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Geologic Resources Inventory Map Document

Montezuma Castle National
Monument and Tuzigoot National

Monument,
Arizona

Document to Accompany 
Digital Geologic-GIS Data

moca_tuzi_geology.pdf

Version: 5/6/2019

This document has been developed to accompany the digital geologic-GIS data developed by the
Geologic Resources Inventory (GRI) program for Montezuma Castle National Monument and
Tuzigoot National Monument, Arizona (MOCA and TUZI).

Attempts have been made to reproduce all aspects of the original source products, including the
geologic units and their descriptions, geologic cross sections, the geologic report, references and all
other pertinent images and information contained in the original publication.

This document contains the following information:

1) About the NPS Geologic Resources Inventory Program – A brief summary of the Geologic
Resources Inventory (GRI) Program and its products. Included are web links to the GRI GIS data
model, and to the GRI products page where digital geologic-GIS datasets, scoping reports and
geology reports are available for download. In addition, web links to the NPS Data Store and GRI
program home page, as well as contact information for the GRI coordinator, are also present.

2) GRI Digital Maps and Source Citations – A listing of all GRI digital geologic-GIS maps produced
for this project along with sources used in their completion. In addition, a brief explanation of how
each source map was used is provided.

3) Digital Surficial Geologic-GIS Map of Tuzigoot National Monument, Arizona (GRI MapCode
CLAR)

A) Map Unit List – A listing of all geologic map units present on the Digital Surficial Geologic-GIS
Map of Tuzigoot National Monument, generally listed from youngest to oldest.

B) Map Unit Descriptions – Descriptions for all surficial geologic map units present on the Digital
Surficial Geologic-GIS Map of Tuzigoot National Monument.

C) AZGS OFR 93-16 (Clarkdale 7.5' Quadrangle, Sheet 1 of 4) Source Information -
Additional source map information including a report and an index map.

4) Digital Geologic-GIS Map of Tuzigoot National Monument, Arizona (GRI MapCode TUZI)
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A) Map Unit List – A listing of all geologic map units present on the Digital Geologic-GIS Map of
Tuzigoot National Monument, generally listed from youngest to oldest.

B) Map Unit Descriptions – Descriptions for all geologic map units present on the Digital
Geologic-GIS Map of Tuzigoot National Monument.

C) Geologic Cross Sections – Geologic cross section graphics with source geologic cross
section abbreviations.

D) USGS Bulletin 1021-N, Plate 45 Source Information - Additional source map information
including a report, correlation of units, and map legend.

5) Digital Geologic-GIS Map of Montezuma Castle National Monument and Tuzigoot National
Monument, Arizona (GRI MapCode MOTU)

A) Map Unit List – A listing of all geologic map units present on the Digital Geologic-GIS Map of
Montezuma Castle National Monument and Tuzigoot National Monument, generally listed from
youngest to oldest.

B) Map Unit Descriptions – Descriptions for all geologic map units present on the Digital
Geologic-GIS Map of Montezuma Castle National Monument and Tuzigoot National Monument.

C) USGS SIM-2996 Source Information - Additional source map information including a
pamplet, location map, correlation of units, and other ancillary map information.

6) GRI Digital Data Credits – GRI digital geologic-GIS data and ancillary map information document
production credits.

For information about using GRI digital geologic-GIS data contact:

Stephanie O'Meara
Geologist/GIS Specialist/Data Manager
Colorado State University Research Associate, Cooperator to the National Park Service
1201 Oak Ridge Drive, Suite 200
Fort Collins, CO 80525
phone: (970) 491-6655
fax: (970) 225-3597
e-mail: stephanie.omeara@colostate.edu

mailto:stephanie.omeara@colostate.edu
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About the NPS Geologic Resources Inventory Program

Background

Recognizing the interrelationships between the physical (geology, air, and water) and biological
(plants and animals) components of the earth is vital to understanding, managing, and protecting
natural resources. The Geologic Resources Inventory (GRI) helps make this connection by providing
information on the role of geology and geologic resource management in parks.

Geologic resources for management consideration include both the processes that act upon the Earth
and the features formed as a result of these processes. Geologic processes include: erosion and
sedimentation; seismic, volcanic, and geothermal activity; glaciation, rockfalls, landslides, and
shoreline change. Geologic features include mountains, canyons, natural arches and bridges,
minerals, rocks, fossils, cave and karst systems, beaches, dunes, glaciers, volcanoes, and faults.
 
The Geologic Resources Inventory aims to raise awareness of geology and the role it plays in the
environment, and to provide natural resource managers and staff, park planners, interpreters,
researchers, and other NPS personnel with information that can help them make informed
management decisions. 

The GRI team, working closely with the Colorado State University (CSU) Department of Geosciences
and a variety of other partners, provides more than 270 parks with a geologic scoping meeting, digital
geologic-GIS map data, and a park-specific geologic report.
 

Products

Scoping Meetings: These park-specific meetings bring together local geologic experts and park staff
to inventory and review available geologic data and discuss geologic resource management issues. A
summary document is prepared for each meeting that identifies a plan to provide digital map data for
the park.

Digital Geologic Maps: Digital geologic maps reproduce all aspects of traditional paper maps,
including notes, legend, and cross sections. Bedrock, surficial, and special purpose maps such as
coastal or geologic hazard maps may be used by the GRI to create digital Geographic Information
Systems (GIS) data and meet park needs. These digital GIS data allow geologic information to be
easily viewed and analyzed in conjunction with a wide range of other resource management
information data.

For detailed information regarding GIS parameters such as data attribute field definitions, attribute
field codes, value definitions, and rules that govern relationships found in the data, refer to the NPS
Geology-GIS Data Model document available at: http://science.nature.nps.gov/im/inventory/geology/
GeologyGISDataModel.cfm

Geologic Reports: Park-specific geologic reports identify geologic resource management issues as
well as features and processes that are important to park ecosystems. In addition, these reports
present a brief geologic history of the park and address specific properties of geologic units present in
the park.

For a complete listing of Geologic Resource Inventory products and direct links to the download site
visit the GRI publications webpage http://www.nature.nps.gov/geology/inventory/gre_publications.cfm

GRI geologic-GIS data is also available online at the NPS Data Store Search Application: http://irma.
nps.gov/App/Reference/Search. To find GRI data for a specific park or parks select the appropriate
park(s), enter “GRI” as a Search Text term, and then select the Search Button.

http://www.nature.nps.gov/geology/inventory/gre_publications.cfm
http://irma.nps.gov/App/Reference/Search
http://irma.nps.gov/App/Reference/Search
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For more information about the Geologic Resources Inventory Program visit the GRI webpage: http://
www.nature.nps.gov/geology/inventory, or contact:

Jason Kenworthy
Inventory Report Coordinator
National Park Service Geologic Resources Division
P.O. Box 25287
Denver, CO 80225-0287
phone: (303) 987-6923
fax: (303) 987-6792
email: Jason_Kenworthy@nps.gov

The Geologic Resources Inventory (GRI) program is funded by the National Park Service (NPS)
Inventory and Monitoring (I&M) Division.

mailto:Jason_Kenworthy@nps.gov
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GRI Digital Maps and Source Map Citations

The GRI digital geologic-GIS maps for Montezuma Castle National Monument and Tuzigoot National
Monument, Arizona (MOCA and TUZI).  For each GRI digital geologic-GIS map the source map used,
and its contribution, is presented.

Digital Surficial Geologic-GIS Map of Tuzigoot National Monument, Arizona (GRI MapCode
CLAR)

House, Kyle P. and Pearthree, Philip A., 1993, Surficial Geology of the Northern Verde Valley,
Yavapai County, Arizona: Arizona Geological Survey, Open-File Report 93-16, Sheet 1 of 4, scale
1:24,000 (AZGS OFR 93-16 (Clarkdale 7.5' Quadrangle, Sheet 1 of 4). (GRI Source Map ID 1091).

The GRI used the full extent of the source digital GIS data, and incorporated prominent components
of the provided source map and report (e.g., unit colors and unit descriptions) into the GRI digital
geologic-GIS dataset and product.

Digital Geologic-GIS Map of Tuzigoot National Monument, Arizona (GRI MapCode TUZI)

Lehner, Robert E., 1958, Geology of the Clarkdale Quadrangle: U.S. Geological Survey, Bulletin
1021-N, Plate 45, scale 1:48,000 (USGS Bulletin 1021-N, Plate 45). (GRI Source Map ID 1092).

The GRI used the full extent of the source digital GIS data, and incorporated prominent components
of the provided source map and report (e.g., unit colors and unit descriptions) into the GRI digital
geologic-GIS dataset and product.

Digital Geologic-GIS Map of Montezuma Castle National Monument and Tuzigoot National
Monument, Arizona (GRI MapCode MOTU)

DeWitt, E., et. al., 2008, Geologic Map of the Prescott National Forest and the Headwaters of the
Verde River, Yavapai and Coconino Counties, Arizona: U.S. Geological Survey, Scientific
Investigations Map, SIM-2996, scale 1:100,000 (USGS SIM-2996). (GRI Source Map ID 75246).

The GRI used only a partial extent of the source digital GIS data, and incorporated prominent
components of the provided source map and report (e.g., unit colors and unit descriptions) into the
GRI digital geologic-GIS dataset and product.

Additional information pertaining to each source map is also presented in the GRI Source Map
Information (MOCATUZIMAP) table included with the GRI geologic-GIS data.
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Index Map

The following index map displays the park boundaries for Montezuma Castle National Monument and
Tuzigoot National Monument, as well as the extent of GRI digital geologic-GIS maps produced for
these park units, and the extent of source maps used to produce these maps.

The extent of the GRI Digital Surficial Geologic-GIS Map of Tuzigoot National Monument (GRI
MapCode CLAR) and the GRI Digital Geologic-GIS Map of Tuzigoot National Monument (GRI
MapCode TUZI) are indicated in orange.  The extent of the GRI Digital Geologic-GIS Map of
Montezuma Castle National Monument and Tuzigoot National Monument (GRI MapCode MOTU) is
shown as a dashed blue line.  For source map extents (see the section above for source map
citations and their contribution), the Geologic Map of the Prescott National Forest and the Headwaters
of the Verde River (SIM-2996) is shown red, whereas the extents of the Geologic Map of the
Clarkdale Quadrangle (Bulletin 1021-N) and the Surficial Geology of the Northern Verde Valley (OFR
93-16) are shown in orange.  The boundary of each park unit is shown in green.
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Digital Surficial Geologic-GIS Map of Tuzigoot National
Monument, Arizona (GRI MapCode CLAR)

Map Unit List

The surficial geologic units present in the Digital Surficial Geologic-GIS Map of Tuzigoot National
Monument, Arizona (GRI MapCode CLAR) are listed below. Units are listed with their assigned unit
symbol and unit name (e.g., Qaf1 - Quarry). Units are listed from youngest to oldest. Information
about each surficial geologic unit is also presented in the GRI Surficial Geologic Unit Information
(CLARUNIT) table included with the geologic-GIS data.  Some source unit symbols, names and/or
ages may have been changed in this document and in the GRI digital geologic-GIS data. This was
done if a unit was considered to be the same unit as one or more units on other source maps used for
this project, and these unit symbols, names and/or ages differed. In this case a single unit symbol and
name, and the unit's now recognized age, was adopted. Unit symbols, names and/or ages in a unit
descriptions, or on a correlation of map units or other source map figure were not edited. If a unit
symbol, name or age was changed by the GRI the unit's source map symbol, name and/or age
appears with the unit's source map description.

Cenozoic Era

Quaternary Period
Qaf1 - Quarry
Qaf2 - Tailings
Qyr - Active channels of major streams
Qyt - Young terraces
Qyp - Young piedmont alluvium
Qs - Sheepshead Group, undivided

Qs2 - Sheepshead Group, younger unit
Qs1 - Sheepshead Group, older unit

Chuckwalla Terraces
Qct2 - Chuckwalla Terraces, younger terraces
Qct1 - Chuckwalla Terraces, older terraces

Chuckwalla Group
Qc2 - Chuckwalla Group, youngest member
Qc1 - Chuckwalla Group, older deposits

Qc1b - Chuckwalla Group, older deposits, subunit 1b
Qc1a - Chuckwalla Group, older deposits, subunit 1a

Qmt - Montezuma Terraces
Qm - Montezuma alluvial fan complex
Oxbow Terraces

Qot3 - Oxbow Terraces, terrace 3
Qot2 - Oxbow Terraces, terrace 2
Qot1 - Oxbow Terraces, terrace 1

Oxbow Group
Oxbow Group - subunit 2

Qo2a - Oxbow Group, subunit 2a
Qo2b - Oxbow Group, subunit 2b

Qvx - Verde Mix

Tertiary Period
Tvl - Verde Formation, lacustrine facies
Tvg - Verde Formation, gravel facies
Tb - Basalt

Paleozoic Era
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PZs - Sedimentary rocks

Precambrian
Xmv - Metavolcanics

Map Unit Descriptions

Descriptions of all geologic map units, generally listed from youngest to oldest, are presented below. 

Qaf1 - Quarry (Holocene)

Qaf1 - Quarry (Recent)
Areas mapped as quarries. (GRI Source Map ID 1091) (AZGS OFR 93-16 (Clarkdale 7.5'
Quadrangle, Sheet 1 of 4)). 

Qaf2 - Tailings (Holocene)

Qaf2 - Tailings (Recent)
Areas mapped as tailings. (GRI Source Map ID 1091) (AZGS OFR 93-16 (Clarkdale 7.5' Quadrangle,
Sheet 1 of 4)). 

Qyr - Active channels of major streams (Holocene)

Qyr - Active Channels of Major Streams (Recent)
Active channel and flood channel deposits of the Verde River and Oak Creek. This unit consists of silt,
sand, gravel, and cobbles in the active channel areas of both major drainages in this portion of the
Verde Valley. Most of this unit is the active bed of each stream, the remainder includes areas that
convey floodwaters frequently enough to limit the development of mature riparian plant communities
(i.e. dense stands, no large trees). (GRI Source Map ID 1091) (AZGS OFR 93-16 (Clarkdale 7.5'
Quadrangle, Sheet 1 of 4)). 

Qyt - Young terraces (late Holocene)

Young (typically tens of years to a few thousand years old), relatively thin terrace deposits along the
Verde River and Oak Creek. Composed of two distinct facies: a coarse gravel facies of abandoned
channels and bars, and a fine facies composed of sand deposited in low velocity, slack-water areas
during large floods. Qyt is less than about 6 m (20 ft) above the lowest portions of river channels and
is almost always found directly adjacent to the channels. The principal exception to this is at Pecks
Lake, where a meander of the Verde River has evidently been cut off quite recently leaving a low area
covered with late Holocene deposits. Piedmont channels (Qyp) are graded Qyp in some places. Qyt
deposits are weakly consolidated and are susceptible to bank erosion, although riparian vegetation
tends to stabilize these deposits. Most if not all Qyt terraces may be subject to inundation during large
floods. (GRI Source Map ID 1091) (AZGS OFR 93-16 (Clarkdale 7.5' Quadrangle, Sheet 1 of 4)). 

Unit age: < 5,000 years

Qyp - Young piedmont alluvium (late Holocene)

This unit consists of modern channel deposits and low terraces along piedmont drainage courses. It
also includes small alluvial fans that have prograded onto the youngest terraces of the Verde River
and Oak Creek. Composition ranges from extremely coarse very near the Black Hills (sand, gravel,
cobbles, and boulders) to more fine-grained (silt, sand, gravel) elsewhere. Unit Yp is found throughout
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the map area in and near ephemeral drainage courses. (GRI Source Map ID 1091) (AZGS OFR 93-
16 (Clarkdale 7.5' Quadrangle, Sheet 1 of 4)). 

Unit age: < 5,000 years

Qs - Sheepshead Group, undivided (late Pleistocene to Holocene)

The Sheepshead Group consists of relatively fine-grained late Quaternary alluvium eroded from the
Verde Formation. Unit S deposits consist of thin alluvial fan remnants, restricted piedmont stream
deposits, and colluvium derived from cliffs of the Verde Formation. In many areas, unit S can be
subdivided on the basis of soil development and relative topographic position (units Sl and S2). In
areas where such distinction is not possible, the alluvium is labeled S. Sheepshead alluvium is
extensive in most of the Page Springs quadrangle, the Cornville quadrangle between Oak Creek and
the Verde River, along the flanks of the White Hills throughout the map area, and in the vicinity of
Hayfield Draw in the Cottonwood quadrangle where a clay-rich unit in the Verde Formation is
extensively exposed. (GRI Source Map ID 1091) (AZGS OFR 93-16 (Clarkdale 7.5' Quadrangle,
Sheet 1 of 4)). 

Unit age: 125,000 years to present

The Sheephead Group is mapped as unit Qs and is also mapped as the following subunits:

Qs2 - Sheepshead Group, younger unit (Holocene)

The younger unit of the Sheepshead Group includes small alluvial fans, discontinuous stream
deposits and low stream terraces adjacent to modern piedmont drainages. Along the east flank of the
White Hills (Page Springs quadrangle) this unit is easily distinguished from Sl because it is not as red.
The surface color is grayish brown to dull brown (7.5 YR 6/2 - 6/3). S2 alluvium is typically fine-
grained and consists primarily of clay, silt, sand, and minor gravel. The soil is very calcareous due to
the abundance of calcium carbonate in the source rocks. Deeply incised, narrow arroyos are common
in areas of S2 alluvium. Creosote bush and assorted grasses are common plants; vegetation density
is variable. (GRI Source Map ID 1091) (AZGS OFR 93-16 (Clarkdale 7.5' Quadrangle, Sheet 1 of 4)).

Unit age: 10,000 years to present

Qs1 - Sheepshead Group, older unit (late Pleistocene)

The older unit of the Sheepshead Group is most extensive along the foot of the White Hills in the
Page Springs quadrangle. Here the unit is fairly oxidized such that the surface color is approximately
bright reddish brown (5YR 5/8 - 5/6). The degree of reddening imparted by soil development and
weathering is uncertain because of an abundance of red sandstone layers in the Verde Formation in
this vicinity, but the soil color is redder than that of S2 alluvium. The unit consists of primarily relatively
fine-grained sediments (clay, silt and sand) with lesser amounts of gravel. Because these sediments
are derived from the Verde Formation, the soil is very calcareous. Vegetation is dominated by
creosote and assorted grasses of low to moderate density. (GRI Source Map ID 1091) (AZGS OFR
93-16 (Clarkdale 7.5' Quadrangle, Sheet 1 of 4)). 

Unit age: 125,000 to 10,000 years

Chuckwalla Terraces (middle Pleistocene to early Holocene)

Chuckwalla Terraces are found in very close proximity to the present positions of the Verde River and
Oak Creek. They are of limited areal extent and are restricted to the interior of narrow canyon
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reaches. The older terrace (CT1) ranges from about 12 to 18 m (40-60 ft) above modern river
channels; C1 piedmont deposits are graded to terrace CT1. CT1 thus dates to the middle to late
Pleistocene. The younger terrace (CT2) is about 6 to 12 m (20-40 ft) above modern river channels; C2
piedmont deposits are graded to CT2 terraces, implying that CT2 terraces are of latest Pleistocene to
early Holocene age. Typically, deposits are coarse gravel facies of relict channels and bars and are
less than 5 m thick. Soil development is moderate, with some clay accumulation. CT terraces are
fairly resistant to stream erosion and are not inundated during large floods. (GRI Source Map ID 1091)
(AZGS OFR 93-16 (Clarkdale 7.5' Quadrangle, Sheet 1 of 4)). 

The Chuckwalla Terraces are mapped as the following units:

Qct2 - Chuckwalla Terraces, younger terraces (middle Pleistocene to early Holocene)

No additional unit description provided. See Chuckwalla Terraces description above.

Unit age: 250,000 to 5,000 years

Qct1 - Chuckwalla Terraces, older terraces (middle Pleistocene to early Holocene)

No additional unit description provided. See Chuckwalla Terraces description above.

Unit age: 250,000 to 5,000 years

Chuckwalla Group (middle Pleistocene to early Holocene)

The Chuckwalla Group consists of relatively thin, broad, alluvial fans, and narrow stream terraces.
Surfaces of the Chuckwalla Group are much closer to the altitude of modern drainages than adjacent
M and 0 surfaces. There typically is not substantial relief between the three units in the Chuckwalla
Group (Cla, Clb, and C2). Soil development differs substantially between the three units, however,
indicating that the Chuckwalla Group probably spans much of the late Quaternary (–250 to 10 ka). (
GRI Source Map ID 1091) (AZGS OFR 93-16 (Clarkdale 7.5' Quadrangle, Sheet 1 of 4)). 

The Chuckwalla group is mapped as the following units:

Qc2 - Chuckwalla Group, youngest member (latest Pleistocene to early Holocene)

The youngest member of the Chuckwalla Group (C2) includes thin alluvial fans adjacent to or very
slightly inset into older C1 alluvium. C2 also includes low terraces adjacent to stream channels
confined by higher, older alluvium or bedrock. Areas where C2 surfaces are tightly interspersed with
young stream sediments (Yp) are labeled as C2/Yp.

Unit C2 is composed primarily of coarse sediments ranging from sand to large cobbles and small
boulders. Near the Verde River at Cottonwood the composition of the C2 alluvial fans is finer-grained
and dominated by sand, pebbles, and minor silt. In the middle and upper piedmont areas, the C2
surface is characterized by a dense thornscrub thicket including catclaw, mesquite, and holly. Near
the river, the vegetation is sparse. Much of the recent development in the city of Cottonwood has
been on C2 fans. (GRI Source Map ID 1091) (AZGS OFR 93-16 (Clarkdale 7.5' Quadrangle, Sheet 1
of 4)). 

Unit age: 20,000 to 5,000 years
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Qc1 - Chuckwalla Group, older deposits (middle to late Pleistocene)

The older deposits of the Chuckwalla Group consist of extensive alluvial fans and terraces. The two
subunits (C1a and C1b) differ primarily in degree of soil development and surface color. In areas
where they are indistinguishable or intricately interspersed, they are grouped together in unit C1. C1
deposits cover much of the piedmont of the Black Hills west-northwest of Cottonwood. Unit C1a
locally occurs as a terrace surface carved in extensive deposits of Montezuma alluvium. An example
of this occurs on the southern side of the large fan emanating from Black Canyon in the Cottonwood
and Cornville quadrangles.

C1a and C1b are both composed primarily of coarse sediments ranging from sand to large cobbles
and small boulders. The C1a surface color ranges from dull reddish brown to bright brown (5 YR 5/4 -
7.5 YR 5/6). Soils typically have strong argillic horizons with light clay textures and moderately
developed calcic horizons (stage II to III). In general, C1a is characterized by a relatively sparse shrub
community and fairly good grass cover, but this varies considerably with local conditions and source
area lithology. Predominant plants include prickly pear cactus, catclaw, assorted grasses. Based on
the relatively strong soil development associated with C1a surfaces, we estimate their age to be -125
to 250 ka. C1b surface color typically is slightly less red than C1a; soils are characterized by
moderately developed argillic horizons (clay loam textures) and relatively weak calcic horizons (stage
l to ll). C1b surfaces are dominated by a relatively high-density thorn scrub assemblage including
acacia, mesquite, and holly. Based on soil development, we estimate that C1b surfaces are
significantly younger than C1a (–50 to 125 ka). (GRI Source Map ID 1091) (AZGS OFR 93-16
(Clarkdale 7.5' Quadrangle, Sheet 1 of 4)).

Unit age: 250,000 to 50,000 years

The Chuckwalla Group is also mapped as the following subunits:

Qc1b - Chuckwalla Group, older deposits, subunit 1b (middle to late Pleistocene)

No additional unit description provided. See Chuckwalla Group and Chuckwalla Group, older deposits
descriptions above.

Unit age: 125,000 to 50,000 years

Qc1a - Chuckwalla Group, older deposits, subunit 1a (middle to late Pleistocene)

No additional unit description provided. See Chuckwalla Group and Chuckwalla Group, older deposits
descriptions above.

Unit age: 250,000 to 125,000 years

Qmt - Montezuma Terraces (middle Pleistocene)

Montezuma Terraces (MT) are still high above the modem rivers but are found in locations relatively
close to the present positions of the Verde River and Oak Creek. MT terraces are not, however,
restricted to the interiors of relatively narrow canyon reaches and in fact are often found on bedrock
shelves that line the periphery of such reaches. They are typically 25 to 30 m (80-100 ft) above the
modern river channels. The Montezuma alluvial fan complex is clearly graded to the MT near the
Verde River, so they must be of equivalent age (middle Pleistocene). Soil development is fairly strong,
and deposits are typically coarse gravel facies. (GRI Source Map ID 1091) (AZGS OFR 93-16
(Clarkdale 7.5' Quadrangle, Sheet 1 of 4)). 

Unit age: ~500,000 years
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Qm - Montezuma alluvial fan complex (middle Pleistocene)

Extensive middle Pleistocene Montezuma alluvial fans comprise the thickest Quaternary deposits
observed in the map area. These fan remnants are inset well below adjacent Oxbow surfaces but are
25 to 30 m (80-100 ft) above modern drainages. In the vicinity of Black Canyon, the alluvium is locally
at least 25 m (80 ft) thick. Considerable variations in thickness of this unit suggest that it partially filled
fairly deep valleys carved into the Verde Formation after deposition of the O2 alluvium. The best
example of an M surface occurs along the northern side of Black Canyon in the southern portion of
the Cottonwood quadrangle.

Montezuma surfaces are dominated by angular clasts of metavolcanic, volcanic, or granitic rocks. In
some places a weak desert pavement is developed on the surface. The M surface is dull yellowish
brown to brown. It hosts a low to moderate density community of prickly pear, mesquite and assorted
desert grasses. Closer to the mountains and at higher altitudes the plant community is composed of
moderate to high density stands of acacia, mesquite, and holly. Greater vegetation densities are also
associated with M surfaces derived from granitic source areas south of Black Canyon. Soils
associated with M surfaces are strongly developed with clay textures and moderately developed
calcic horizons (stage II to III) at an approximate depth of 90 cm. Soft carbonate concretions are
present below about 40 cm. (GRI Source Map ID 1091) (AZGS OFR 93-16 (Clarkdale 7.5'
Quadrangle, Sheet 1 of 4)). 

Unit age: ~500,000 years ago

Oxbow Terraces (early Pleistocene)

Three very high and old terrace remnants are found along Oak Creek and the Verde River. These O
terraces were grouped together because of their topographic isolation above other terraces. The
oldest terraces (OT1) are about 85 to 100 m (280-350 ft) above the modern river channels; OT2
terraces range from about 55 to 70 m (180-220 ft) above the river; OT3 terraces range from about 50
to 55 m (160-180 ft) above the river. They all likely date to the early Pleistocene, and thus were
deposited during the same general interval as the Oxbow piedmont alluvial units.

The oldest river terraces (OT1) are about 200 m (700 ft) below the highest levels of the fine-grained
facies of the Verde Formation. Thus, OT1 is almost certainly much younger than the O1 piedmont
surfaces, which probably represent the highest levels of the Verde Formation. O2a alluvial-fan
remnants are at about the same altitude as OT2 near the Verde River, so they are of similar age. O2b
can not be directly correlated with OT3, but O2b is well above the level of the next younger river
terrace (MT), suggesting that it generally correlates with OT3. Terraces in the O group are found
much farther from the present courses of Oak Creek and the Verde River than any of the younger
terraces. Deposits are typically fairly thin, poorly sorted silt to gravel. Soil development is strong, with
substantial clay and calcium carbonate accumulation; locally, soil horizons are cemented with calcium
carbonate. (GRI Source Map ID 1091) (AZGS OFR 93-16 (Clarkdale 7.5' Quadrangle, Sheet 1 of 4)).

The Oxbow Terraces are mapped as the following units:

Qot3 - Oxbow Terraces, terrace 3 (early Pleistocene)

No additional unit description provided. See Oxbow Terraces description above.

Unit age: 2,000,000 to 800,000 years
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Qot2 - Oxbow Terraces, terrace 2 (early Pleistocene)

No additional unit description provided. See Oxbow Terraces description above.

Unit age: 2,000,000 to 800,000 years

Qot1 - Oxbow Terraces, terrace 1 (early Pleistocene)

No additional unit description provided. See Oxbow Terraces description above.

Unit age: 2,000,000 to 800,000 years

Oxbow Group (early Pleistocene)

The Oxbow Group includes three levels of alluvial fans representing the oldest surficial alluvium
preserved in the northern Verde Valley. These alluvial-fan remnants range from about 80 to 150 m
above modern drainages and were likely deposited during the early Pleistocene to latest Pliocene (0.8
to 2.5 Ma). There is as much as 60 m of relief between older (O1) and younger (O2a and O2b)
surfaces, implying that these units were deposited over a substantial interval. Soils developed on
these units have well-developed calcic horizons (typically stage III to V; after Machette, 1985) and are
extremely clay-rich where well preserved. Oxbow alluvium is a relatively thin veneer capping erosion
surfaces cut on the Verde Formation. Deposit thickness typically is several meters and probably does
not exceed 10 meters. Deposits are very poorly sorted coarse gravels. Particle sizes range from silt
and sand to boulders, and clasts are typically subangular. (GRI Source Map ID 1091) (AZGS OFR 93-
16 (Clarkdale 7.5' Quadrangle, Sheet 1 of 4)).

Oxbow Group, subunit 2 (early Pleistocene)

O2 units are high, thin, early Pleistocene alluvial fan remnants deposited on erosional surfaces cut
into both the lacustrine and gravel facies the Verde Formation. O2 surfaces are fairly widespread in
the Black Hill piedmont area south of Black Canyon and north of Cherry Creek. The most extensive
well-preserved remnants are found below Catpaw Mesa where the source area lithologies are most
resistant to erosion (metavolcanic and volcanic rocks).

In some areas there are two distinct levels of O2 surfaces (O2a and O2b). Physical characteristics of
these surfaces are similar, so they can be distinguished only in areas where they are adjacent to each
other. In some places, as in the vicinity of Catpaw Mesa, O2a is as much as 15 m (50 ft) higher than
O2b. Closer to the Verde River, they differ by as little as 5 m (20 ft). The O2 designation is used in
areas where it is not possible to distinguish two discrete surface levels.

O2 deposits are composed of sediment ranging from silt to boulders. Most of the clasts are
metavolcanics and basalt. Surface color is dull reddish brown (5YR 4/4-5/4). The soil on well-
preserved O2 surfaces is extremely strongly developed. Argillic horizons have heavy clay textures
and are dark reddish brown (2.5 YR 3/3). A stage III to IV calcic horizon exists at approximately 80
cm. Soil structure is angular blocky to prismatic. On degraded surface remnants, the argillic horizon
has been partially or completely stripped and the calcic horizon is encountered at or near the surface.
Well-preserved O2 surfaces support grasses, small acacias, prickly pear cactus, and scattered
junipers. In the areas where the surface has been eroded and the calcic horizon is either shallow or at
the surface, the density of juniper is higher and crucifixion thorn is abundant. The extremely strong
soil development associated with O2 surfaces and the high topographic positions they occupy
indicate that they are very old. The fact that O2 surfaces were deposited at levels that are much lower
than adjacent O1 surfaces implies that they are significantly younger than unit O1. (GRI Source Map
ID 1091) (AZGS OFR 93-16 (Clarkdale 7.5' Quadrangle, Sheet 1 of 4)).
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The Oxbow group, subunit 2 is mapped as the following units:

Qo2a - Oxbow Group, subunit 2a (early Pleistocene)

No additional unit description provided. See Oxbow Group and Oxbow Group, subunit 2 descriptions
above.

Unit age: 2,000,000 to 800,000 years

Qo2b - Oxbow Group, subunit 2b (early Pleistocene)

No additional unit description provided. See Oxbow Group and Oxbow Group, subunit 2 descriptions
above.

Unit age: 2,000,000 to 800,000 years

Qvx - Verde Mix (Quaternary)

Qvx - Verde Mix (Indeterminate age)
Unit designation Vx is used in areas where weathered bedrock, alluvium, and eolian materials are
essentially indistinguishable. Typically, this unit consists of a very thin mantle of unconsolidated
deposits of uncertain origin over Verde Formation. Unit Vx is exclusively related to the Verde
Formation; it is most extensive in the Page Springs quadrangle and in the area north of the
confluence of the Verde River and Oak Creek in the Cornville quadrangle. Some contacts between Vx
and Sheepshead alluvium are arbitrary because they grade together. In general the Vx designation
was reserved for interfluve areas relatively high above modern washes. (GRI Source Map ID 1091) (
AZGS OFR 93-16 (Clarkdale 7.5' Quadrangle, Sheet 1 of 4)). 

Tvl - Verde Formation, lacustrine facies (late Miocene to Pliocene)

Lacustrine facies are composed of freshwater limestone, sandstone, siltstone and marl This unit is
exposed throughout the map area particularly in the White Hills and along the Verde River south of
the Oak Creek Confluence. In most areas, the Verde Formation is a cliff forming unit, but in areas
where clay rich layers are exposed it is characterized by soft-looking slopes and occasional badlands-
type topography. (GRI Source Map ID 1091) (AZGS OFR 93-16 (Clarkdale 7.5' Quadrangle, Sheet 1
of 4)). 

Unit age: 2,500,000 to 850,000 years

Tvg - Verde Formation, gravel facies (late Miocene to Pliocene)

Gravel facies the alluvial fan deposits composed of primarily gravel and cobbles. Diverse lithologies.
This unit is concentrated along the eastern flank of the Black Hills and occurs as rounded, high-
standing hillocks that are conspicuously gray-colored. (GRI Source Map ID 1091) (AZGS OFR 93-16
(Clarkdale 7.5' Quadrangle, Sheet 1 of 4)). 

Unit age: 2,500,000 to 850,000 years

Tb - Basalt (Miocene to Pliocene)

Late Cenozoic basalt flows and local sediments. This bedrock type is found scattered through the
map area. It caps Mingus Mountain and several mesas along the Mogollon rim. Some basalt also
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occurs in Box canyon along the Verde River north of Clarkdale where flows occur within the Verde
Formation. The largest exposure of Tb is in the Page Springs Quadrangle in the area between the
White Hills and Oak Creek. (GRI Source Map ID 1091) (AZGS OFR 93-16 (Clarkdale 7.5'
Quadrangle, Sheet 1 of 4)). 

PZs - Sedimentary rocks (Paleozoic)

Sedimentary rocks ranging from limestone and dolomite to sandstone. These rocks are abundant in
the Black Hills west of the Verde Fault and in scattered locations in the foothills. The largest
exposures are in the Black Hills and Mogollon Rim areas north and east of Clarkdale. (GRI Source
Map ID 1091) (AZGS OFR 93-16 (Clarkdale 7.5' Quadrangle, Sheet 1 of 4)). 

Xmv - Metavolcanics (Precambrian)

Metavolcanic rocks ranging from basalt to rhyolite. These rocks are found throughout the black hills
north of Black Canyon. (GRI Source Map ID 1091) (AZGS OFR 93-16 (Clarkdale 7.5' Quadrangle,
Sheet 1 of 4)). 

AZGS OFR 93-16 (Clarkdale 7.5' Quadrangle, Sheet 1 of 4) Source Information

House, Kyle P. and Pearthree, Philip A., 1993, Surficial Geology of the Northern Verde Valley,
Yavapai County, Arizona: Arizona Geological Survey, Open-File Report 93-16, Sheet 1 of 4, scale
1:24,000 (GRI Source Map ID 1091).
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Index Map

Extracted from: (AZGS OFR 93-16 (Clarkdale 7.5' Quadrangle, Sheet 1 of 4)).

Report

The report for the Surficial Geology of the Northern Verde Valley, Yavapai County, Arizona is
presented below.

Open-File Report 93-16

The report contains the following sections:

Introduction
Methods and Materials Used in Mapping
Map Unit Descriptions
General Geologic Setting of the Verde Valley
Quaternary Geology and Geomorphology of the Northern Verde Valley
Summary
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Introduction


This report contains four detailed maps depicting the distribution of Quaternary alluvial


deposits and their associated geomorphic surfaces in the northern portion ofthe Verde Valley.


Preliminary age estimations based on relative age criteria and soil development characteristics are


assigned to each unit. Each map also depicts the distribution ofgeneralized bedrock types in the


area. Geologic structures in the bedrock units other than the principal trace ofthe Verde Fault are


not included in these maps.


Each map in this report contains a wealth ofgeological information concerning the effects of


Quaternary climatic fluctuations on the evolution of the Verde River, its major tributaries, and


adjacent piedmont areas. Evident in these maps is the strong influence of drainage basin and


substrate lithology on the evolution of the regional landscape and the persistence of landforms. In


addition, the maps contain information relevant to the distribution and character offlood hazards,


vegetation assemblages, and potential soil problems.


Methods and Materials Used in Mapping


Preliminary mapping was based on interpretation of aerial photographs. The aerial photos


used included: 1:24,000 scale black and white photos taken in 1977 and 1984; 1:24,000 scale


color photos taken in 1984; 1: 12,000 scale aerial photos taken in 1990; 1:20,000 scale black and


white photos taken in 1954; 1:48,000 scale black and white photos taken in 1950; 1:58,000 scale


color infrared photos taken in 1980; and 1: 129,000 scale black and white photos taken in 1972.


Stereoscopic analysis of these photo sets helped to accurately delineate the Quaternary deposits


and the bedrock units. Aerial photo interpretation was augmented by field reconnaissance


investigations. Final mapping was compiled on mylar overlays of 1:24,000-scale orthophoto maps.


Mapping was then transferred to 1:24,000-scale topographic base maps (7 1/2' quadrangles).


Aerial photos used in the mapping were provided by the Coconino National Forest Supervisors


Office and the Soil Conservation Service FlagstaffField Office. Mapping of Quaternary alluvium


along the Verde River supplemented previously completed mapping by Pearthree (1993). In the


Cottonwood and Clarkdale quadrangles, most ofthe generalized bedrock mapping was taken


from previously published maps (Anderson and Creasey, 1958, 1967; Lehner, 1958). Bedrock


mapping in portions of the Cornville and Page Springs quadrangles was based in part on previous


work (Ranney, 1989; Karlstrom et aI., 1984; Weir et aI., 1989).
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Map Unit Descriptions


The surficial deposits of the northern Valley are divided into 19 units based on their ages and


source areas. These surficial deposits range in age from early Pleistocene-latest Pliocene (-2 Ma)


to modern. Ten ofthese units were deposited by piedmont streams, and eight different ages of


major river deposits (river channels and terraces) were recognized. In addition to the surficial


deposits, our maps depict the distribution of two facies ofbasin-fill deposits (the Verde


Formation) and four generalized bedrock units.


Surficial geologic units are arranged in a hierarchy based on approximate age and the source


of the deposits. This hierarchy gave us the flexibility to differentiate units fairly precisely where


feasible, but also permits us to group units or to use a less precise age designation for a unit


where necessary. The five major groups of piedmont alluvial-fan and terrace deposits are the early


Pleistocene-latest Pliocene Oxbow group, the middle Pleistocene Montezuma fan complex, the


middle Pleistocene to early Holocene Chuckwalla group, the late Pleistocene to Holocene


Sheepshead group, and late Holocene stream deposits. Most of these major groups have one or


more levels of subgroups that are mapped separately in some areas and grouped in others. Terrace


deposits of the major rivers are differentiated based on physical characteristics and height above


the river. These river terraces are tentatively correlated with the major piedmont alluvial units


based on their relative topographic relationships near the rivers. Generalized bedrock map units


were developed using published geologic mapping covering this area.


Piedmont Alluvial Units


Oxbow Group: early Pleistocene to latest Pliocene


Map units 0, 01, 02, 02a, 02b


The Oxbow group includes three levels of alluvial fans representing the oldest surficial


alluvium preserved in the northern Verde Valley. These alluvial-fan remnants range from about 80


to 150 m above modern drainages and were likely deposited during the early Pleistocene to latest


Pliocene (0.8 to 2.5 Ma). There is as much as 60 m of reliefbetween older (01) and younger


(02a and 02b) surfaces, implying that these units were deposited over a substantial interval. Soils


developed on these units have well-developed calcic horizons (typically stage III to V; after


Machette, 1985) and are extremely clay-rich where well preserved. Oxbow alluvium is a relatively


thin veneer capping erosion surfaces cut on the Verde Formation. Deposit thickness typically is


several meters and probably does not exceed 10 meters. Deposits are very poorly sorted coarse


gravels. Particle sizes range from silt and sand to boulders, and clasts are typically subangular.
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01: latest Pliocene (-2 to 2.5 Ma)


The highest level of alluvial fan remnants in the Verde Valley, which are 100 m or more above


modem drainages, are mapped as Unit 01. This unit is found on top of the gravel facies of the


Verde Formation (Tvg) very near the Black Hills, and may actually represent the highest level


of the Verde Formation. The only obvious difference between underlying gravels and the 01


surficial unit is the color imparted by soil development in the upper few meters of the 01


alluvium. Very few remnants ofa1 exist in the map area. The best example ofa well


preserved 01 surface is "Catpaw Mesa" found in section 18, T15N R3E (Cottonwood


quadrangle). This surface now stands more than 100 m (300 ft) above the modem drainages.


A smaller, less well-preserved remnant is located approximately 1 mile southeast of Jerome.


Elsewhere, possible erosional remnants of this unit are not distinguishable from the younger


members ofthe Oxbow Group and are therefore designated "0".


a1 surfaces are quite planar where preserved. They support a low to moderate density acacia


thorn scrub community; assorted grasses and prickly pear cactus are abundant. Surface


materials consist ofpebbles, cobbles, and boulders ofmetavolcanic rock and basalt in a clayey


matrix. Surface color is dull reddish brown (5 YR 4/4). The soil is very clay-rich (heavy clay


texture) and has angular blocky to weak prismatic structure. The very strong soil development


and the extremely high topographic.position of 01 units in the Verde Valley implies


substantial antiquity. Menges and McFadden (1981) argued that similar alluvial fan remnants


in southeastern Arizona date to the earliest Pleistocene or latest Pliocene. The highest levels


of the fine-grained basin facies of the Verde Formation date to about 2 to 2.5 Ma (Bressler


and Butler, 1978; Nations et aI, 1981). If 01 deposits represent the highest level of the


marginal gravel facies of the Verde Formation, they probably date to 2 to 2.5 Ma as well.


02: early Pleistocene (0.8 to 2 Ma)


02 units are high, thin, early Pleistocene alluvial fan remnants deposited on erosional surfaces


cut into both the lacustrine and gravel facies the Verde Formation. 02 surfaces are fairly


widespread in the Black Hill piedmont area south ofBlack Canyon and north of Cherry Creek.


The most extensive well-preserved remnants are found below Catpaw Mesa where the source


area lithologies are most resistant to erosion (metavolcanic and volcanic rocks).


In some areas there are two distinct levels of 02 surfaces (02a and 02b). Physical


characteristics of these surfaces are similar, so they can be distinguished only in areas where


they are adjacent to each other. In some places, as in the vicinity of Catpaw Mesa, 02a is as


much as 15 m (50 ft) higher than 02b. Closer to the Verde River, they differ by as little as 5 m


(20 ft). Tne 02 designation is used in areas wnere it is not possiole to distinguish two discrete


surface levels.
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02 deposits are composed of sediment ranging from silt to boulders. Most of the clasts are


metavolcanics and basalt. Surface color is dull reddish brown (5YR 4/4-5/4). The soil on well­


preserved 02 surfaces is extremely strongly developed. Argillic horizons have heavy clay


textures and are dark reddish brown (2.5 YR 3/3). A stage III to IV calcic horizon exists at


approximately 80 cm. Soil structure is angular blocky to prismatic. On degraded surface


remnants, the argillic horizon has been partially or completely stripped and the calcic horizon


is encountered at or near the surface. Well-preserved 02 surfaces support grasses, small


acacias, prickly pear cactus, and scattered junipers. In the areas where the surface has been


eroded and the calcic horizon is either shallow or at the surface, the density ofjuniper is


higher and crucifixion thorn is abundant. The extremely strong soil development associated


with 02 surfaces and the high topographic positions they occupy indicate that they are very


old. The fact that 02 surfaces were deposited at levels that are much lower than adjacent 01


surfaces implies that they are significantly younger than unit 01.


Montezuma alluvial fan complex: middle Pleistocene (~500 ka)


Map unitM


Extensive middle Pleistocene Montezuma alluvial fans comprise the thickest Quaternary


deposits observed in the map area. These fan remnants are inset well below adjacent Oxbow


surfaces but are 25 to 30 m (80-100 ft) above modern drainages. In the.vicinity ofBlack Canyon,


the alluvium is locally at least 25 m (80 ft) thick. Considerable variations in thickness of this unit


suggest that it partially filled fairly deep valleys carved into the Verde Formation after deposition


ofthe 02 alluvium. The best example of an M surface occurs along the northern side ofBlack


Canyon in the southern portion of the Cottonwood quadrangle.


Montezuma surfaces are dominated by angular clasts ofmetavolcanic, volcanic, or granitic


rocks, In some places a weak desert pavement is developed on the surface. The M surface is dull


yellowish brown to brown. It hosts a low to moderate density community ofprickly pear,


mesquite and assorted desert grasses. Closer to the mountains and at higher altitudes the plant


community is composed of moderate to high density stands ofacacia, mesquite, and holly.


Greater vegetation densities are also associated with M surfaces derived from granitic source


areas south ofBlack Canyon. Soils associated with M surfaces are strongly developed with clay


textures and moderately developed calcic horizons (stage II to III) at an approximate depth of 90


cm. Soft carbonate concretions are present below about 40 cm.
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Chuckwalla Group: middle Pleistocene to early Holocene


Map units C, CI, CIa, Clb, and C2


The Chuckwalla group consists of relatively thin, broad, alluvial fans, and narrow stream


terraces. Surfaces of the Chuckwalla group are much closer to the altitude ofmodern drainages


than adjacent M and a surfaces. There typically is not substantial relief between the three units in


the Chuckwalla group (CIa, CIb, and C2). Soil development differs substantially between the


three units, however, indicating that the Chuckwalla group probably spans much of the late


Quaternary (~250 to 10 ka).


CI: middle to late Pleistocene (50 to 250 ka)


The older deposits of the Chuckwalla group consist of extensive alluvial fans and terraces.


The two subunits (C1a and C1b) differ primarily in degree of soil development and surface


color. In areas where they are indistinguishable or intricately interspersed, they are grouped


together in unit C1. C1 deposits cover much ofthe piedmont of the Black Hills west­


northwest of Cottonwood. Unit CIa locally occurs as a terrace surface carved in extensive


deposits ofMontezuma alluvium. An example of this occurs on the southern side ofthe large


fan emanating from Black Canyon in the Cottonwood and Cornville quadrangles.


CIa and C1b are both composed primarily of coarse sediments ranging from sand to large


cobbles and small boulders. The CIa surface color ranges from dull reddish brown to bright


brown (5 YR 5/4 - 7.5 YR 5/6). Soils typically have strong argillic horizons with light clay


textures and moderately developed calcic horizons (stage II to III). In general, CIa is


characterized by a relatively sparse shrub community and fairly good grass cover, but this


varies considerably with local conditions and source area lithology. Predominant plants


include prickly pear cactus, catclaw, assorted grasses. Based on the relatively strong soil


development associated with CIa surfaces, we estimate their age to be ~125 to 250 ka. Cib


surface color typically is slightly less red than CIa; soils are characterized by moderately


developed argillic horizons (clay loam textures) and relatively weak calcic horizons (stage I to


II). Cib surfaces are dominated by a relatively high-density thorn scrub assemblage including


acacia, mesquite, and holly. Based on soil development, we estimate that Cib surfaces are


significantly younger than CIa (~50 to 125 ka).


C2: latest Pleistocene to early Holocene (5 to 20 ka)


The youngest member of the Chuckwalla group (C2) includes thin alluvial fans adjacent to or


very slightly inset into older CI alluvium. C2 also includes low terraces adjacent to stream
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channels confined by higher, older alluvium or bedrock. Areas where C2 surfaces are tightly


interspersed with young stream sediments (Yp) are labeled as C2/Yp.


Unit C2 is composed primarily of coarse sediments ranging from sand to large cobbles and


small boulders. Near the Verde River at Cottonwood the composition of the C2 alluvial fans is


finer-grained and dominated by sand, pebbles, and minor silt. In the middle and upper


piedmont areas, the C2 surface is characterized by a dense thornscrub thicket including


catclaw, mesquite, and holly. Near the river, the vegetation is sparse. Much ofthe recent


development in the city of Cottonwood has been on C2 fans.


Sheepshead Group: late Pleistocene to Holocene


Map units S, SI, and S2


The Sheepshead group consists of relatively fine-grained late Quaternary alluvium eroded


from the Verde Formation. Unit S deposits consist of thin alluvial fan remnants, restricted


piedmont stream deposits, and colluvium derived from cliffs of the Verde Formation. In many


areas, unit S can be subdivided on the basis ofsoil development and relative topographic position


(units SI and S2). In areas where such distinction is not possible, the alluvium is labeled S.


Sheepshead alluvium is extensive in most of the Page Springs quadrangle, the Cornville


quadrangle between Oak Creek and the Verde River, along the flanks ofthe White Hills


throughout the map area, and in the vicinity ofHayfield Draw in the Cottonwood quadrangle


where a clay-rich unit in the Verde Formation is extensively exposed.


SI: late Pleistocene (10 to 125 ka)


The older unit of the Sheepshead group is most extensive along the foot of the White Hills in


the Page Springs quadrangle. Here the unit is fairly oxidized such that the surface color is


approximately bright reddish brown (5YR 5/8 - 5/6). The degree of reddening imparted by


soil development and weathering is uncertain because of an abundance ofred sandstone layers


in the Verde Formation in this vicinity, but the soil color is redder than that of S2 alluvium.


The unit consists of primarily relatively fine-grained sediments (clay, silt and sand) with lesser


amounts ofgravel. Because these sediments are derived from the Verde Formation, the soil is


very calcareous. Vegetation is dominated by creosote and assorted grasses of low to moderate


density.
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S2: Holocene (0 to 10 ka)


The younger unit of the Sheepshead Group includes small alluvial fans, discontinuous stream


deposits and low stream terraces adjacent to modern piedmont drainages. Along the east flank:


of the White Hills (Page Springs quadrangle) this unit is easily distinguished from S1 because


it is not as red. The surface color is grayish grayish brown to dull brown (7.5 YR 6/2 - 6/3).


S2 alluvium is typically fine-grained and consists primarily of clay, silt, sand, and minor gravel.


The soil is very calcareous due to the abundance of calcium carbonate in the source rocks.


Deeply incised, narrow arroyos are common in areas of S2 alluvium. Creosote bush and


assorted grasses are common plants; vegetation density is variable.


Verde Mix: Indeterminate age


Map unitVx


Unit designation Vx is used in areas where weathered bedrock, alluvium, and eolian materials


are essentially indistinguishable. Typically, this unit consists of a very thin mantle of


unconsolidated deposits ofuncertain origin over Verde Formation. Unit Vx is exclusively related


to the Verde Formation; it is most extensive in the Page Springs quadrangle and in the area north


of the confluence of the Verde River and OakCreek in the Cornville quadrangle. Some contacts


between Vx and Sheepshead alluvium are arbitrary because they grade together. In general the Vx


designation was reserved for interfluve areas relatively high above modern washes.


Young Piedmont Alluvium: late Holocene « 5 ka)


Map unitYp


This unit consists of modern channel deposits and low terraces along piedmont drainage


courses. It also includes small alluvial fans that have prograded onto the youngest terraces ofthe


Verde River and Oak Creek. Composition ranges from extremely coarse very near the Black Hills


(sand, gravel, cobbles, and boulders) to more fine-grained (silt, sand, gravel) elsewhere. Unit Yp


is found throughout the map area in and near ephemeral drainage courses.


Major Stream Deposits


Oxbow Terraces: early Pleistocene (0.8 to 2 Ma)


Map units OT1, OT2, OT3


Three very high and old terrace remnants are found along Oak Creek and the Verde River.


These 0 terraces were grouped together because of their topographic isolation above other
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terraces. The oldest terraces (OTl) are about 85 to 100 m (280-350 ft) above the modem river


channels; OT2 terraces range from about 55 to 70 m (180-220 ft) above the river; OT3 terraces


range from about 50 to 55 m (160-180 ft) above the river. They all likely date to the early


Pleistocene, and thus were deposited during the same general interval as the Oxbow piedmont


alluvial units.


The oldest river terraces (OTl) are about 200 m (700 ft) below the highest levels of the fine­


grained facies of the Verde Formation. Thus, OTI is almost certainly much younger than the 01


piedmont surfaces, which probably represent the highest levels of the Verde Formation. 02a


alluvial-fan remnants are at about the same altitude as OT2 near the Verde River, so they are of


similar age. 02b can not be directly correlated with OT3, but 02b is well above the level of the


next younger river terrace (MT), suggesting that it generally correlates with OT3. Terraces in the


o group are found much farther from the present courses of Oak Creek and the Verde River than


any of the younger terraces. Deposits are typically fairly thin, poorly sorted silt to gravel. Soil


development is strong, with substantial clay and calcium carbonate accumulation; locally, soil


horizons are cemented with calcium carbonate.


Montezuma Terraces: middle Pleistocene (~500ka)


Map unitMT


Montezuma terraces (MT) are still high above the modern rivers but are found in locations


relatively close to the present positions of the Verde River and Oak Creek. MT terraces are not,


however, restricted to the interiors of relatively narrow canyon reaches and in fact are often found


on bedrock shelves that line the periphery of such reaches. They are typically 25 to 30 m (80-100


ft) above the modern river channels. The Montezuma alluvial fan complex is clearly graded to the


MT near the Verde River, so they must be of equivalent age (middle Pleistocene). Soil


development is fairly strong, and deposits are typically coarse gravel facies.


Chuckwalla Terraces: middle Pleistocene to early Holocene (5 to 250 ka)


Map units CTI and CT2


Chuckwalla terraces are found in very close proximity to the present positions of the Verde


River and Oak Creek. They are of limited areal extent and are restricted to the interior of narrow


canyon reaches. The older terrace (CTl) ranges from about 12 to 18 m (40-60 ft) above modem


river channels; C1 piedmont deposits are graded to terrace CT1. CT1 thus dates to the middle to


late Pleistocene. The younger terrace (CT2) is about 6 to 12 m (20-40 ft) above modern river


channels; C2 piedmont deposits are graded to CT2 terraces, implying that CT2 terraces are of
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latest Pleistocene to early Holocene age. Typically, deposits are coarse gravel facies of relict


channels and bars and are less than 5 m thick. Soil development is moderate, with some clay


accumulation. CT terraces are fairly resistant to stream erosion and are not inundated during large


floods.


Young Terraces: late Holocene «5 ka)


Map unitYT


This unit comprises the young, relatively thin terrace deposits along the Verde River and Oak


Creek. YT terraces are less than about 6 m (20 ft) above the lowest portions ofriver channels and


are almost always found directly adjacent to the channels. The principal exception to this is at


. Peck's Lake in the Clarkdale quadrangle, where a meander of the Verde River has evidently been


cut off quite recently leaving a low area covered with late Holocene deposits. Yp piedmont


channels are graded to YT terraces in some places. YT terrace deposits are composed of two


distinct facies, a coarse gravel facies composed of abandoned channels and bars, and a fine facies


composed of sand deposited in low velocity, slack-water areas during large floods. YT deposits


are weakly consolidated and are susceptible to bank erosion, although riparian vegetation tends to


stabilize these deposits. YT·terraces have minimal soil development. We estimate that they are


less than 5 ka in all cases, and are typically tens ofyears to a few thousand years old. Most ifnot


all YT terraces may be subject to inundation during large floods.


Active Channels of Major Streams: Modern


Map unitYr


Active channel and flood channel deposits of the Verde River and Oak Creek. This unit


consists of silt, sand, gravel, and cobbles in the active channel areas of both major drainages in


this portion of the Verde Valley. Most ofthis unit is the active bed of each stream, the remainder


includes areas that convey floodwaters frequently enough to limit the development of mature


riparian plant communities (i.e. dense stands, no large trees).


Generalized Bedrock Units:


Verde Formation: late Miocene to Pliocene


Tvl: lacustrine facies: composed offreshwater limestone, sandstone, siltstone and marl This


unit is exposed throughout the map area particularly in the White Hills and along the Verde


River south of the Oak Creek Confluence. In most areas, the Verde Formation is a cliff-
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forming unit, but in areas where clay rich layers are exposed it is characterized by soft-looking


slopes and occasional badlands-type topography.


Tvg: gravel facies. alluvial fan deposits composed ofprimarily gravel and cobbles. Diverse


lithologies. This unit is concentrated along the eastern flank: of the Black Hills and occurs as


rounded, high-standing hillocks that are conspicuously gray-colored.


Tvu: undifferentiated Verde Formation. This designation is used in areas where the lacustrine


and gravel facies are interbedded or indistinguishable.


Basalt: Miocene and Pliocene


Tb:Late Cenozoic basalt flows and local sediments. This bedrock type is found scattered


through the map area. It caps Mingus Mountain and several mesas along the Mogollon rim.


Some basalt also occurs in Box canyon along the Verde River north of Clarkdale where flows


occur within the Verde Formation. The largest exposure ofTb is in the Page Springs


Quadrangle in the area between the White Hills and Oak Creek.


Sedimentary Rocks: Paleozoic


pzs: Sedimentary rocks ranging from limestone and dolomite to sandstone. These rocks are


abundantin the Black Hills west of the Verde Fault and in scattered locations in the foothills.


The largest exposures are in the Black Hills and Mogollon Rim areas north and east of


Clarkdale.


Metavolcanic Rocks: Precambrian


Xmv:Metavo1canic rocks ranging from basalt to rhyolite. These rocks are found throughout


the black hills north ofBlack Canyon


Intrusive Igneous Rocks: Precambrian


Xqd: Quartz diorite. This rock is most abundant in the Black Hills south ofBlack Canyon.


11







General Geologic Setting of the Verde Valley


The Verde Valley is one of several roughly northwest-southeast trending basins in the


Transition Zone geological province of Arizona. Structurally, it is a half-graben bounded on its


southwest margin by the Verde Fault, a high angle normal fault along which the Black Hills have


been uplifted. The Valley is bounded on the north and east by the Mogollon Rim, a prominent


escarpment marking the southern edge of the Colorado Plateau.


In the late Miocene the ancestral drainage from the Verde Valley was blocked, probably by a


combination of structural subsidence and volcanic activity at the southern margin ofthe valley


(Bressler and Butler, 1978; McKee and Elston, 1980). The absence of consistent external


drainage resulted in the deposition of the Verde Formation, an extensive and varied sedimentary


.unit composed primarily of lacustrine, fluvial, and volcaniclastic sediments and interbedded lava


flows. Concurrent with the accumulation of sediments in the middle of the basin, thick deposits of


gravel were laid down as alluvial fans by streams entering the basin from the surrounding


highlands. Deposition of the rocks in the Verde Formation lasted from approximately 8.5 to 2.5


Ma (Bressler and Butler, 1978; Nations et aI., 1981, McKee and Elston, 1980). Interbedded basalt


flows in the Verde Formation have yielded dates of 4.5 Ma, 5.5 Ma, (McKee and Anderson,


1971) and 8.3 Ma (McKee and Elston, 1980).


.The geomorphic evolution of the Verde Valley changed dramatically in the latest Pliocene.


Major stream downcutting and basin dissection was initiated when the through-going Verde River


drainage began to breach the natural volcanic/structural dam at the southeastern end ofthe Verde


Valley. This transformation occurred sometime in the latest Pliocene (Bressler and Butler, 1978;


Nations et aI., 1981). Subsequently, the geomorphology of the valley has been shaped primarily by


the long-term downcutting of the Verde River and large-scale climatic variations during the


Quaternary period.


Quaternary Geology and Geomorphology of the Northern Verde Valley


Quaternary deposits and associated landforms mapped in this study record the recent geologic


evolution of the northern Verde Valley. Quaternary deposits consist of extensive, usually thin,


alluvial fans and eroded alluvial fan remnants along the flanks of the surrounding highlands and


sediments deposited by the Verde River and Oak Creek. Each Quaternary deposit has an


associated geomorphic surface existing in some degree of preservation ranging from pristine to


degraded.


A fluvial geomorphic surface is a distinct landform resulting from the attainment and


subsequent abandonment of an equilibrium level of aggradation or degradation. The term


equilibrium refers to the condition in which a balance exists between the rate of delivery of
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sediment to a stream system and the rate of removal of sediment from the system (Bull, 1991). A


disruption in the balance may lead to either aggradation or degradation by the affected stream.


The attainment of equilibrium results in the formation of a relatively uniform, planar surface


(alluvial fan, pediment, or stream terrace) composed of, or capped by, alluvium. Abandonment of


a fluvial geomorphic surface is usually associated with incision by streams in response to changes


in the sediment and/or water discharge characteristics of their tributary drainage basins; however,


abandonment may simply occur in response to major lateral changes in stream channel positions.


The first mechanism involves a departure from equilibrium conditions and can have the most


lasting effect on the landscape through isolation of surfaces from major episodes of erosion for


thousands to hundreds of thousands of years. The stimulus for this type of change can come from


climatic change, tectonic processes, or some combination of the two. In the Verde Valley,


climatic change and the long-term tendency for stream downcutting have dominated the area's


geomorphic evolution over the past 2 million years.


Once a surface is abandoned, it is subject to erosion only from hillslope processes, small,
./


superposed drainage networks, and lateral erosion by major streams and tributaries. The long-


term preservation of a fluvial geomorphic surface depends on the resistance ofits constituent


alluvial materials to erosion, the original extent of the surface, its position relative to major


streams, and, to some degree, chance..Over time, an undisturbed surface undergoes·weathering


and soil formation. These processes continue indefinitely unless the surface is obliterated by


erosion or buried by renewed aggradation from major streams. Under ideal conditions of surface


preservation, the degree of soil development reflects the time that has elapsed since the surface


was isolated from major fluvial activity. Specific soil characteristics, such as maximum clay and


calcium carbonate contents, change progressively with time. These characteristics can be


evaluated and related to dated soils formed under generally similar climatic conditions to estimate


the surface age (Gile et aI., 1981; Bull, 1991).


The Verde River and Oak Creek are the fundamental controls on the development of alluvial


landforms in the Verde Valley because all tributaries are graded to them. The long-term tendency


of these major streams has been to downcut, possibly because of regional uplift of the Transition


Zone during the Pliocene and Quaternary (pewe, 1978; Menges and Pearthree, 1989). The pattern


of geomorphic change along these major streams must be reflected in the assemblage oflandforms


in the piedmont areas. Seven distinct levels of Verde River and Oak Creek terraces were identified


in this mapping project. These terraces and terrace remnants range in age from recent (the modern


channel and floodplain) to early Pleistocene. Seven roughly correlative levels ofpiedmont alluvial


surfaces were also identified, but correlation between terrace remnants and piedmont alluvial


surfaces is uncertain in most cases. Only in a few instances do fans clearly grade into terraces. It is
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likely that geomorphic processes in major streams and tributary piedmont drainage systems


operate on different time scales, and thus their response times vary considerably.


During the Quaternary the Verde River and Oak Creek have downcut at least 300 m (1000 ft)


into the basin fill deposits (Verde Formation) of the Verde Valley. Downcutting apparently has


been episodic, however, with river terraces representing intervals of stability or minor


aggradation. Piedmont landforms indicate that the period ofnet downcutting has included at least


one period of major aggradation during the middle Pleistocene and several periods ofbase-level


stability. At the present time, both the Verde River and Oak Creek appear to be in a downcutting


phase because of the presence ofbedrock at or very near their beds in many reaches.


Latest Pliocene-Early Pleistocene. The latest Pliocene-early Pleistocene evolution of the


Verde Valley is represented by fans and terraces of the Oxbow group. This group comprises


three distinct alluvial fan surface remnants and three distinct stream terrace remnants. These units


have been grouped together primarily because they are found at considerably higher levels than


any of the younger surfaces and their soil development is very strong.


The 01 unit represents the highest and oldest alluvial fan surface remnants in the Verde


Valley. Because of its antiquity, it has been obliterated by erosion throughout the valley except in


a few isolated 10cationsiThe 01 alluvium rests atop the coarse gravel facies of the Verde


Formation (Tvg); however, the nature of the stratigraphic relationship between these two units is


unclear. Either the 01 surface represents the depositional surface of the Verde Formation fan


facies or it is a veneer of alluvium deposited on an erosion surface carved in the Verde formation.


The altitude of 01 surface remnants is about 4800 ft above mean sea level (MSL). The highest


remnants ofthe fine-grained facies of the Verde Formation (Tvl) in the mapped area are about


4400 ft above MSL. The highest preserved river terrace remnants (OT1) are about 3700 ft above


MSL. These relationships imply that the 01 surface is substantially older than the highest


.. preserved river terrace remnants. and could have been graded to the highest levels of the Verde


Formation. They also imply that major. amounts of downcutting occurred during the latest


Pliocene to early Pleistocene.


02 encompasses two alluvial units that are at least 60 m (200 feet) lower than 01 in the upper


piedmont near the Black Hills. Extensive scattered remnants of 02a occur west of the Verde


River below its confluence with Oak Creek and in the Cornville Quadrangle, indicating that a


large, thin, fan probably associated with the Cherry Creek drainage once occupied a significant


portion of this area. Where this fan remnant is adjacent to the modern Verde River channel it is


graded to the OT2 terrace remnant. The 02 piedmont units are both thin and cap an erosion


surface carved in the Verde Formation. Field observations and aerial photo interpretation indicate
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that this unit varies in thickness from approximately 15 m (50 ft) to less than 3 m (10 ft). The 02


fans represent periods of equilibrium during a period offairly dramatic downcutting.


The distribution of 0 terraces along Oak Creek and the Verde River reveal periods of


relatively widespread lateral planation of the Verde Formation that are generally correlative to the


stable intervals represented by the 02 fan remnants. In places, OT remnants are found more than


1.4 km (1 mile) from present channel positions along both streams. The DuffFlat area in the


Clarkdale quadrangle illustrates these relationships. The distribution of OT remnants throughout


much ofDuffFlat indicates that this embayment was carved by the Verde River in the early


Pleistocene. Along Oak Creek in the vicinity of the Verde River confluence, an interesting


assemblage ofOT2 remnants depicts a former, tight meander in the channel. Below the


confluence, OT remnants are fairly widespread, but they follow the general trend of the present


channel. Deep canyons and embayments adjacent to these terraces in many places were probably


carved by the Verde River and Oak Creek during a major erosional interval in the early to middle


Pleistocene.


Early to Middle Pleistocene. The middle Pleistocene Montezuma alluvium comprises


extensive alluvial· fans·. that are the thickest Quaternary alluvial deposits inthe northern Verde


Valley. Deposition of the Montezuma alluvium represents a major period ofbackfilling following


an episode ,of relatively deep erosion into the Verde Formation. At sites where Oxbow surfaces


and Montezuma surfaces are adjacent to each other, the Montezuma surface is approximately 45


to 60 m (150-200 ft) belowthe contact between 02 alluvium and the Verde Formation. In the


Black Canyon area the Montezuma alluvium is as much as 25 m (80 ft) thick. Thus, piedmont


drainages eroded valleys as deep as 80 m after deposition of 02 alluvium ceased and prior to


deposition ofMontezuma alluvium. This implies that the Montezuma alluvium was deposited long


after the 02 surfaces were abandoned. Montezuma alluvium likely represents an interval during


the middle Pleistocene when climatic changes drastically increased the sediment supply to


piedmont drainages, resulting in a pulse of deposition that temporarily overwhelmed the long-term


tendency for downcutting.


At various sites along the Verde River and Oak Creek, M fans are graded to MT terrace


remnants. Many MT surfaces along the river south of Cottonwood and north ofthe Oak Creek


confluence that have morphological characteristics typical of terraces (and are mapped as such)


are capped by thin fan deposits. In these areas, terrace and fan deposits may interfinger, indicating


that the fan/terrace transition may have been variable over a relatively broad area, and that the


average position of the river was northeast of its current position. The continuous influx of


sediment from aggrading fans along the flank of the Black Hills was probably sufficient to push


the river northeast. This situation probably characterized all periods of aggradation along the


Black Hills piedmont.
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The general positions of the Verde River and Oak Creek were probably established in the


erosional interval separating the abandonment of the Oxbow surfaces and the deposition of the


Montezuma alluvium. The distribution of 0 terraces clearly indicates that the channels were


relatively mobile at times in the early Pleistocene; however, the distribution ofM terraces


primarily is limited to bedrock shelves lining the periphery of incised reaches of both streams. This


situation may indicate that backfilling along both streams was limited to incised reaches formed


following the abandonment of 02 surfaces, and the terrace remnants represent the highest level of


backfilling reached by each stream. Attainment of this level was probably accompanied by some


lateral planation of the Verde Formation. Subsequent incision along Oak Creek and the Verde


River was largely restricted to the alluvium filling the canyons and has re-exposed and deepened


the canyons formed in the early-middle Pleistocene.


Middle Pleistocene to Holocene. The alluvium in the Chuckwalla group represents a


prolonged period of relative base level stability along the major trunk streams. The group includes


three different alluvial units that are topographically much lower than adjacent Montezuma


surfaces. Soil development characteristics in the three members of the Chuckwalla group indicate


that there is a substantial range in their ages, yet the three surfaces are separated only by minimal


amounts ofrelief The lack of relief between Chuckwalla surfaces suggests that the middle to late


Pleistocene was an extended. period of relative base-level stability. This relative stability evidently


followed a period of fairly dramatic downcutting and valley formation that followed deposition of


the Montezuma alluvial fans. During the Chuckwalla phase piedmont streams eroded laterally and


distributed relatively thin deposits over broad portions of the piedmont.


The oldest member of the Chuckwalla group (CIa) is an erosional surface cut in Montezuma


alluvium in some places. In some locations bedrock can be seen protruding through the CIa


alluvium. The youngest member ofthe Chuckwalla Group (C2) is inset slightly into the CI units.


The relative topographic difference becomes more pronounced with proximity to the river and C2


fans taper to low terraces adjacent to .drainages incised into older fan remnants. Elsewhere, C2


fans become widespread near the river and appear to merge with CTI surfaces.


In portions of the Verde Valley small streams head in areas underlain entirely by the Verde


Formation, and the nature and preservation of Quaternary alluvial deposits (the Sheepshead


group) is considerably different from areas where streams head in areas with more diverse and


resistant lithology. The probable reasons for the major differences in the nature of the Sheepshead


deposits and the other deposits in the valley include the high erodibility of the fine-grained facies


of the Verde Formation and the distance of the source basins from the trunk streams. Many of the


small streams heading in the White Hills have relatively rugged basins, but they are very small and


quite far removed from the influence of changes along the Verde River and Oak Creek. Also, the


high erodibility of portions of the Verde Formation results in heavy sediment loads which may
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lead to lesser amounts of downcutting in the upper portions of the streams. Additionally, the fine­


grained nature of the Sheepshead alluvium is not conducive to the long-term preservation of


alluvial surfaces.


Holocene: The geomorphic evolution of the Verde Valley following the deposition of


Chuckwalla alluvium has apparently followed a trend dominated by downcutting. The only young


units that are widespread in the area are stream deposits and relatively low-lying floodplain terrace


deposits associated with the modern drainage net and the major through-going rivers. Along Oak


Creek and the Verde River, the young terrace deposits are quite extensive in wide reaches of each


stream. Some young, small alluvial fans are found in areas where small piedmont streams


debouch onto relatively flat stream terraces of the Verde River and Oak Creek. Because bedrock


is exposed in the beds of many piedmont streams and is apparently shallow along reaches of the


Verde River and Oak Creek, the late Holocene may represent the deepest level of incision reached


in the valley during the Quaternary.


Summary


The northern Verde Valley is characterized by a diversity ofgeomorphic surfaces that


document approximately 2.5 million years offluvial system response to net downcutting along the


. VerdeRiver!andmajor·changesin climate. Geomorphic surfaces along the eastern flank of the


Black Hills and along the Verde River and Oak Creek range in age from latest Pliocene to recent.


In this report, the Quaternary has been divided into four major phases of fluvial activity. (Oxbow:


early Pleistocene, Montezuma: middle Pleistocene, Chuckwalla: late-middle Pleistocene through


middle Holocene, and Post-Chuckwalla: middle Holocene to recent).


Lithologic diversity in the surrounding higWands and interior portions of the Verde Valley has


resulted in an interesting and varied landscape. Surfaces emanating from basins underlain by


volcanic and metavolcanic rocks in the Black Hills have persisted in pristine condition since at


Jeast.the early Pleistocene; in contrast, no surfaces associated with drainages underlain by the


higWy erodible Verde Formation are older than about late to middle Pleistocene.
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Digital Geologic-GIS Map of Tuzigoot National Monument, Arizona
(GRI MapCode TUZI)

Map Unit List

The geologic units present in the Digital Geologic-GIS Map of Tuzigoot National Monument, Arizona (
GRI MapCode TUZI) are listed below. Units are listed with their assigned unit symbol and unit name
(e.g., Qaf - Artificial fill). Units are listed from youngest to oldest. No description for water is provided.
Information about each geologic unit is also presented in the GRI Geologic Unit Information
(TUZIUNIT) table included with the GRI geologic-GIS data.

Cenozoic Era

Quaternary Period
Qaf - Artificial fill
Alluvial river terraces and riverwash

Qr - River wash
Qt - Terrace deposits

Qg - Gravel deposits
Verde Formation

QTv - Verde Formation, lacustrine deposits
QTvg - Verde Formation, gravel deposits
QTvv - Verde Formation, volcanic rocks

Tertiary Period
Hickey Formation

Thv - Hickey Formation, volcanic rocks
Ths - Hickey Formation, sedimentary rocks

Paleozoic Era

Permian Period
Suspai Formation

Psu - Supai Formation, upper member
Psm - Supai Formation, middle member

Permian and Pennsylvanian Periods
PPNsl - Supai Formation, lower member

Mississippian Period
Mr - Redwall Limestone

Devonian Period
Dm - Martin Limestone

Cambrian Period
Ct - Tapeats Sandstone

Precambrian
Precambrian rocks

PCg - Gabbro
PCq - Quartz porphyry
PCgg - Grapevine Gulch Formation
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PCd - Deception Rhyolite

Map Unit Descriptions

Descriptions of all geologic map units, generally listed from youngest to oldest, are presented below. 

Qaf - Artificial fill (Quaternary)

Qaf - Artificial Fill (Recent) 
Quarry and tailings features related to historic mining activity and mineral resource development. (GRI
Source Map ID 1092) (USGS Bulletin 1021-N, Plate 45). 

Alluvial river terraces and riverwash (Quaternary)

The terrace sediments were deposited by the Verde River upon its flood plain at a time when the river
had attained a temporary base level and was broadening its valley by lateral planation. Subsequent
rejuvenation of the river has resulted in cutting downward, sideward, headward, and removing the
earlier sediments except for segments, now terraces, along the flanks of the valley.

Alluvial terraces and riverwash occur mostly in and along the channel of the Verde River from a point
about 3 miles north of Clarkdale, south to where the river leaves the quadrangle. In the Packard
Ranch area where the Verde River and Sycamore Creek join, terrace deposits and riverwash are
present, but the terrace deposits are so small that they were included with the riverwash in mapping.
Along the Verde River at Perkinsville, the riverwash and the terrace deposits are differentiated.

The alluvial river terraces are 5-10 feet high and border the wide wash of the Verde River bed. The
deposits consist of a wide succession, and mixture, of unconsolidated clay, silt, sand, and gravel;
finely stratified. Most of the sediment was derived from rocks of Paleozoic age, and, locally, much of
the silt was derived from heterogeneous poorly sorted lakebeds of the Verde Formation.

The thickness of the riverwash has not been determined, however, the deposits are not believed to be
very thick. The riverwash contrasts strongly to the terrace deposits in that the wash is generally much
coarser; it consists of fine to coarse gravel, which is poorly sorted. During floods large boulders are
carried downstream, and as the floods ebb, finer sediment is deposited and fills in and around the
boulders. (GRI Source Map ID 1092) (USGS Bulletin 1021-N, Plate 45). 

Alluvial river terraces and riverwash are mapped as the following units:

Qr - River wash (Quaternary)

Qr - River wash (Recent)
No additional unit description provided. See Alluvial river terraces and riverwash description above.

Qt - Terrace deposits (Quaternary)

Qt - Terrace deposits (Recent)
No additional unit description provided. See Alluvial river terraces and riverwash description above.



MOCA and TUZI GRI Map Document19

2019 NPS Geologic Resources Inventory Program

Qg - Gravel deposits (Quaternary)

Quaternary gravel covers a small part of the area within the Clarkdale quadrangle, and is confined to
three widely separated localities. One of these is in the southwest corner where a large sheet of
Quaternary gravel forms the floor of Chino Valley. Another gravel locality is in the valley of the Verde
River. Here the gravel extends from a locality west of Clarkdale, through Clarkdale, and
southeastward into the Mingus Mountain quadrangle, where it is very extensive. The third area in
which the gravel occurs is on the southeast side of Black Mountain along the east border of the
quadrangle. Here, also, the gravel is part of a thin, alluvial veneer that extends eastward from the
quadrangle.

Thickness and Stratigraphic Relationship
The Quaternary gravel in all three localities described above occurs as an alluvial veneer on flat, but
gently sloping, pediment surfaces. The gravel ranges in thickness from a few inches to as much as 30
feet, but commonly is less than 5 feet. The pediment surfaces are trenched by channels which
increase in depth toward the Verde River. The best exposures of these gravel beds are in some of the
channels that U. S. Highway 89A crosses between Clarkdale and Cottonwood. At these localities
exposures of the carved surface of the Verde Formation beneath the gravel show the remnant of a
pediment

The gravel unconformably overlies all older formations with which they come into contact. In turn, the
gravel deposits along the Verde River have cut terraces and are covered by riverwash of Recent age,
which has collected in the drainage systems that dissect them.

Lithology

The Quaternary deposits consist of fine to coarse gravel that is subrounded, but poorly sorted and
occurs in a matrix of fine-grained sediment. The gravel beds are not consolidated, except locally
where cemented by caliche. Most of the beds contain rock types of Precambrian and Paleozoic ages
and also Tertiary basalt. Only the gravel southeast of Black Mountain is barren of Precambrian rock
types. The Quaternary gravel in the southeastern part of the quadrangle has a high percentage of
Precambrian fragments; whereas gravel in the southwest corner of the quadrangle has a high
percentage of Paleozoic fragments. The gravel beds are dark reddish brown where composed of a
high percentage of Precambrian fragments, but are gray where they consist chiefly of Paleozoic
fragments. (GRI Source Map ID 1092) (USGS Bulletin 1021-N, Plate 45). 

Verde Formation (Quaternary)

Distribution
Jenkins (1923) was the first to map, study, and describe the lakebeds in the drainage basin of the
Verde River. He assigned to these beds the name Verde Formation. The lakebeds are confined to this
basin on the west by the Black Hills; on the east and north by the deeply dissected Mogollon Rim; and
on the south by hills of volcanic rocks. The Verde Formation is a thick sequence of limy lacustrian
deposits, the areal extent of which covers more than 300 square miles, including a maximum width of
15 miles and a length of 40 miles. The northwest limits of this formation occur in the southeast quarter
of the Clarkdale quadrangle.

Marginal to, and intertonguing with the fine-grained lakebed facies of the Verde Formation is a gravel
facies. This facies extends westward from Clarkdale almost to Jerome, but northward it diminishes in
width toward the S O B Canyon area where it forms a narrow band of gravel cropping out from
beneath the fine-grained carbonate facies. Isolated patches of gravel occur near the junction of the
Verde River and Sycamore Creek. A few patches of the gravel are present on the south slopes of
Black Mountain and in the upper part of Sycamore Canyon.

The volcanic rocks of the Verde Formation consist of basalt flows interbedded with the gravel and
fine-grained carbonate rocks. Basalt flowed down Sycamore Canyon and then followed the course of
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the Verde River canyon. Remnants of this flow are exposed intermittently along the inner walls of
Sycamore Canyon. The largest continuous segment of the flow is exposed from the confluence of
Sycamore Canyon and the Verde River canyon, south along the Verde River to a point about 3 miles
north of Clarkdale, where it is concealed by younger lakebeds of the Verde Formation.

Thickness and Stratigraphic Relationship
The total thickness of the Verde Formation is not known because a complete section is not exposed.
Jenkins (1923, p. 71) reported that the log data from a well above the smelter at Clarkdale, together
with the thickness of additional beds exposed nearby at the surface, indicate a total thickness of 1,400
feet or more for this area. Also, with information from a well 2 miles south of Camp Verde at the south
end of the drainage basin of the Verde River, plus the surface exposure, he obtained a total minimum
thickness of 2,000 feet. Mahard (1949, p. 104) measured an incomplete but detailed section along the
west bank of the Verde River, 1 mile north of the smelter, which totaled 733 feet. He also measured a
section 1,040 feet thick 2 miles north of where U. S. Highway 89A crosses the Verde River. These
figures of Mahard must be increased by an unknown thickness lying below the present river level if a
complete thickness is to be calculated. Within the Clarkdale quadrangle, a little more than 1,000 feet
of the Verde Formation is exposed.

Following deposition of the Hickey Formation, a prolonged period of erosion ensued, and this was
followed by faulting and uplift relative to the areas to the west and north of the quadrangle.
Accumulation of the Verde Formation followed shortly thereafter, and it is in unconformable
relationship with all the older formations with which it comes into contact. The gravel and lava of the
Perkinsville Formation accumulated at about the same time as the Verde and they are tentatively
correlated with it. Quaternary gravel beds have subsequently formed as pediment veneers, terraces,
and river wash on the Verde Formation.

South from the junction of Sycamore Canyon and Verde River canyon, two flows are exposed along
the walls of the river gorge. The lower lava has been interpreted by Mahard (1949) to have flowed
down S O B Canyon, and the upper lava from Sycamore Canyon. Observations by the writer,
however, indicate that both flowed from Sycamore Canyon. The older flow is a single layer of basalt;
its base is at an altitude of 4,000 feet in Sycamore Canyon but descends below the present Verde
River bed opposite S O B Canyon—a drop in altitude of about 550 feet. In the mouth of Sycamore
Canyon, this older flow is about 50 feet higher than the younger, showing that Sycamore Creek cut
down its floor about 50 feet between the time of the first and second lava flows. Downcutting during
this interval may have removed all vestige of the early flow up Sycamore Canyon. The lava in S O B
Canyon is almost accordant with the underlying Supai Formation that dips about 15° E; this gives the
erroneous impression that the lava flowed down S O B Canyon. Actually it is part of the Hickey
Formation which was deformed during the period of structural adjustment which preceded deposition
of the lavas of the Verde Formation. This structure is a southern extension of a monocline which is
prominent about 11/2 miles to the north. It has been referred to by Mahard (1949, p. 122) and Jenkins
(1923, p. 70) as the "Railroad Bend Structure" (see page 578). The lava in S O B canyon is a
continuation of one of the flows of Hickey age partly covered by the Verde Formation to the
southwest.

Outside the limits of the Clarkdale quadrangle, other occurrences of lava has been reported
interbedded with the lakebeds. Mahard (1949, p. 108-118) reported two thin lava flows interbedded
with the lakebeds at a point 8 miles north of Camp Verde where the Montezuma Castle highway
follows the valley of Dry Beaver Creek. He stated that 100 feet of lakebeds separate the lower and
upper flows, which are 23 and 34 feet thick, respectively, and that they can be traced northward to
House Mountain. Jenkins (1923, p. 69) wrote that the old Verde lake was formed through the
damming of the Verde River by surface lava flows. About 6-8 miles south of Camp Verde, lava and
lakebeds are interbedded in about equal amounts.

Lithology
Most of the Verde Formation consists of fine-grained carbonate rocks including limestone, calcareous
sandstone, limy siltstone, and marl. Marginal, to, and intertonguing with these carbonate rocks that
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are interpreted as lake deposits, are gravel beds accumulated as fans along steep hills that probably
surrounded the basin. Interbedded with these two types of rock in parts of the basin are basalt flows
which are considered a part of the Verde Formation. These three rock types are described separately
below.

Fine-grained carbonate facies - The fine-grained carbonate rocks of the Verde Formation consist of
limestone, calcareous sandstone, and calcareous clay which are lenticular, and variable in proportion
from place to place. Mahard (1949, p. 104-105) concluded from studies of two sections, which lie
measured 5 miles apart, that none of the detailed units recognized in either section could be
correlated. He also noted that the uppermost beds in both sections are largely composed of
limestone. He stated

The Verde Formation is not composed of beds which were uniformly spread over wide areas but
instead is built up of thin lenses of material of varying composition, the lenses overlapping and
interfingering with one another.

Limestone is the most conspicuous lithologic type in the Verde Formation, probably because of its
normal light color and its resistance to erosion. Most of the beds are characteristically white, though
some are light gray or pink. The rock is very hard, impure, aphanitic, and vuggy. Jenkins (1923, p. 77)
suggested that the hardness probably has resulted from reprecipitation. The beds, which range from 1
to 10 feet in thickness, weather into shelves or ledges, and some cap hills. Most of the limestone beds
are argillaceous, and contain many rounded grains of quartz. Small tubelike structures, about the
diameter of a pencil, and several inches long, are present in many of the beds; these tubes closely
resemble plant stems.

Sandstone, siltstone, and marl alternate with limestone beds. These rocks are most abundant near
the margins of the formation and in the lower parts of exposures. Most of them are pinkish gray to
grayish orange. A majority of the sandstone beds are fine grained and calcareous, and most of the
grains are rounded quartz. The siltstone and marl are likewise calcareous. These lithologic types are
not as resistant to weathering as limestone. They are friable, and weather into slopes, to form colluvial
material.

Saline deposits are reported about 20 miles south of the Clarkdale quadrangle in the Verde Formation
in the vicinity of Camp Verde by Jenkins (1923, p. 73-75). He stated:

…here must have been the deepest portion of the old lake in which the strata were formed, for
here its sediments are thickest, and here deposits of salts (sodium sulfate, principally) are found
in quantities, showing that at times where the lake evaporated down to brine the only remaining
portion of the body of water was at this place.

Gravel facies - The gravel deposits are gray and consist of coarse to fine gravel, sand, and silt. Sand
and gravel both are very lenticular, and many small channels of gravel are cut throughout the sand
layers.

The lithology of the gravel differs from place to place and reflects the types of bedrock surrounding the
basin of accumulation. The gravel consists of abundant Precambrian rock fragments below Jerome,
whereas largely rocks of Paleozoic and Tertiary ages are commonly found on the south slopes of
Black Mountain. The gravel in Sycamore Canyon, beneath and above the intracanyon basalt flow, is
comprised mostly of rock types from the Mogollon Rim. The gravel is progressively much finer
towards the area of fine-grained carbonate deposits. These beds appear to have been deposited
primarily as fans, which extended into the old Verde lake, periodically interrupting accumulation of
fine-grained lake deposits. The result is an inter-fingering of gravel and lake deposits.

Gravel of the Verde Formation weathers into a loose, incoherent surface accumulation on the tops
and sides of hills, and well-preserved exposures are few. The best exposures of these deposits are
along U. S. Highway 89A between Jerome and Cottonwood, where roadcuts reveal the details of
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bedding and plainly show the interfingering relationship between gravel and lakebeds.

Volcanic rocks - Lava of the Verde Formation is basaltic rock similar to that which occurs in other
formations of the Clarkdale quadrangle. The flows are holocrystalline olivine basalt, showing inter-
granular texture. Interstitial pyroxene crystals occur as aggregates. Probably a little more secondary
interstitial calcite is found in these rocks than in other basalts. Columnar jointing is typical but there is
no evidence of pillow structure in the flows, indicating that the old Verde lake may have been dry at
the time of extrusion.

Age and Correlation
No diagnostic fossils have been found in the Verde Formation. Jenkins (1923, p. 76-77) found a few
poorly preserved gastropods, similar in appearance to some fresh-water types, which he collected
south of Black Mountain (coordinates N. 1,404,000; E. 468,500). From a collection of mollusks made
by Mahard (1949, p. 119) from the summit of a lakebed mesa, 1 mile north of the Clarkdale smelter on
the west side of the Verde River, the following genera were identified : Sphaerium sp., Lymnaea sp.,
Physa sp., Gyraulus sp., Papilla sp. Mahard stated that species of these genera indicate an
environment of submerged plants in a body of water not more than 10 feet deep. This may account for
many tubelike structures, in some of the limestone, which appear to be plant stems.

Jenkins (1923, p. 77) suggested that the Verde Formation is late Tertiary or very early Pleistocene in
age, because he considered the lava, with which the Verde Formation is associated, to be of late
Tertiary age. Mahard (1949, p. 126) similarly postulated a late Pliocene or Pleistocene age for the
Verde Formation. This is based on Robinson's (1913) conclusions that all igneous activity associated
with the San Francisco Mountain area falls within these time limits. However, as previously stated
(page 555) Robinson's dating of the earliest lava was based on invalid evidence.

The lava, which is interbedded with the lakebeds of the Verde Formation and which represents the
youngest period of volcanism recognized in the area, may be correlative with Robinson's third-period
basalt flows. Robinson (1913, p. 93-95) placed these lava flows in the Quaternary period
(Pleistocene) because of the relationship of the lava to topography and the lack of appreciable
erosion. He noted that the third-period flows followed youthful drainage courses (as shown by the lava
in Sycamore Canyon) and flowed off the plateau edge, which shows little subsequent recession.

From studies of the glaciation of San Francisco Mountain, Sharp (1942) found evidence of Wisconsin
glaciation which spread out wash later covered by third-period basalt flows of Robinson. This, of
course, dates the basalt at base of the San Francisco Mountains, but it does not show that the
Perkinsville and Verde lava flows are correlative with Robinson's third-period basalt flows. Maxson
(1950, p. 14) favored a Pleistocene age for young lava that has flowed down tributary canyons to the
Grand Canyon and cascaded down the walls of the Grand Canyon. However, it is not intended here to
conclude that all lava flows which have flowed over canyon walls or on canyon floors are Pleistocene,
but to indicate that they may be of the same general period of extrusion in this region.

The Verde Formation accumulated after the major movement of the Verde fault which elevated and
blocked out the Black Hills on the east, of which Woodchute Mountain is a part. The block faulting of
the Black Hills may have started in late Tertiary time. The geologic history following the accumulation
of the Verde Formation includes the formation of three pediment levels (Anderson and Creasey, 1957)
on the Verde Formation, and the dissection of lakebeds of the Verde by erosion so that the present
relief is now more than 1,000 feet in the area.

A tentative age assignment from late Tertiary (probably Pliocene) to Pleistocene is inferred.

Even though a precise age cannot be determined for the Verde Formation, the relative age in relation
to other formations within the quadrangle seems clear. The Verde is doubtless younger than the
Hickey, and is correlated with the Perkinsville. This correlation is based on the belief that structural
control was the cause of accumulation in both formations, and in relation to the present erosion cycle.
Both the Verde and the Perkinsville accumulated after faulting of the Hickey, and uplift of the Black
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Hills mountain block. Volcanism during accumulation is a feature common to both formations. The
lava flows of the Perkinsville which spread south over the rim of the plateau into the northern part of
the Clarkdale quadrangle, are interpreted as contemporaneous with those intercalated in the Verde.
(GRI Source Map ID 1092) (USGS Bulletin 1021-N, Plate 45).

The Verde Formation is mapped as the following units:

QTv - Verde Formation, lacustrine deposits (Quaternary)

No additional unit description provided. See Verde Formation description above.

QTvg - Verde Formation, gravel deposits (Quaternary)

No additional unit description provided. See Verde Formation description above.

QTvv - Verde Formation, volcanic rocks (Quaternary)

No additional unit description provided. See Verde Formation description above.

Hickey Formation (Tertiary)

Distribution
The Hickey Formation was named by Anderson and Creasey (1957) from exposures of lava flows and
gravel on Hickey Mountain, which is just south of Woodchute Mountain. According to Anderson and
Creasey some of the lava and gravel in Lonesome Valley on the west side of Hickey and Mingus
Mountains also are part of the Hickey Formation. The physical continuity between rocks of the Hickey
Formation in Lonesome Valley and those on the summit of Mingus Mountain is broken by the
marginal fault along Mingus Mountain. From the summit area of this mountain, the Hickey Formation
extends northward into the Clarkdale quadrangle.

The Hickey Formation in the Clarkdale quadrangle is, to a large extent, confined to the high
topographic features. Areas which structurally have been lowered and isolated from the larger
masses are exceptions. The sedimentary rocks of the Hickey Formation in the Clarkdale quadrangle
appear to be stream deposits, confined to northward- and northeastward-trending relict channels
beneath the volcanic flows. Judging from the pattern of outcrops (pl. 45) , two major channels seem to
be represented : one trends northeastward from the southwest corner of the quadrangle, and the
other trends northward from Jerome; they join near the headwaters of S O B Canyon, and extend
from there in a northeasterly direction, and pass through the west side of Black Mountain. Other minor
channels tributary to the major ones are present in many places at the base of the volcanic flows of
the Hickey Formation.

The volcanic rocks of the Hickey Formation cover the top of Woodchute Mountain and extend
southward as a capping on Mingus Mountain. On the north side of Woodchute Mountain, they occur
on the tops of ridges which radiate out from the mountain. Large patches of the volcanic rocks occur
northward from Jerome in the hanging-wall block of the Verde fault. Much of the Hickey probably
extends eastward from the Jerome area for some distance, probably as faulted segments, under the
younger Verde Formation. In the central part of the quadrangle the Hickey blankets the Antelope Hills,
and occurs as isolated remnants on both sides of the Verde River in the vicinity of Mormon Pocket.
Black and Casner Mountains are also capped with Hickey Formation. Atop the plateau it forms
outliers and parts of a broad, volcanic sheet that extends far to the north over the plateau surface.

Thickness and Stratigraphic Relationship
Regionally, the Hickey Formation is variable in proportion of volcanic to sedimentary rocks. Flows
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coalesce and interfinger with each other and with thick deposits of detrital material which accumulated
in valleys and basins. In the Clarkdale quadrangle, the Hickey Formation consists of much more
volcanic than sedimentary rocks.

The thickness of the Hickey Formation is extremely variable, owing to the fact that it accumulated on a
highly irregular surface. The quadrangle has no complete sections because erosion has removed
different amounts from the top of the formation.

The most conspicuous exposure of the Hickey Formation occurs on Woodchute Mountain. Here,
about 1,400 feet of volcanic flows occur plus about 50 feet of gravel in minor channels at the base of
the flows. In the Antelope Hills in the central part of the quadrangle, the volcanic rocks of the Hickey
Formation range in thickness from 100 to 300 feet. The thickness of the volcanic rocks of the Hickey
formation on Black Mountain ranges from almost 50 feet on the northeast side to more than 500 feet
on the southwest side. On Casner Mountain and on the part of the plateau which projects into the
northern part of the quadrangle these volcanic rocks are as much as 250 feet thick and are even
thicker to the north away from the plateau edge.

The channels containing the sedimentary rocks of the Hickey Formation range from a few feet to more
than several hundred feet in depth. The maximum thickness of the sedimentary rocks of the Hickey
Formation within the Clarkdale quadrangle is on the west side of Black Mountain along Sycamore
Canyon.

Deformation and erosion followed accumulation of the Hickey Formation so the younger Verde and
Perkinsville formations overlie it unconformably. In the southwest corner of the Clarkdale quadrangle
Quaternary gravel beds, which extend southwestward into Lonesome Valley, mask the Hickey
Formation. This gravel may represent the means by which the extensive pediment surface was
carved in the valley.

Lithology
Sedimentary rocks - The sedimentary deposits of the Hickey Formation in the Clarkdale quadrangle
are believed to be relics of former stream deposits beneath the volcanic rocks and they consist of
materials that are variable both in composition and in grain size. Also, the thickness of these deposits
within the quadrangle ranges from a few inches to about 200 feet. The gravel grades from fine to
coarse and includes some silt and sandy beds and lenses. The degree of sorting and the Formation
of bedding differ greatly. The sandy beds are well sorted and many are intercalated as lenses within
beds that contain large boulders. These rest in a matrix of unsorted cobbles, pebbles, and silt. There
are also local, well-bedded gravel beds throughout the formation. Most beds contain some angular to
sub-rounded boulders 2–4 feet in diameter, although the average diameter of the gravel probably is
2-8 inches.

The degree of consolidation of the gravel in the Hickey Formation is variable, and in many places the
gravel beds are so weakly bound together that they do not withstand weathering. Elsewhere the
gravel is well lithified with lime cement and clay matrix.

Gravel of the Hickey Formation includes lithologic representatives of the Paleozoic formations within
the quadrangle; a small amount of basaltic material derived from the penecontemporaneous Tertiary
volcanic rocks of the Hickey Formation; and Precambrian rocks that consist of quartz diorite
porphyry, Deception Rhyolite, breccia of the Spud Mountain volcanics, foliated rocks that include
hornblende schist, alaskite, aplite, quartz porphyry, and rocks that resemble those of the Grapevine
Gulch Formation and gabbro. Basaltic gravel of Tertiary age forms a minor percentage of the total
deposits. Inasmuch as the channels that contain these gravel deposits are below all the lava flows in
the quadrangle, the presence of lava among the gravel indicates that some volcanism was active in
the region to the south and east of the quadrangle before the major outpouring of lava during Hickey
time. Probably the source of the gravel was to the southwest of the Clarkdale quadrangle, although
more information on the Precambrian rocks of central Arizona is necessary before a more positive
statement can be made. Many of the gravel deposits of Precambrian rock types appear to have been
derived from sources of restricted occurrence. Anderson (oral communication, 1953) stated that
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foliates such as the hornblende schist are common in the Prescott quadrangle where the grade of
metamorphism is higher than in the Mingus Mountain quadrangle. Furthermore, he reported that
there is no alaskite and very little aplite in the Mingus Mountain quadrangle, whereas Krieger 5 has
mapped these rocks in the southeastern corner of the Prescott quadrangle. The breccia of the Spud
Mountain volcanics has been mapped by Anderson and Creasey (1957) along the west margin of the
Black Hills in the Mingus Mountain quadrangle, and Kreiger has mapped large areas of the breccia in
the Prescott quadrangle.

Volcanic rocks - The volcanic rocks of the Hickey Formation consist almost entirely of basalt flows,
but contain small amounts of detrital accumulation of basalt, andesite flows, and thin beds of
pumiceous tuff.

The individual flows range in thickness from about 20 to almost 60 feet, but probably average 40-50
feet. They are massive—although in places somewhat vesicular - and some have scoriaceous tops.
Brecciated zones consist of angular fragments and blocks of both scoriaceous and massive material.
Columnar jointing is common and is most frequently observed on steep slopes or cliffs where talus
does not obscure the tiers of the flows.
The basalt of the Hickey Formation is typically medium gray to grayish black on fresh surfaces but
weathers brown on exposed surfaces. Megascopically it is mostly porphyritic with an aphanitic
groundmass. A majority of the phenocrysts are glassy olivine, or iddingsite pseudomorphs after
olivine, but augite and feldspar crystals have been recognized in hand specimens. Under the
microscope the basalts appear completely holocrystalline. The textural varieties range from
intergranular, where interstitial augite occurs in an aggregate of grains and not in large crystals, to
subophitic, where the plagioclase and olivine crystals are separated by interstitial pyroxene and
scattered iron ores. Intergranular textures are the most common.

The mineralogy of the basalts consists of a typical olivine basalt assemblage. Minerals present are
olivine, plagioclase, pyroxene, magnetite, and some calcite. The olivine crystals are euhedral and are
porphyritic or glomerophorphyritic; olivine also is present in the groundmass. Some olivine
phenocrysts show rims, as well as whole crystals, which are altered to iddingsite, and still others are
serpentinized. The interstitial olivine in the groundmass is less altered than the phenocrystic olivine.
Plagioclase feldspar occurs as phenocrysts but more commonly is confined to the groundmass. The
plagioclase is between An60 and Ann70. The pyroxene is a greenish-gray augite with a weak purplish
tint. The plagioclase and pyroxene appear to have two distinct associations within the groundmass;
in some rocks the plagioclase feldspar is in euhedral prisms in a matrix of olivine and pyroxene,
whereas in other rocks interstitial plagioclase separates euhedral pyroxene prisms. Magnetite occurs
either as dust particles throughout the rock, or as scattered grains of coarse size. The rock is a light
gray where the magnetite is in large grains, and grayish black where the magnetite is disseminated
as fine dust. Calcite in the basalt is assumed to be secondary. 

Basalt in dikes, which are present at the base of the Mogollon escarpment just north of Henderson
Flat and on top of Packard Mesa above the Verde River, is similar in mineralogic structure and
assemblage to that in the flows. Some of the dikes also have calcite amygdules. Many dikes that are
too small to map, are present along the Jerome-Perkinsville road in the vicinity of Woodchute
Mountain.

In areas where there is little topographic relief, the basalt decomposes at the surface and forms a
thin layer of brown powdery soil. The residual soil contains abundant angular fragments and boulders
with rounded edges which were derived from the lava.

Included in the volcanic rock series are local biotite- and hornblende-bearing lava flows, which
probably are andesites but which are too small to differentiate on plate 45. Localities in which these
rocks were noted are on top of the hill at First View Pass on the Jerome Perkinsville road
(coordinates E. 432,500; N. 1,374,500), at the base of the volcanic rocks of the Hickey Formation
southwest corner of the quadrangle (coordinates E. 406,500; N. 1,371,000) and in the hill which
projects into the west boundary of the quadrangle (coordinates N. 1,371,000). Similar rocks may
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occur elsewhere among the volcanic rocks of the Hickey Formation. In the Prescott quadrangle, to
the southwest, Krieger 6 separated biotite and hornblende andesites from the upper Tertiary rocks;
large areas of andesite occur in the Paulden quadrangle.

The tuffaceous and basaltic sedimentary rocks of the Hickey formation are composed of pyroclastic
materials and of materials derived from the basalt flows, which accumulated in local depressions
during lulls of volcanism. The rocks are pale red, grayish red, and light brownish gray and are well
sorted and bedded. The detritus is nearly all basalt; it ranges from microscopic particles to pieces the
size of hickory nuts, all of which are subangular to subrounded. Locally the sedimentary rocks
contain vitric and crystal fragments. Opaline material commonly fills the interstices surrounding large
particles. A good exposure of these sedimentary rocks is in the roadcut leading to the summit of
Black Mountain on the east side. Thin wedges of rocks also are present between flow-layers on
Woodchute Mountain. They have been described by Anderson and Creasey (1957) and occur along
Highway 89A where it crosses the summit of Mingus Mountain.

A single deposit of tuffaceous sedimentary rocks, that contains largely pumice, quartz grains, and a
few scattered crystal grains of olivine, pyroxene, and unidentifiable minerals, is present in the
southwest corner of the quadrangle (coordinates N. 1,376,000; E. 407,500). This deposit is in beds
1/8-1 inch thick. They are white and gray in alternating bands which are reminiscent of varved
sediments. Most of the light beds generally are coarse grained and are composed almost wholly of
pumice fragments, but they contain some quartz grains and scattered dark minerals; all grains are
rounded to subrounded. Comparable pumice-bearing, tuffaceous sediments were recognized by
Anderson and Creasey (1957) in one small area in the Mingus Mountain quadrangle and Krieger
(written communication, 1955) has found similar beds associated with andesite in the Pauldren
quadrangle. Widespread occurrences of rhyolitic tuff are common near Prescott and farther south.

Age and Correlation
The age of the Hickey Formation is unknown because no diagnostic fossils have been discovered in
it. Kreiger and Anderson and Creasey (1957) had assigned the Hickey to the Pliocene but this age
determination is based largely on inference which can be summarized as follows : (1) Much of the
satisfactory dating of the Cenozoic basin deposits in central Arizona, which are similar to the Hickey
formation, has been made to the Pliocene epoch (Gidley, 1922 and 1926; Knechtel, 1936, p. 86-87);
(2) fragmentary antelope and llamalike camel bones found in late Tertiary (?) rocks near Prescott do
not preclude the possibility of a Pliocene age (Anderson and Creasey, 1957); (3) the complexity of
geologic events subsequent to deposition of the Hickey Formation does not favor a Pleistocene age
for the Hickey; and (4) general similarity to gravel of early Pliocene age, 20 miles south of Prescott
near Milk Creek in the Walnut Grove basin (Anderson and Creasey, 1957).

The possibility exists that gravel at the base of the Hickey is significantly older than gravel deposits
such as those in Lonesome Valley which are higher in the section. The youngest formation older than
the Hickey known in the vicinity of the Clarkdale quadrangle is the Moenkopi Formation of Triassic
age. Any gravel that accumulated between Moenkopi and the beginning of Hickey time might be
included in the basal gravel of the Hickey Formation, for there is no criterion by which they could be
separated. Price (1950a, p. 505– 507) , who studied these gravel deposits about a mile north of the
Clarkdale area in Sycamore Canyon, believed that they are probably Miocene to Pliocene in age.

Robinson (1913) recognized three general periods of volcanic activity of the San Franciscan field in
the Flagstaff-Williams area of the plateau—first period, basalt flows ; second period, andesite and
rhyolite flows; and third period, basalt flows. In the Clarkdale quadrangle, two periods of volcanism are
recognized—older basalt flows (Hickey) and younger basalt flows (Perkinsville and Verde). It is
possible that the volcanic rocks of the Hickey represent Robinson's first-period basalt flows, and that
the younger volcanic facies of the Perkinsville and Verde represent his third-period basalt flows.
Robinson (1913, p. 88) stated that some of the basalt of the third period flowed off the edge of the
plateau and reached the lower country to the south, which is precisely the relationship of the volcanic
flows of the Perkinsville and Verde formations. Robinson (p. 91-92) placed the first-period basalt in
late Pliocene. He arrived at this age determination by correlating a supposed peneplain, upon which
the older basalt rests, with a similar feature in the physiographic cycles of southern Nevada in the
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Basin and Range province. However, significant data obtained by Koons (1945) on the prelava
surface of erosion, indicates that early concepts of a buried peneplain are not supported by the facts.
Robinson's age designation, therefore, seems inconclusive.

Lake deposits of the Bidahochi Formation in the Hopi Butte Country east-northeast of Flagstaff are of
middle or late Pliocene age (Williams, 1936; Hack, 1942). Stratigraphically, this formation has been
shown to be older than the oldest lava of the San Franciscan field by Childs (1948, p. 378) who traced
a pediment which truncates the Bidahochi Formation from the Hopi Buttes to northeast of Flagstaff,
where Robinson's first-period basalt is above the pediment. He therefore suggests a very late
Pliocene or early Pleistocene age for the oldest basalt.

In the Clarkdale quadrangle evidence shows that erosion produced about 1,300 feet of relief after the
accumulation of the Hickey but before the accumulation of the Perkinsville and Verde formations. This
erosion, introduced by regional uplift, resulted in southward drainage, which generally has persisted to
the present, and this pattern was well established before the accumulation of the lava of the
Perkinsville and Verde formations. This sequence of physiographic events in relation to the general
periods of basalt flows in the quadrangle, conform to the sequence described by Robinson (1913, p.
92-95) for the Flagstaff region, Koons (1945, p. 179-189), for the western Grand Canyon region, and
to those of Maxson (1950, p. 14) from work in the Grand Canyon. Koons correlated the stages of
eruption in the Uinkaret volcanic field with the stages postulated by Colton (1937) in the San
Franciscan field, and he stated that the oldest flows antedate cutting of the Grand Canyon.
From his studies on the age of the Colorado River, Longwell (1946, p. 832) suggested that the plateau
was uplifted in late Miocene or early Pliocene time. This age is tentatively based on the fact that the
Muddy Creek Formation is the youngest formation through which the river cuts. The Muddy Creek
Formation is believed to be as old as Miocene.

The local Cenozoic volcanic history of the Clarkdale quadrangle may be correlated with the general
history of the Colorado Plateau, which is based on relationship of the lava to topography. Although the
chronology of the volcanic history is clear in each area, attempts to date these events in terms of
absolute geologic time is difficult.

The earliest series of plateau lava flows and those of Woodchute and Mingus Mountains are probably
contemporaneous, but this cannot be proved. Undoubtedly, lava from different centers coalesced with
other lava that erupted within the same general period. The location of these areas of coalescence is
unknown because of the similarity of the extrusive material from the different centers. Woodchute and
Mingus Mountains are composed of a very thick sequence of lava flows and a few interbedded
sedimentary deposits, therefore, they probably are close to a locus of extrusion.

Basaltic dikes north of Henderson Flat are considered to be feeders for the volcanic flows in the
Hickey Formation for the following reasons : These dikes are not spatially associated with the young
basalt of the Perkinsville and Verde formations which, for the most part, flowed south into the
quadrangle from the plateau. With the exception of Black Mesa southwest of Perkinsville, no centers
of eruption of the young lava flows are recognized within the Clarkdale quadrangle. In contrast, dikes
spatially associated with the volcanic flows of the Hickey Formation are common throughout the
quadrangle. The spatial relationship of dike to flow is particularly close on the Sycamore Canyon side
of Casner Mountain. (GRI Source Map ID 1092) (USGS Bulletin 1021-N, Plate 45).

The Hickey Formation is mapped as the following units:

Thv - Hickey Formation, volcanic rocks (Tertiary)

No additional unit description provided. See Hickey Formation description above.
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Ths - Hickey Formation, sedimentary rocks (Tertiary)

No additional unit description provided. See Hickey Formation description above.

Supai Formation (Permian and Pennsylvanian)

Distribution
The Supai Formation has greater areal distribution in the quadrangle than any other formation, and
presents a vast expanse of red rocks that extend from the north side of Woodchute Mountain
northward and northeastward in many places to the limits of the quadrangle. Elsewhere, the Supai is
present for the most part, as inliers or outliers except for the southeastern part of the quadrangle
where it is covered by the younger Verde Formation. The Supai Formation has a general
northeasterly dip except in the northeastern part of the quadrangle where it flattens as it approaches
the Mogollon Rim. Erosion has beveled these dipping beds so that they thin to the south and are
largely absent on Mingus Mountain south of the quadrangle.

Thickness and Stratigraphic Relationship
The Supai Formation ranges from 1,550 to 1,665 feet in thickness within the Clarkdale area. The latter
figure was determined by McKee (oral communication, 1953) from a section in Sycamore Canyon.
McKee believes that the basal 332 feet of the section is equivalent to the Naco Formation of
Pennsylvanian age, but this part is included in the Supai in this report. The 1,550 feet of Supai was
measured in a composite section from the Verde River in the vicinity of Mormon Pocket north to
Henderson Flat at the base of the Mogollon Rim. Most of the Supai, particularly the lower and upper
parts, forms cliffs, which confine examination to the few accessible canyon walls or slopes.

Hughes (1949, p. 33; 1952) measured a maximum of 1,155 feet of Supai at Black Mesa about 10
miles south of Ashfork. In the vicinity of Fossil Creek, Huddle and Dobrovolny (1945) measured 2,200
feet of Supai; this excluded the basal 470 feet which they assigned to the Naco Formation of
Pennsylvanian age. McNair, (1951, p. 530) measured a section of the Supai in Chino Valley near the
south edge of Picacho Butte; it totaled 1,052 feet.

The Supai Formation rests unconformably on the Redwall limestone. The unconformity is marked by
an erosion surface on the Redwall Limestone which shows a relief of about 15 to 30 feet in the area.
Upon this surface rests a basal limestone conglomerate and (or) chert breccia of the Supai which is
held together by a matrix of red mud. The contact is conspicuous because of the striking difference in
lithology and color between the two formations.

Overlying the Supai Formation in the Clarkdale quadrangle is the Coconino sandstone, whereas in the
Grand Canyon area the Hermit shale separates the Supai from the Coconino. The contact between
the Supai and the Coconino is intertonguing. The contact has been assigned primarily on the basis of
differences in the type of cross-bedding shown by each formation. Crossbedding in the upper part of
the Supai Formation consists of thick coextensive sandstone beds that contain one or more sets of
torrential-type cross laminae, the beveled surfaces of which are covered by horizontal beds of very
thinly laminated siltstone and fine-grained sandstone. In contrast, the Coconino sandstone is
considered to be an eolian deposit, and displays giant, wedge-shaped, crossbeds throughout its
vertical range.

McKee (oral communication, 1953), in his regional studies has recognized the problem of drawing a
boundary between the Supai and the Coconino and has arbitrarily placed the upper limits of the Supai
at the top of the uppermost flat-bedded siltstone or sandstone, and this procedure is followed through
this report.

Lithology
The Supai Formation, which is a red-bed deposit, consists of both detrital and chemical rocks. The
detrital rocks, which are the most abundant, occur chiefly as sandstone, siltstone, and shaly
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mudstone, whereas the chemically deposited rocks, which consist of limestone and chert, and are
most abundant near the base, constitute a very minor part of the formation. Such a diversity of
sedimentary rocks indicates that the formation must have accumulated in a complex environment.

The Supai Formation has been divided into members in order to interpret structure more precisely.
The subdivision of the formation into members is based on the divisions of Huddle and Dobrovolny
(1945) which include lower, middle, and upper members. McKee (oral communication, 1953),
recognized these same subdivisions in Oak Creek Canyon and elsewhere. These members are
distinctly different in lithology, color, and topographic expression. 

Lower member - The lower member of the Supai Formation ranges from 580 to 625 feet in thickness
and consists chiefly of sandstone and siltstone and minor amounts of shaly mudstone; it contains a
few limestone beds, and some chert breccia and (or) limestone conglomerate. In the lower part of the
member the beds are thinner.

Shaly mudstone is commonplace, so that the unit forms a gentle slope at the base but is increasingly
steep toward the top, as the amount of shaly mudstone decreases. Some beds crop out prominently,
other beds are concealed; the result is a stairlike slope typical of nearly flatlying beds of different
composition. The lower member of the Supai is the only one exposed south of the Verde River.
Prominent outcrops of this member north of the river make up the top of Packard Mesa, form the
clifflike walls of the inner gorge of Sycamore Canyon from its mouth almost to the northeast corner of
the quadrangle, and crop out in large areas northeast and northwest of Perkinsville, in places where
overlying Tertiary or Quaternary gravel has been eroded away.

Many beds of the lower member of the Supai are lenticular. The sandstone beds commonly are
laminated or cross laminated. They are generally fine grained and in places grade into siltstone.
Conglomerate deposits are lenticular and contain medium-gray limestone and pale-red siltstone
pebbles, which are as much as an inch in diameter. The few limestone beds in the lower part of the
member are light bluish gray to light brownish gray aphanitic to coarsely crystalline, and form
conspicuous ledges 1-6 feet thick. The siltstone is pale to dark reddish brown and thin to thick
bedded. Many beds are cross laminated. The thin beds are more friable and are a deeper red than
the thick beds.

At the base of the lower member is a conglomerate and (or) breccia zone locally as much as 15 feet
thick, which rests unconformably on the Redwall Limestone. The conglomerate consists of pebbles
and boulders of limestone, which are loosely cemented with a purplish-red and green to gray silty
shale. Many spherical to ovoid chert concretions which range from several inches to several feet in
diameter, and which show concentric banding of many colors, weather out from this zone. Some chert
fragments are present in the conglomerate, but they are rare in comparison with limestone gravel. The
conglomerate occurs in pockets, and was undoubtedly derived from the Redwall limestone with little
transportation. In other places a breccia consists entirely of chert and is dark reddish brown and
poorly sorted. It has an even upper surface. The chert fragments range from a fraction of an inch to as
much as an inch in diameter. The conglomerate is common in the vicinity of Jerome and Woodchute
Mountain. Elsewhere, in the area west of Antelope Hills, the breccia is more common.

Approximately the basal third of the lower member of the Supai, overlying the basal breccia or
conglomerate beds, is composed chiefly of siltstone, but contains some shaly mudstone. Intercalated
within this part of the member are beds of limestone conglomerate, limestone, and sandstone. This
part of the member forms a moderate slope.

The upper half to two-thirds of the basal member is comprised chiefly of sandstone, but contains thin
intercalated siltstone and some limestone beds. The bedding is thicker and more massive toward the
top of the member so that in most places this part forms a very steep slope or, more commonly, a cliff.
The upper 70-90 feet is a conspicuous sandstone unit, which is pale red to pink, very fine grained,
thick bedded, with cross laminae in the beds, partly calcareous, and cliff forming. Its surfaces weather
pale reddish brown to light brown. This massive cliff-forming sandstone contrasts sharply to the
overlying, slope-forming sequence of siltstone and conglomerate of the middle member.
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Middle member - The middle member which ranges from 250 to 300 feet in thickness, is present only
north of the Verde River; erosion has stripped it from the area south of the river. The middle member
topographically forms broad flat areas with a few gently rolling and rounded hills such as occur north
of the Mormon Pocket area and northwest of Black Mountain in the Cow and Henderson Flats. It
forms a moderate slope above the inner walls of Sycamore Canyon west of Black Mountain where
erosion is especially active. The middle member also crops out north and south of the Drake road
where it leaves the west side of the quadrangle north of coordinate N. 1,440,000; within a mile radius
circumscribing the intersection of coordinates N. 1,430,000 and E. 420,000; and north along the
course of Sycamore Canyon to where it leaves the northeast corner of the quadrangle.

The principal rock in this member is siltstone, but it is intercalated with conglomerate, sandstone, and
some limestone. The siltstone ranges in color from reddish brown to grayish red. Throughout the
member, zones of thin layers alternate with beds that are -from 6 inches to 3 feet thick. Massive
siltstone beds are relatively resistant to weathering and form weak rounded ledges. Some of the
siltstone beds are calcareous and contain nodules ; they have been traced laterally into gray
limestone.

Few of the conglomerate beds are thicker than 3 feet, although one bed at the top of the member is
nearly 10 feet in places. Probably 25 percent of the middle member consists of conglomerate beds;
the so-called "intraformational conglomerates" of the Supai. The conglomerate beds are very
lenticular and many grade both laterally and upward into siltstone. The gravel constituents of the
conglomerate include pale-brown to pale-red siltstone (some of which is laminated), and light-
brownish-gray to medium-gray limestone.

The pebbles range from y2 to 5 inches in diameter, but more commonly are an inch or less; they are
well rounded. The matrix is usually a pale-red to reddish-brown siltstone.

The sandstone is limited to perhaps three or four beds that are thick in comparison with the other
rocks of this member. The sandstone is light brown to pale reddish brown, fine grained, and generally
forms resistant, rounded ledges. Some beds are calcareous and show prominent cross lamination.
They commonly range from 5 to 10 feet in thickness.

Limestone is the least common rock type in the middle member. Only a few beds are present in most
sections. Locally a dark-pinkishgray aphanitic sandy cross-laminated limestone occurs at the base of
the member. This limestone weathers into a pitted surface and is lighter on the weathered than on the
unweathered surfaces. It wedges laterally and commonly is 1-11/2 feet thick, though in a few places it
is almost 5 feet thick.

The contact between the middle and upper members is placed at the base of the lowest reddish-
orange to light-brown friable large scale cross-laminated sandstone. The sandstone weathers into
slabs several inches thick and is typical of the sandstone throughout the upper member. Inasmuch as
the upper member is predominantly a sequence of medium- to coarse-grained sandstone, its basal
contact is prominent.

Upper member - The upper member of the Supai Formation ranges from 650 to 750 feet in thickness,
and is present only north of the Verde River. This member forms a wide peripheral band around Black
and Casner Mountains, and comprises nearly half the rocks that make up the precipitous Mogollon
Rim, which projects into the northern part of the quadrangle and extends along Sycamore Canyon
where it has been cut into the Colorado Plateau. In the northwest quarter of the quadrangle most of
the upper member of the Supai is covered by lava and gravel so that inliers of this member occur in
many of the drainage systems which traverse the beds of lava and gravel.

The contact between the middle and upper members is characterized by a sharp break in topography
and lithology. In contrast to the slope-forming, dominantly siltstone sequence of the middle member,
the upper member is a sequence of sandstone and a few interbedded siltstone beds that form cliffs,
buttresses, and pinnacles.
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This member contains about eight times as much sandstone as siltstone. The sandstone has a
distinct outcrop and color which is not readily confused with lithologic characteristics in other
members; it is dominantly reddish orange though some is light brown to moderate reddish brown.
Most of the sandstone is cross laminated on a large scale, and, the rock weathers into slabs and
plates. The sandstone beds generally are very friable and form a sandy soil. Some are calcareous
and most are medium to coarse grained. The bedding is massive; some beds measure more than 150
feet in thickness, and, commonly, include a few partings or lenses of flat-bedded siltstone. Irregular
folding due to penecontemporaneous deformation is conspicuous in the upper member at Sand Flat
(coordinates N. 1,446, 500; E. 421,200) , but was not seen anywhere else.

Intercalated in the upper member are beds of pale-reddish-brown siltstone which range from a few
feet to almost 30 feet in thickness, and probably averages 6-8 feet. The siltstone beds show irregular
wavy laminae. Cross laminae, in most places, are absent, and the horizontal bedding of the siltstone
beds is usually very noticeable where they separate strongly cross-laminated sandstone. The
siltstone weathers into rounded ledges.

The contact between the upper member of the Supai and the Coconino sandstone is difficult to
determine in places. Because there are no siltstone beds in the Coconino of other areas, and
because at close range the crossbedding in the upper member of the Supai resembles that of the
Coconino, the contact is arbitrarily placed at the top of the uppermost flat or horizontally bedded red
siltstone. However, in many places talus blocks of the Coconino sandstone conceal parts of the upper
Supai so that locally it is difficult to locate the uppermost siltstone. The Coconino sandstone is
typically buff to cream, but locally may have the same reddish color as the Supai. However, the color
boundary commonly is in close coincidence with the top of the uppermost flat-lying bed of the Supai.
The Supai has horizontal-bedding planes, throughout, whereas the Coconino has huge, sweeping
planes that separate individual wedges or sets of cross-bedding. The structures of the eolian
Coconino sandstone are on such a large scale that they have very shallow angles and are almost
horizontal in places. The low angles of these parting planes add difficulty in placing the contact on the
basis of the highest horizontal-bedding plane. From a distance, a greater length of the contact can be
observed, and the boundary at once becomes evident.

Age and Correlation
The Supai Formation, as originally defined by Darton (1910, p. 25-27) in the eastern Grand Canyon
region of northern Arizona, included about 800 feet of red sandstone and shale underlying the
Coconino sandstone and overlying the Redwall Limestone. As defined by Darton the Redwall
Limestone included rocks of both Mississippian and Pennsylvanian or Permian age, but Noble (1922,
p. 59-62) redefined the Supai Formation, assigning to it about 250 feet of red shale, purple and gray
limestone with chert and red calcareous sandstone formerly included in the Redwall. Noble also
redefined about 300 feet of red shaly siltstone and fine-grained sandstone from the top of the Supai
and assigned to it the name Hermit shale. When redefining the Supai Formation, Noble (1922, p. 62)
regarded the entire Supai as probably Pennsylvanian in age.

The Supai Formation, as now classified, is Permian and Pennsylvanian. Work by Huddle and
Dobrovolny (1945) has resulted in an attempt to define the age of the Supai Formation more closely.
They stated that the formation transgresses time lines and probably ranges in age from Des Moines
(Pennsylvanian) through Leonard (Permian). In addition, they reported that the lower member
probably ranges from Des Moines through Wolfcamp, and interfingers with the underlying Naco
Formation (Pennsylvanian). Also, they correlated the middle member of the Supai with the Abo
Formation of New Mexico and assigned it to Leonard age and possibly in part to Wolf camp age.
They assigned the upper member entirely to Leonard age and equated it with the Yeso Formation of
New Mexico.

In recent years there has been a tendency among geologists to separate beds of Pennsylvanian age
from the Supai Formation. In the Clarkdale quadrangle, however, the lack of an unconformity, the
apparent absence of fossils, and the similarity of lithology in the Pennsylvanian and the Permian
beds make this separation impractical.
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Ransome (1904, p. 44-54) introduced the term Naco for limestone of Pennsylvanian age overlying
the Escabrosa limestone of early Mississippian age in the Bisbee quadrangle. Later, the limits of the
Naco were extended northwestward from Bisbee to the Globe-Miami area of Arizona.

Huddle and Dobrovolny (1945) further extended the limits northward into the Pine-Payson area of
central Arizona, which is about 50 miles southeast of Jerome. Here, they differentiated strata of
Pennsylvanian age from the Supai Formation and referred them to the Naco Formation. The Naco-
Supai contact was placed above a sequence of gray limestone and shale beds and below a
sequence of beds consisting of sandstone, shale, and some limestone. They regarded the Naco as
of Pennsylvanian age, ranging from Lampasas to Virgil.

Jackson and Winters (whose stratigraphic work in the Fort Apache area of Arizona has not been
published but is quoted by Jackson) removed the Pennsylvanian beds from the Supai and assigned
them to the Naco. The similarity between the Permian and Pennsylvanian rocks forced these workers
to select for the contact an arbitrary plane above the highest bed containing a marine Pennsylvanian
fauna.

Winters regarded the Pennsylvanian-Permian boundary proposed by Huddle and Dobrovolny (1945)
as an arbitrary one which forms an unnatural break in a continuous rock sequence that has similar
lithology and faunal assemblages ; therefore, he assigned 410 feet to the proposed boundary.
Winters' Naco Formation has an uppermost bed of gray ripple-marked fossiliferous thin-bedded
limestone, which is overlain by gray reddish-brown claystone that grades upward into noncalcareous
siltstone and sandstone. From fusilinids present in the limestone, Winters established a Virgil age for
the upper Naco.

West of Fort Apache, where Winters had worked, Jackson 3 found fossils of Des Moines age at
Fossil Creek, in the Pine-Payson area, in the highest fossiliferous unit of the Naco. Jackson stated
that the distribution of the lithologic assemblages between the Fossil Creek and the Fort Apache
areas clearly indicate a regression of the Pennsylvanian sea toward the south and southeast as
sedimentation exceeded subsidence. He suggested also in his stratigraphic work, the name Packard
Ranch member for a subdivision of the Supai (lower half of lower member in this report) which he
could trace to the east. He stated that his Packard Ranch member becomes more calcareous
eastward and intertongues with the Naco, and is evident, therefore, that the basal part of the Supai is
of Pennsylvanian age in that area.

Gilluly, Cooper, and Williams (1954) have subsequently assigned the name Naco to a group,
subdivided into several formations. (GRI Source Map ID 1092) (USGS Bulletin 1021-N, Plate 45).

The Suspai Formation is mapped as the following units:

Psu - Supai Formation, upper member (Permian)

No additional unit description provided. See Supai Formation description above.

Psm - Supai Formation, middle member (Permian)

No additional unit description provided. See Supai Formation description above.

PPNsl - Supai Formation, lower member (Permian and Pennsylvanian)

No additional unit description provided. See Supai Formation description above.
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Mr - Redwall Limestone (Mississippian)

Distribution
The Redwall Limestone occurs sporadically throughout the south half of the Clarkdale quadrangle,
except in the southeast corner where it is entirely hidden by younger rocks. It occurs extensively along
the west margin of the quadrangle as far north as the Verde River, and in the vicinity of Jerome it
forms a peripheral band that crops out on the steep slopes around Woodchute and Mingus Mountains
to the south. Also, east of the Verde fault, the Redwall has been exposed by subsidiary faulting and
large patches of the formation crop out north of Woodchute Mountain where erosion has stripped the
overlying Supai Formation from uplifted fault blocks. The Redwall occurs along scarps of the north-
northwestward-trending faults which branch from the Verde vault in the vicinity of the Jerome area. A
small and isolated occurrence of it may be seen in S O B Canyon. Almost a continuous exposure
occurs along the entire course of the Verde River from where it enters the quadrangle on the west to
where Sycamore Creek joins it.

The only exposures of the Redwall Limestone north of the Verde River are in Sycamore Canyon,
along the scarp of the Railroad fault on the west side of Packard Mesa, and along the scarps of the
Verde and Orchard faults east and northeast of Perkinsville. The best exposures are in Sycamore
Canyon, the Verde River canyon, and in the vicinity of Jerome.

Thickness and Stratigraphic Relationship
The Redwall Limestone ranges in thickness from 235 to 285 feet within the quadrangle, but probably
averages about 250 feet. The greatest thickness in any of the five sections measured is in Haynes
Gulch in the vicinity of Jerome, where the section is 285 feet thick. The thinnest section, 235 feet, is in
S O B Canyon. The Redwall is 255 feet (incomplete section) in Little Coyote Canyon on the west side
of Woodchute Mountain about 2 miles south of the quadrangle border ; 252 feet in the Verde River
canyon (coords. N. 1,412,000; E. 423,000) ; and 241 feet in Sycamore Canyon (coords. N. 1,413,400;
E. 454,000). These data show that the Redwall Limestone is progressively thinner from Jerome
towards the northeast.

The Redwall Limestone unconformably overlies the Martin limestone of Late Devonian age, and is
unconformably overlain by the Supai Formation. The exact position of the contact between the Martin
and the Redwall is not everywhere discernible because the lowest unit of the Redwall contains
reworked sediments from the Martin and therefore resembles the Martin. The zone of reworked
material is as much as 35 feet thick in places but at other places it is absent, owing to the relief on the
Devonian surface. The contact is gently undulating and from a distance the two formations appear
conformable. The base of a massive bluish-gray oolitic limestone member, which directly overlies the
reworked residual material above the Martin Limestone, was used for mapping the contact between
the Redwall and the Martin.

The contact between the Redwall Limestone and the overlying Supai Formation is easily determined.
It can readily be observed on the east and north sides of Woodchute Mountain along the road from
Jerome to Perkinsville. The Redwall generally is a massive limestone that forms conspicuous cliffs.
The top of this limestone commonly forms a bench from which the soft red shale and siltstone of the
basal Supai Formation have been eroded. The contact is irregular; the local relief is as much as 15-30
feet in a lateral distance of 100 feet, and fragments of limestone and chert fill the hollows.

Lithology
The Redwall Limestone, which is generally a cliff-forming unit, consists chiefly of light-gray to white
aphanitic to coarsely crystalline thin- to thick-bedded limestone. It has an overall massive
appearance, which is due partly to the homogeneity of the beds but chiefly to planes of separation
between many of the beds which are so inconspicuous when viewed from a distance, that the
formation appears to be a single stratum. The limestone generally is fossiliferous throughout, though
locally beds are barren. The limestone characteristically contains solution channels and caverns,
many of which have collapsed or have been filled. Where they have collapsed, large blocks of
limestone conglomerate that fill them are cemented with a bright red, claylike sediment, which
probably is a residue from solution of the limestone. The channel-filling consists chiefly of chert
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released by solution from limestone matrix. The caverns are both vertical and horizontal in attitude;
the horizontal ones extend along the strike of the bedding. Many of these occur along the Chino
Valley-Perkinsville road where the road meanders through Wildcat Draw just outside of the west
border of the quadrangle.

Woodell (Stoyanow, 1936, p. 514), Gutschick (1943), and Gutschick and Easton (1953) have studied
the Mississippian strata in the Jerome area in detail. Woodell divided the limestone into six faunal
zones and listed the species of fossils present in each. Gutschick (1943, p. 2-5), who studied the
Redwall Limestone from the Pine-Payson area northwestward along the margin of the Colorado
Plateau to near Seligman, Ariz., divided the formation into four members. The four members as
designated by Gutschick are as follows, from the base upward: (I) A white crystalline oolitic limestone
member; (II) a fine-grained cherty porous limestone member; (III) a massive coarsely crystalline
limestone member; and (IV) a gray, micro-oolitic aphanitic limestone member. The units used in
describing the Redwall in the text of this report correspond to the members of Gutschick, but the
contact between units 3 and 4 was located in a different place. In this report it is placed at the base of
the bluish-gray micro-oolitic limestone near the top of the formation, whereas Gutschick and Easton
(1953, p. 4) placed it about 25 feet below where they believed that they recognized a disconformity.
No disconformity could be found at this horizon by the writer.

Although the four members of Gutschick were recognized during the present study, they were not
mapped separately except in a few local areas where detailed information was desired for
interpreting the structure. For this reason they are not shown on plate 45. In order to describe the
Redwall Limestone as adequately as possible, each of the four units is described separately.

Unit 1 - Unit 1 of the Redwall consists of a lower thin-bedded clastic unit that constitutes reworked
deposits of the Martin Limestone, and an upper unit that constitutes bluish-gray oolitic thick-bedded
limestone. The lower unit consists chiefly of limestone, arenaceous limestone, and calcareous
sandstone—materials which resemble many of the Upper Devonian lithologies. This unit wedges out
against topographic highs that remain on the upper surface of the Martin Limestone. As much as 35
feet of these beds has been measured in some places. The beds are very light gray and lavender to
pink; the pink results from impurities. Most of the beds in the lower part of the unit are thin, but higher
up they are moderately thick (several feet). Locally a thin zone of sandstone, partly conglomeratic, is
present at the base. The thin beds normally weather to slopes.

The upper part of unit 1 consists of massive beds of aphanitic oolitic limestone, which range from 25
to 55 feet in thickness, and is characteristically bluish gray and cliff forming. The rock generally is a
mass of conspicuous oolites, which stand out in relief on weathered surfaces.

Gutschick and Easton (1953, p. 3), stated that an unconformity which cuts out the oolitic limestone to
the north and northwest, is at the top of their member I. They believed that because of this
unconformity the oolitic limestone is not recognized in the Grand Canyon area. Huddle and
Dobrovolny (1952, p. 87), however, traced this unit laterally into a rubble breccia that consisted of
large limestone and chert blocks in a matrix of red sandy mudstone. This relationship conforms with
observations made by the writer in the Clarkdale quadrangle, and indicates that the oolitic blue
limestone unit is conformable with the overlying member, but that laterally parts of it that were
especially susceptible to solution formed in caves that later collapsed to form thick irregular breccia
zones.

Unit 2 - Unit 2, which ranges from 55 to 80 feet in thickness, is a light gray to cream fine-grained
cherty limestone. The abundance of alert in this unit is characteristic. The chert, which is white to
yellow and weathers to a rusty brown, occurs as nodules, lenses, and layers within the beds and
along the bedding planes of the limestone. Fossils are commonly preserved in the many chert
nodules. Where this unit is exposed to weathering, large blocks of chert are scattered about on the
surface. The limestone occurs as beds 2-5 feet thick, and is fine to medium grained. It is fossiliferous
though not abundantly so. This unit appears to have been especially susceptible to the formation of
caverns. These caverns have collapsed or been refilled with limestone and chert breccia.
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Unit 3 - Unit 2 is overlain conformably by unit 3. Unit 3 is a yellowish- to light-gray homogeneous
coarsely crystalline crinoidal limestone, which probably averages 100 feet in thickness. It is thick
bedded and the most fossiliferous unit of the formation. The weathered surface of the limestone is
rough as a result of its coarse crystallinity and the abundance of small crinoidal discs that it contains.
Unit 3 differs from unit 2 in grain size, color, and absence of chert.

Unit 4 - Unit 4 consists of a bluish-gray aphanitic to oolitic cliff-forming limestone that is present
nearly everywhere in the Clarkdale quadrangle except where it has been removed by pre-Supai
erosion. It averages about 40 feet in thickness, and resembles the oolitic phase of unit 1, except that
it is more aphanitic, lighter, and has smaller oolites that can be recognized only with the lens. This
unit, because of its color and its cliff-forming tendencies, forms a nearly continuous hand at the top of
the formation, visible for several miles or more.

Age and Correlation
In Arizona, rocks of early Mississippian age have been called the Redwall Limestone in the northern
part of the State and the Escabrosa limestone in the southeastern part of the State. The Redwall, as
originally defined by Gilbert (1875, p. 162, 177-186) , included rocks both older and younger than
Mississippian. Later, Noble (1922, p. 26, 54) , who made detailed studies in the Grand Canyon area,
restricted the name to strata of Mississippian age. The Escabrosa limestone was a name proposed by
Ransome (1904, p. 42-44), for the strata of Mississippian age in the Bisbee area of southern Arizona,
and this term has been widely used in the southeastern part of the State. In central Arizona, Huddle
and Dobrovolny (1952, p. 86) have shown that the two formations probably are continuous and form a
single mappable unit. In their report dealing with the Mississippian limestone of central Arizona, they
use the name Redwall Limestone.

The Mississippian strata in the Jerome area have long been referred to as the Redwall Limestone.
Ransome (1916, p. 162) reported that the faunas show close affinities with the lower Burlington (lower
Osage group). Stoyanow (1936, p. 505) stated that the Escabrosa and the Redwall Limestone
formations are not exactly taxonomic equivalents but overlap each other; he believed that the Redwall
began somewhat later than the Escabrosa. He further stated (Stoyanow, 1936, p. 514) that species
collected by Woodell in the Redwall limestone of the Jerome area indicate that the faunas range from
late Kinderhook into Keokuk and Burlington times.

Gutschick (written communication, 1955) assigned his member I to Kinderhook age and placed the
break between Kinderhook and Osage between his member I and II. He correlated his member II with
the top of the Alamogordo and the base of the Nunn members of Laudon and Bowsher of the Lake
Valley limestone in New Mexico. His member III is Osage in age and correlated with the Burlington
limestone of the Mississippi Valley. Gutschick tentatively placed his member IV in the uppermost part
of the Osage (Keokuk affinity) but felt that this did not necessarily preclude a Meramec assignment. (
GRI Source Map ID 1092) (USGS Bulletin 1021-N, Plate 45). 

Dm - Martin Limestone (Devonian)

Distribution
The Martin Limestone is limited chiefly to that part of the quadrangle which is south of the Verde
River. The most extensive exposures are along the southwest boundary of the quadrangle where the
Redwall Limestone of Mississippian age has been eroded from the foot-wall blocks adjacent to large
normal faults. In the vicinity of Jerome the Martin Limestone crops out beneath younger rocks that
compose Woodchute Mountain, and extends southward in a peripheral band around Mingus Mountain
to the south. Outcrops of this limestone also are abundant along the footwall of the Verde fault and
subsidiary faults where erosion has exposed them. Northward, between Woodchute Mountain and the
Verde River, the Martin Limestone is exposed along many of the fault scarps. It is well exposed in the
canyons of the Verde River and Sycamore Creek, and in a small area in S- O B Canyon (coords. N.
1,395,000; E. 447,400). The only exposure of the Martin north of the Verde River is in Sycamore
Canyon.
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Thickness and Stratigraphic Relationship
The thickness of the Martin Limestone, which was measured in four widely separated localities,
averages about 455 feet. It is 465 feet thick in the Mingus Mountain quadrangle, 21/2 miles south of
Coyote tank (coordinates N. 1,365,700; E. 407,500) , and in Haynes Gulch (coordinates N. 1,368,000;
E. 433,000) ; just north of Jerome, it is 441 feet thick. A section in the Verde River canyon
(coordinates N. 1,409,500; E. 427,500), west of Mormon Pocket, revealed 444 feet of Martin, and at
the Packard Ranch area in the Verde River canyon (coordinates N. 1,407,000; E. 449,400) it is 480
feet—the thickest section in the Clark-dale quadrangle.

Where there are local topographic highs on the old Precambrian surface, the Martin Limestone rests
directly on Precambrian rocks. Elsewhere, the Martin Limestone rests on the Tapeats Sandstone (?) .
Because the contact between the Martin and the underlying Tapeats Sandstone (?) appears to be
gradational, the contact has been placed arbitrarily at the base of the lowest massive limestone bed,
which locally has some sandstone lenses in its basal part. The contact between the Martin and the
overlying Redwall Limestone is unconformable. The cut surface on the Martin Limestone shows very
little relief over short distances, and has a relief that averages 10-15 feet, with a maximum of 35 feet
as observed over wide distances.

Lithology
Though Martin Limestone is the formal designation, this formation consists of limestone, dolomitic
limestone, dolomite, some limy siltstone and sandstone, and copious amounts of disseminated
argillaceous and arenaceous impurities among the carbonate rocks. The formation as a whole is
progressively darker from bottom to top as the result of an increase in impurities. The formation is
uniformly bedded and forms step like slopes. These characteristics help to easily distinguish it from
the overlying Redwall Limestone, which is more massive and lighter.

The Martin Limestone has comparatively few fossils, and the lower part of the formation seems to be
barren. The beds generally are fossiliferous towards the top of the formation, and a few are very
fossiliferous, containing abundant gastropods, brachiopods, and corals. No fossils were collected
and no paleontologic data were gathered while mapping the quadrangle.

In the Jerome area the Martin Limestone can be subdivided into four parts which may be classified
as members in detailed mapping. They do not correspond to the subdivisions of Huddle and
Dobrovolny (1945; 1952, p. 73), who arbitrarily divided the Martin farther east into three members.
The units chosen were used chiefly for structural control in this study. Although they are not
differentiated on plate 45, they are described individually and are designated from bottom to top as
units A, B, C, and D.

Unit A - Unit A includes a nonpersistent basal sandstone and a thin, bedded dark-gray dolomitic
limestone, which ranges from 20 to 50 feet in thickness. The basal sandstone, of local occurrence in
the Clarkdale quadrangle, has a uniform texture containing well-rounded and frosted grains. In
places it contains limonitic spots, which give it a "freckled" appearance. It is lenticular and seldom
more than 11/2 feet thick. This sandstone may be reworked Tapeats Sandstone (?). The overlying
ledge-forming dolomitic unit is very persistent and has uniform lithologic characteristics which make it
an excellent marker bed. Stoyanow (1936, p. 497) has noted this unit at Jerome and says that it can
be recognized at the headwaters of the East Verde River near Pine and Payson. It is also present
near Simmons, about 20 miles to the west, and probably extends northward from there.

The dolomitic limestone ranges from light brownish gray to brownish gray, and contains minor areas
of yellowish gray and pale red, visible upon close inspection. The colors appear to be locally affected
by the coarseness of grains and by the percentage of the argillaceous impurities. Acid tests indicate
that the rock is more dolomitic where it is coarse grained and more calcitic where it is fine grained.
The fine-grained areas which are lighter in color occur interstitially in larger areas of coarse-grained
material. The grain size as a whole ranges from fine to coarse, but medium to coarse sizes are
predominant. Possibly much of the coarseness is due to recrystallization.

Beds range from 1/4 inch to 3 feet in thickness, and the thinner beds alternate with the more massive
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ones. Weathering of the faces of the thicker beds has etched out textures and structures of these
rocks so that it is not uncommon to see crossbedding, channeling, and fragments of limestone in
relief on the surfaces. These features indicate that, although the carbonate materials are of
subaqueous origin, they were mechanically transported and deposited.

The massive beds which commonly are more dolomitic and coarser grained than the thin ones show
many ovoid to circular accretionary masses of white calcite. Chert occurs as nodules and lenses in
the upper few feet of the unit.

Unit B - Overlying the brownish-gray lower unit is a sequence of uniformly thin-bedded aphanitic
light-colored slightly dolomitic limestone beds which are designated as unit B. This unit generally is
homogeneous in appearance, and probably is the most prominent of the section because it is light
and is limited at top and bottom by darker units. Because of its thin bedding, this unit commonly
forms a slope. It ranges in thickness from 80 to 110 feet but averages about 85 feet.

Unit B is characteristically light gray to white on the weathered surfaces and pinkish gray on the
unweathered surfaces. Locally, one or two beds near the bottom of the unit may be dark gray. The
thickness of individual beds ranges from a few inches to several feet, and probably averages about 8
inches. The limestone beds are separated by shaly interbeds or partings as much as 3 inches thick.
On slopes the shaly mudstone is not conspicuous and may go undetected, whereas in cliffs or steep
walls, the shale interbeds are more distinct. The shale is dark gray and appears as a dark band
between the lighter beds, which emphasizes the uniform bedding of the unit. A good example of this
may be seen about 1 mile north of Jerome on the Jerome-Perkinsville road. The limestone is very
aphanitic and in most places does not show stratification on unweathered surfaces. Disseminated
sand grains stand out in relief on the weathered surfaces of some beds and locally on unweathered
surfaces. Chert is fairly abundant as nodules, lenses, and thin layers parallel to the bedding; it is in
shades of light yellow to dark gray or black, and is present in the limestone and the shale interbeds.

Within 6-10 feet of the top of the unit is a persistent sandstone bed that ranges from 1 to 3 feet in
thickness. In some places, it is so well cemented with silica that it is more nearly an orthoquartzite
than a sandstone. Chert is moderately common along this bed or zone. Some limestone grains are
admixed with quartz sand grains in a few localities. The sandstone weathers from a light rusty brown
to a darker brownish red, hence, the local name "Red Marker" has been applied. This horizon marker
has been used extensively in the vicinity of Jerome for determining offsets on faults of minor
displacement.

Unit C - Unit C overlies unit B with a distinct and abrupt lithologic change. In contrast to the
underlying unit B, unit C is much darker and coarser grained, has fewer shale partings, is thicker
bedded, and forms receding ledges. The thickness of this unit ranges from 65 to 80 feet but averages
about 70 feet. Unit C is characteristically a sequence of mottled dolomitic limestone beds. The
mottling, produced by a difference in grain size, is similar to that in the lower unit. The fine-grained
areas are pale red to grayish orange pink, and the medium-grained areas are yellowish gray to light
olive gray. The mottling appears to result from partial recrystallization. The size and shape of the
recrystallized areas is variable, but on any given surface it is generally measured in inches. The beds
range from less than an inch to about 4 feet in thickness. Stratification is not evident within most
beds. Very few thin partings of shale are present. Vugs of coarsely crystalline calcite are abundant.

Unit D - In contrast to all the other units of the Martin Limestone, each of which is uniform in
character, unit D shows the greatest variation in lithology, color, and texture. This unit includes all the
rock types of other units, in alternating sequence. Such diverse lithology produces alternating dark
and light beds which gives the unit a heterogeneous appearance. The unit ranges from 260 to 270
feet in thickness and consists chiefly of dolomitic limestone and limestone, with lesser amounts of
interbedded calcareous shaly siltstone and sandstone. The limestone is less dolomitic and more
argillaceous and arenaceous towards the top, except in the uppermost 50 feet.

For the most part, the lower fourth of unit D consists of interbedded light-gray aphanitic dolomitic
limestone similar to the limestone of unit B, light-olive-gray to dark-gray medium- to coarse-grained
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dolomitic limestone and (or) dolomite, and medium- to light-gray thin-bedded finely laminated
dolomitic limestone. Chert layers and lenses are abundant in the thin-bedded zones. The bedding
ranges from a few inches to several feet in thickness and is uniform and regular.

Above the lower fourth of the unit, the section becomes more argillaceous so that shaly mudstone
and platy siltstone become prominent lithologic types. Because much mud apparently was
introduced, the dolomitic limestone beds are contaminated with argillaceous impurities that cause a
purple to red mottling. In many places, inter-beds of purple or lavender calcareous shaly mudstone
separate these impure dolomitic beds.

A little less than half way up the unit, beds that total about 40 feet in thickness consist of alternating
thin-bedded impure slabby dolomitic limestone and purple calcareous shale. This part of the unit
forms a slope and includes most of the argillaceous impurities.

Argillaceous materials are also present, but in lesser amounts, scattered throughout the overlying
beds, except in the top 50 feet of the unit. These uppermost beds consist of grayish-orange-pink
medium-grained dolomitic limestone that is uniformly bedded and crops out in step like ledges.

A few distinctive beds in unit D merit individual attention as they constitute key or marker beds. In the
Jerome area, two beds are lithologically unique in the section. These are light-olive-gray medium- to
coarse-grained dolomitic limestone beds that contain many inclusions of fine-grained moderate red
sandstone in irregularly shaped masses which range from less than an inch to about 9 inches in
diameter. Each of these beds is 2 feet thick. They occur 40 and 50 feet respectively above the base
of the unit. Also a 7-foot massive yellowish-gray fine-grained dolomitic limestone, bearing an
abundance of solitary- and colonial-type corals, occurs 150 feet above the base of the upper unit.
This bed may be fossiliferous only locally, because in other areas the fossils could not be located. A
prominent feature in the Verde River canyon near the mouth of Sycamore Canyon, is a 3-foot ledge
of sandstone, 175 feet above the base of the upper unit.

Age and Correlation
In Arizona, Devonian strata have been referred to as the Temple Butte limestone, a name proposed
by Walcott (1890, p. 50) but used only in the Grand Canyon area in the northern part of the State; the
Martin Limestone, a name that Ransome (1904, p. 33) assigned to the Devonian rocks at Bisbee, but
which has been used mostly in the central and southeastern part of the State; and the Jerome
Formation, a name used by Stoyanow (1926, p. 316-317) for the Devonian rocks in north-central
Arizona.

Huddle and Dobrovolny (1945) demonstrated that the Martin limestone of the Globe-Miami area
probably is continuous with the Devonian strata of the Pine-Payson area and stated that "there
seems to be no reason for recognizing the Jerome Formation of Stoyanow." For this reason
Anderson and Creasey (1957) decided to use the name Martin for the Devonian rocks in the Jerome
area also. This report follows that usage.

Ransome (1916, p. 161) took a random faunal sample from a fossiliferous bed in the upper part of
the Martin Limestone at Jerome. The fauna, examined by Kindle, was assigned to Late Devonian
age.

Stoyanow (1936, p. 495-500) studied the Devonian section at Jerome and listed fossils and their
locations in the section which proved Late Devonian in age.

McNair (1951, p. 516) compared the Martin Limestone of the Jerome area with the Devonian strata
of the Grand Canyon and reported that the purple soft, crumbly, silty beds, which are more abundant
in the Martin Limestone toward the north, are also a conspicuous rock type of the Temple Butte
limestone.

The upper part of the Martin Limestone of central Arizona is of Late Devonian age, but the lower and
middle parts may be Middle Devonian, according to Huddle and Dobrovolny (1952, p. 67, 86), who
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stated that their fossil collection indicates that the Martin may contain equivalents of some of the
faunal zones of the Devils Gate Formation of Merriam in central Nevada. (GRI Source Map ID 1092)
(USGS Bulletin 1021-N, Plate 45).

Ct - Tapeats Sandstone (Cambrian)

Distribution
The Tapeats Sandstone has the smallest areal distribution of any of the Paleozoic formations in the
Clarkdale quadrangle, and the combined outcrops cover less than 1 square mile. There are five small
areas where the Tapeats is exposed as inliers in younger Paleozoic and Tertiary rocks.

Most of the Tapeats Sandstone outcrops are in the southwest corner of the quadrangle. This is due to
the regional northeast tilt, which results in successively younger rocks cropping out to the northeast.
Probably the best exposed section of Tapeats in the quadrangle is in Munds Draw (coordinates N.
1,374,000; E. 402,000).

On the east side of Woodchute Mountain above the dump of the United Verde mine at Jerome, the
Tapeats crops out between the Haynes fault and other faults of that area. Another exposure of
Tapeats is about 11/2 miles northeast of the pit at Jerome. Here it crops out in a continuous exposure
for nearly 3,000 feet in the opencuts of the Verde Tunnel and Smelter Railroad, which formerly
connected the smelter at Clarkdale with the United Verde mine (coordinates N. 1,368,000; E.
444,000).

The two other occurrences of Tapeats are in the Verde River canyon between Perkinsville and the
Packard Ranch (coordinates N. 1,410,000; E. 427,000 and N. 1,406,000; E. 450,000).

Thickness and Stratigraphic Relationship
The thickness of the Tapeats Sandstone in the quadrangle ranges from a few inches to about 60 feet.
The greatest thickness is in Munds Draw where the formation is 60 feet, although about 1 mile to the
south it is only 25 feet. The Tapeats exposed on the east side of Woodchute Mountain near Jerome
averages 50 feet in thickness. Near Packard Ranch in the Verde River canyon it is 40-60 feet,
whereas west of Mormon Pocket in the Verde River canyon (coordinates N. 1,410,000; E. 427,000), it
has a maximum thickness of about 15 feet. Nearby it wedges out and the overlying Devonian
limestone rests directly on Precambrian rocks.

The range in thickness of the Tapeats largely results from the uneven Precambrian surface upon
which it was deposited. Because of the few exposures of the basal contact of this sandstone in the
quadrangle, the relief of the underlying Precambrian surface is not well known, but in the Mingus
Mountain quadrangle to the south, Anderson and Creasey state that Precambrian topographic highs
rise into the overlying Martin Limestone in many widely distributed areas.

The Martin Limestone of Devonian age overlies the Tapeats sandstone ( ) and the contact between
them appears to be gradational. The contact has been arbitrarily placed at the base of the first
massive limestone bed which overlies yellow to green limy siltstone and marl.

Krieger (oral communication, 1953), who mapped the Paulden quadrangle (adjacent on the west),
stated that she has found a possible stratigraphic break between the Tapeats and the overlying Martin
Limestone of Devonian age.

The lithology of the Tapeats Sandstone in the Clarkdale quadrangle shows no significant deviation in
the widely separated outcrops. In nearly every exposure a basal crossbedded sandstone forms a
ledge that averages 50 feet in thickness. Above this sandstone is a sequence of weaker rocks, 10-15
feet thick, that consists of calcareous shaly siltstone and mudstone. Where the basal sandstone unit
locally is cut out against topographic highs on the old Precambrian surface, the upper shaly unit rests
directly upon the Precambrian rocks.
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The lower unit of the Tapeats is composed of medium- to coarse-grained sandstone including lenses
of granules and pebbles; the pebbles are as much as one-half inch in diameter. The unit displays well-
defined cross lamination in beds which range from a few inches to about 15 feet in thickness.
However, not all beds show cross lamination. Lenses of granules and pebbles formed as shallow, cut-
and-fill channels are relatively common. Individual laminae are well defined but adjoining strata
commonly have marked contrast. The contrasts between individual laminae give an overall
heterogeneous appearance to the unit. The sand is bonded with a siliceous-ferruginous cement which
differs in abundance from place to place. Where the iron content is low and silica high the rocks are
very hard and relatively light in color. Inversely, where the iron content is high and silica low, the rocks
are somewhat friable and are relatively dark. Most commonly, however, the rocks are very
ferruginous, which makes the unit appear a dusky red to dark reddish brown; the predominant color is
reddish brown. The sand grains, granules, and pebbles in the Tapeats consist chiefly of jasper,
quartz, and chert, with subordinate amounts of feldspathic and unidentified dark minerals.

The upper unit of the Tapeats Sandstone consists of shaly siltstone and mudstone. This unit is very
thin bedded and weathers to a slope, in contrast to the ledge-forming unit below. It ranges in
thickness from 10 to 15 feet. Dark-reddish-brown slightly fissile mudstone in beds 5 feet thick, rest
directly on the basal sandstone unit. Structureless siltstone, in beds 2-3 inches thick, is intercalated
among them. The lower reddish-brown beds grade upward into lighter rocks that range from shades
of yellowish gray and pale olive to dusky yellow. The lighter beds are slightly calcareous structureless
mudstone and siltstone and are separated by fissile shale partings 1-6 inches thick; these shale
partings are light green and dark red. The bedding appears to be irregular but individual beds cannot
be traced readily because this unit is poorly exposed. Some thin sandstone beds are at the top of the
Tapeats in a few places but are not everywhere present where the Tapeats (?) is exposed throughout
the quadrangle. Some siltstone beds in the upper unit of the Tapeats Sandstone are very micaceous.

The basal sandstone of Paleozoic age in the Clarkdale quadrangle appears to be gradational upward
into the Martin Limestone of Devonian age, as it does in the Mingus Mountain quadrangle, but it also
appears to be the stratigraphic equivalent of the Tapeats Sandstone of Cambrian age in the Grand
Canyon.

The strongest evidence in support of a Devonian age for the Tapeats (?) is the gradation into,
conformity with, the overlying Martin Limestone. However, this may be more apparent than real in the
light of Krieger's recent investigations (oral communication, 1953) where she has found a possible
break above the Tapeats in the Paulden quadrangle, which adjoins the Clarkdale quadrangle on the
west. The area of Tapeats (?) which Krieger mapped is only a few miles from the Tapeats Sandstone
at Simmons (fig. 70) . McNair (1951) traced the Tapeats from the Grand Canyon south and eastward
to Simmons. McKee (written communication, 1953) has found many Cambrian trilobites in the shales
overlying the Tapeats at Juniper Mountain (Camp Wood quadrangle) and stated that from there to the
Clarkdale quadrangle, exposures are fairly continuous along the north side of Chino Valley. Less
significant reasons for considering the basal sandstone of the Paleozoic as Tapeats Sandstone of
Cambrian age are based partly on its stratigraphic position and partly on litho-logic similarity to known
Tapeats.

No new evidence on the age of the Tapeats (?) was found in the Clarkdale quadrangle; this report,
therefore, follows Anderson and Creasey (1957) who, because of the lack of a positive age and
because the term Tapeats had been previously used, preferred to continue using Tapeats, but
appended a query to express uncertainty. (GRI Source Map ID 1092) (USGS Bulletin 1021-N, Plate
45). 

Precambrian rocks

Distribution
The Precambrian rocks in Arizona are divided into two major systems, older Precambrian and
younger Precambrian (Butler and Wilson, 1938, p. 11; Anderson, 1951, p. 1333). Only the older
Precambrian rocks are present in the area of this investigation.
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The Precambrian rocks in the Clarkdale quadrangle were not studied in detail by the writer. The
subdivisions and names (pl. 45) are those used by Anderson and Creasey (1957) in their report on
the Jerome area except for the Spud Mountain volcanics in the southwest corner of the quadrangle,
which were identified in the field by Anderson.

The Precambrian rocks comprise metamorphosed volcanic and intrusive formations. The volcanic
rocks are subdivided into the Spud Mountain volcanics, the Deception Rhyolite, and the Grapevine
Gulch Formation; the intrusive rocks are gabbro and quartz porphyry. Although all the Precambrian
rocks have been altered by regional metamorphism, and, around the ore deposits at Jerome by
hydro-thermal alteration, Anderson and Creasey were able to determine their original nature and to
map each separately. The Deception Rhyolite is a fine-grained compact rock that is commonly
porphyritic and contains phenocrysts of quartz and feldspar. The Grapevine Gulch formation consists
of fine- to medium-grained tuffaceous sedimentary rocks. The Spud Mountain volcanics comprise
andesitic breccias and tuffaceous rocks; the breccias are characterized by large equant sanssuritized
crystals.

The quartz porphyry consists of relict phenocrysts of quartz in a matrix now altered to quartz and
sericite. The gabbro is a dark granular rock containing hornblende and saussuritized plagioclase. The
quartz porphyry is older than the gabbro, and both intrude the volcanic formations.

The reader is referred to the report on the Jerome area by Anderson and Creasey (1957) for the
detailed geology of the Precambrian rocks.

Unconformity at the Base of the Paleozoic Rocks
The base of the Paleozoic rock sequence is separated from the older Precambrian basement
complex by a conspicuous unconformity. The horizontal to mildly diping [sic] Paleozoic cover rests
upon a surface of acutely deformed Precambrian rocks which were intruded by igneous bodies.

The erosional surface on the older Precambrian rocks in the quadrangle appears to be one of very
low relief, although not much is known about it because of the few exposures. The basal sandstone of
Paleozoic age which rests on this surface is locally absent because of minor topographic highs that
rise as much as 50 feet above the general level. Elsewhere in the Mingus Mountain area scattered
hills of the older Precambrian rocks are as much as 400 feet above the normal surface.

Paleozoic Sedimentary Rocks
Except in the southwest corner, the Clarkdale quadrangle contains rocks of Paleozoic age, and in
most parts, they are exposed; In the southeast and northwest corners of the quadrangle these rocks
are partly concealed by Cenozoic deposits. The total thickness of the Paleozoic rock sequence is
about 3,350 feet, and the ages of the rocks range from Cambrian to Permian. The Paleozoic rocks
dip, in general, about 8°-10° NE. in much of the quadrangle, but they are horizontal in the Colorado
Plateau in the northeast corner of the quadrangle. Recent erosion has beveled the inclined strata, so
that the older formations crop out in the southwestern part of the quadrangle, with successively
younger formations cropping out to the northeast.

In the southern part of the quadrangle, the Paleozoic rocks crop out around the margins of
Woodchute Mountain, and in the northern part, they are conspicuously displayed in the precipitous
cliffs of the Mogollon Rim, which marks the south edge of the Colorado Plateau. In the middle part of
the quadrangle they crop out in a series of northwestward-trending ridges, locally accentuated by
faults of similar strike. (GRI Source Map ID 1092) (USGS Bulletin 1021-N, Plate 45).

Precambrian rocks are mapped as the following units:
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PCg - Gabbro (Precambrian)

No additional unit description provided. See Precambrian rocks description above.

PCq - Quartz porphyry (Precambrian)

No additional unit description provided. See Precambrian rocks description above.

PCgg - Grapevine Gulch Formation (Precambrian)

No additional unit description provided. See Precambrian rocks description above.

PCd - Deception Rhyolite (Precambrian)

No additional unit description provided. See Precambrian rocks description above.

Geologic Cross Sections

The geologic cross sections present in the Digital Geologic-GIS Map of Tuzigoot National Monument,
Arizona (GRI MapCode TUZI) are presented below. Cross section graphics were scanned at a high
resolution and can be viewed in more detail by zooming in (if viewing the digital format of this
document).

Cross Section A-A'

Extracted from: (USGS Bulletin 1021-N, Plate 45).

Cross Section B-B'

Extracted from: (USGS Bulletin 1021-N, Plate 45).

Cross Section C-C'

Extracted from: (USGS Bulletin 1021-N, Plate 45).
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Cross Section D-D'

Extracted from: (USGS Bulletin 1021-N, Plate 45).

Cross Section E-E'

Extracted from: (USGS Bulletin 1021-N, Plate 45).

Cross Section F-F'

Extracted from: (USGS Bulletin 1021-N, Plate 45).

USGS Bulletin 1021-N, Plate 45 Source Information

Lehner, Robert E., 1958, Geology of the Clarkdale Quadrangle: U.S. Geological Survey, Bulletin
1021-N, Plate 45, scale 1:48,000 (GRI Source Map ID 1092).
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Correlation of Units

Extracted from: (USGS Bulletin 1021-N, Plate 45).
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Map Legend

Extracted from: (USGS Bulletin 1021-N, Plate 45).
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Stratigraphic Section

Extracted from: (USGS Bulletin 1021-N, Plate 45).

Report

The report for the Geology of the Clarkdale Quadrangle, Arizona is presented below.



MOCA and TUZI GRI Map Document47

2019 NPS Geologic Resources Inventory Program

Bulletin 1021-N

The report contains the following sections:

Abstract
Introduction
Geography
General Geology
Physiography
Geologic Structure
Geologic History
Mineral Resources
Literature Cited
Index




Geology of the 
Clarkdale Quadrangle 
Arizona


GEOLOGICAL SURVEY BULLETIN 1021-N











A CONTRIBUTION TO GENERAL GEOLOGY


GEOLOGY OF THE CLARKDALE QUADRANGLE, ARIZONA


By ROBERT E. LEHNER


ABSTRACT


The 15-minute Clarkdale quadrangle is in north-central Arizona, in Yavapai 
and Coconino Counties. It was mapped in 1952 and 1953 to determine the 
stratigraphic and structural setting, and the depth of sedimentary cover in the 
area north of the Precambrian massive sulflde copper deposits at Jerome, Ariz.


The quadrangle includes three major topographic divisions. Part of the 
Colorado Plateau projects into the northern limits of the quadrangle and is 
bounded by an abrupt cliff referred to as the Mogollon Rim. Part of the Black 
Hills (Woodchute Mountain) extends into the south edge of the quadrangle. In 
the area between, low cuestalike hills are traversed by the Verde River, which 
follows a meandering course through the quadrangle from the west-central 
boundary to the southeast corner.


The stratigraphy includes Precambrian rocks which crop out in small areas 
chiefly in the vicinity of Jerome and in the southwest corner of the? quadrangle. 
They are overlain unconformably by a thin unit the Tapeats sandstone (?) 
(Cambrian). Upon the Tapeats (?) rests the Martin limestone (Upper Devonian) 
with seemingly conformity, which in turn is overlain unconformably by the 
Red wall limestone (lower Mississippian). The Red wall is overlain uncon­ 
formably by the Supai formation (Pennsylvanian and Permian), here subdivided 
into three members. Above the Supai in normal stratigraphic succession are 
the Coconino, Toroweap, and Kaibab formations (Permian); the only uncon­ 
formity occurs between the Toroweap and Kaibab. Mesozoic rocks are not 
present in the quadrangle.


Lava, gravel, carbonate lakebeds, and alluvium overlie considerable areas 
of the Paleozoic rocks. The lava and associated gravel beds are separated-by 
structural and physiographic features into two ages: Pliocene (?) (Hickey for­ 
mation) and Pliocene (?) to Pleistocene (?) (Perkinsville and Verde formations).


The structural features of the quadrangle, disregarding the Precambrian, 
belong to two general periods; an early period (late Triassic, Cretaceous, or early 
Tertiary age) which predates the Hickey formation (Pliocene ?), and a late 
period (late Tertiary or Quaternary) which postdates the Hickey. An uplift 
of the region to the southwest occurred in the early deformation and thereby 
tilted the Paleozoic strata producing a regional dip to the northeast of about 8°. 
Some normal faulting accompanied this early deformation. Erosion then beveled 
the tilted strata so that the oldest rocks are exposed in the southern and south­ 
western part of the quadrangle. The youngest rocks crop out to the northeast. 
During the Pliocene (?), the early lava flows of the Hickey formation were ex-
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truded throughout most of the area. After this extrusion, the late and strongest 
deformation occurred; it consisted principally of normal faults accompanied by 
slight rotation of the individual fault blocks and uplift of the Colorado Plateau. 
Also, local monoclinal folding took place. It was at this time that the Black 
Hills were blocked out by marginal northward- and northwestwardftrending 
faults. This late faulting also caused the reversal of the drainage which pre­ 
viously had been to the north.


The Verde formation, which comprises lava, lakebeds, and gravel, accumulated 
ifl'.a-basin on the east side of the Black Hills. At the same time lava and, gr,avel of 
the Perkinsville formation accumulated north and northwest of the Black Hills.


Pediment gravel of Quaternary age is present in the southeastern and eastern 
parts of the quadrangle. Recent river terraces and riverwash are present in parts 
of the valley of the Verde River. . .


The well-known copper, deposits of the Jerome district have been the chief 
mineral resource in the quadrangle, but the deposits are mined out. The only 
commodity commercially exploited now is building stone which is quarried from 
the upper member of the Supai and from the Coconino sandstone in the northern 
part of the quadrangle. : .


INTRODUCTION


. The study of the Clarkdale quadrangle was made by the U. S. 
'Geological Survey to obtain the regional setting of the.important 
copper mines at Jerome, to obtain more data about the structure north 
of Jerome, and to gather information on the thickness of the Paleozoic 
cover over the Precambrian rocks which are host rocks for the ore 
deposits at Jerome. In May 1951, about 12 square miles of the Clark­ 
dale quadrangle centering around the mines at Jerome were mapped 
as part of the study of the Jerome area (Anderson and Oeasey, 
1957).


PREVIOUS WORK


: Much of the previous work in the area has been concerned with the 
local geology of the ore deposits centering around Jerome. Because
this report is confined largely to the regional geology, only references 
related to regional problems are considered.


Early work in the area was of a stratigraphic nature, and Ransome
(1916) wrote a brief description of the stratigraphic section around
Jerome with notes on the stratigraphy between Jerome and Payson. 


Reber (1922) after years of experience and observations in the dis­ 
trict wrote an excellent description of the geology and ore deposits 


of ;the Jerome area.
During part of his reconnaissance mapping for the Arizona Bureau


of Mines, Jenkins (1923) was the first to study and map the Verde 
.formation in the valley of the Verde River and to report a detailed 
account of these deposits.


The first published map of the area accompanied Lindgren's report 
(1926) on the Jerome and Bradshaw Mountains quadrangles. The
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map was very generalized and the report was primarily concerned 
with the mines and prospects and did not treat the regional geology 
in detail.


Stoyanow (1936) studied the Devonian strata in the Jerome area 
as a part of a regional correlation study of the Paleozoic formations 
in Arizona. A similar study was made on the Redwall limestone in 
the Jerome area by Gutschick (1943).


Mahard (1949) made a comprehensive study of the late Cenozoic 
chronology of the upper valley of the Verde River, which included 
primarily the geologic history of the valley.


Aerial mapping in Sycamore Canyon just north of the Clarkdale 
 quadrangle by Price (1950a) revealed evidence of a northward-flow­ 
ing drainage before the early basaltic eruptions on the plateau. Price 
(1950b) also mapped the Kaibab limestone and the Moenkopi forma­ 
tion (Price, 1949) which proved to be one of the southernmost occur­ 
rences of the Moenkopi in Arizona.


The most recently published work which concerns the area, in part, 
is that of McNair (1951), who extended his previous Paleozoic 
stratigraphic studies in northwestern Arizona into the Jerome area. 
He believed that the basal sandstone of Paleozoic age is Devonian 
and related to the Martin limestone rather than the Tapeats sandstone 
of Cambrian age.
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GEOGRAPHY


LOCATION, CULTURE, AND ACCESSIBILITY


The Clarkdale quadrangle lies mostly in Yavapai County, central 
Arizona, but includes an area in Coconino County along the north 
boundary. It is bounded by parallels 34°45' and 35° and meridians 
112° and 112°15 / and covers about 245 square miles (fig. 70).


The principal towns in the quadrangle are Jerome and Clarkdale. 
Jerome is on the steep east slope of Woodchute Mountain near the 
center of the south boundary of the quadrangle where the United







514


Figure 70. Index map of area.


Verde and United Verde Extension mines are located, The economy
of Jerome depended upon mining, but today the mines are closed. The


population of the town decreased steadily after the United Verde
Extension mine closed in 1938, and rapidly after the United Verde 
mine closed in February 1953. At present (1953), Only a few families
remain, and the town already has acquired the title of "the largest 
ghost town in the West." Clarkdale, whicn is 4 miles east-northeast 
of Jerome in the valley of the Verde River, is owned and controlled 
by the Phelps Dodge Corp. The town grew around the smelter and
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concentrator for the United Verde mine, and when the smelter was 
closed in June 1951 the population of Clarkdale decreased. The con­ 
centrator, however, remained active until February 1953 for milling 
copper-zinc ore.


Sparsely inhabited areas are present in the quadrangle. These 
areas include the small settlement called Centerville, 1 mile south of 
Clarkdale, which grew as a result of the smelter activity at Clark­ 
dale. Another small settlement is Tapco which is associated with the 
generator plant of the Arizona Power Co. and is about 1 mile north 
of Clarkdale. Perkinsville comprises the small group of houses clus­ 
tered along a branch of the Atchison, Topeka, and Santa Fe Railway 
on the north side of the Verde River in the west-central part of the 
quadrangle. The economy of this sparsely populated community de­ 
pends upon ranching, farming, and railroad maintenance work.


Many Indian ruins are present within the quadrangle and the larg­ 
est of these has been preserved and made into a national monument  
the Tuzigoot National Monument about 1% miles east of Clarkdale. 
The museum located at the ruins contains several pieces of copper ore 
which were probably used by the Indians for pigments to color their 
garments and bodies. Other ruins in the quadrangle include a cave 
and pueblo site at Perkinsville; many pueblos and a few caves in the 
Sycamore Basin country in the northeastern part of the quadrangle; 
and a small cliff-dwelling in the east wall of Sycamore Canyon, about 
2 or 3 miles above its mouth.


A branch line of the Atchison, Topeka, and Santa Fe Railway 
connects Clarkdale with Drake which is west of the area mapped 
(fig. 70). From Clarkdale the railroad follows the Verde River across 
most of the quadrangle. Clarkdale is connected to Jerome by the 
Tunnel and Smelter Railroad which formerly carried ore from the 
mine to the smelter. Since the mine closed this railroad has not 
operated.


Jerome is on U. S. Highway 89A, which connects Flagstaff and 
Prescott (fig. 70). This highway is the only paved road in the area. 
An improved dirt road connects Jerome, Perkinsville, and Williams, 
which is to the north on U. S. Highway 66. An improved dirt road 
connects U. S. Highway 89 near the town of Chino' Valley with 
Perkinsville, and a graded road about 5 miles north of Perkinsville 
connects the Perkinsville-Williams road with U. S. Highway 89 to 
the west near Drake.


In this report, a 10,000 foot grid based on the Arizona (Central) 
rectangular coordinate system is used for some localities within the 
quadrangle. This grid is shown on plate 45.


420029 58
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PHYSICAL FEATURES


The Clarkdale quadrangle includes a representative part of the 
"mountain region" which extends northwest-southeast through central 
Arizona and a representative part of the "plateau region" which ex­ 
tends over the northern and northeastern parts of the State, as de­ 
fined by Ransome (1904, p. 14-15).


The "mountain region" in the area mapped is limited to the south- 
central part of the quadrangle where Woodchute Mountain is a part 
of a short south-southeastward-trending range known as the Black 
Hills. The Black Hills are characteristic of the mountain region 
where short and generally parallel ranges are separated in part by 
intermontane valleys filled with deposits to unknown depths. Flank­ 
ing the Black Hills on the east is the valley of the Verde River and 
on the west are Lonesome and Chino Valleys.


Woodchute and Mingus Mountains just south of the quadrangle 
are the highest mountains in the Black Hills, and both are capped with 
lava and are mesalike. The summits are relatively flat, and steep to 
vertical cliffs surround their margins.


Northward from the base of Woodchute Mountain, an expanse of 
relatively low hills extends about 6 or 7 miles to where the meander­ 
ing Verde River has cut a deep gorge into the rocks.


The great erosion scarp that marks the south margin of the Colorado 
Plateau is 5-8 miles beyond the river. It is almost 1,800 feet high, and 
is often referred to as the Mogollon Rim. This rim is serrate in out­ 
line as a result of youthful streams cutting steep-walled canyons back 
into the tableland, and at places severing parts of the plateau from 
the main mass to form outlying mesas such as Black Mountain in the 
east-central part of the quadrangle. The surface of the plateau ex­ 
tends northward and IS relatively flat, forming an even skyline, except 
locally where volcanic mountains such as San Franoiaco and Bill 
Williams Mountains interrupt this regularity,


The maximum relief of 4,516 feet in the area is from the summit
of Woodchute Mountain, which has an altitude of 7,834 feet, to the 
bottom of the Verde River in the southeast corner of the quadrangle, 
which has an altitude of 3,318 feet. The summit of Casnor Mountain 
which is in the northeastern part of the quadrangle is 6,500 feet above 
sea level and is the highest part of the plateau in the quadrangle. The 
surface of the relatively low but dissected area between the plateau 
and Woodchute Mountain, slopes toward the Verde River, and has a
relief of about 500 feet; tho altitude ranges from 4,500 and 5,000 feet. 


The Verde River is the only large perennial stream in the quad­ 
rangle, The river enters the west-central part of the quadrangle, 
flows in a meandering easterly and southerly direction, and exits at 
the southeast corner of the quadrangle. Sycamore Creek, which is
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the major tributary of the Verde River, is perennial in the lower 
4 miles of its course; the flow is sustained chiefly by Summers spring.


CLIMATE AND VEGETATION


The climate of the area -is arid "to semi'arid. Weather dataware 
available for Jerome, which is at an altitude of 5,250 feet, and for 
Clemenceau, which is iii the Galley of the Verde River 0.7 mile south 
of the quadrangle boundary at an altitude of 3,460 feet.


The average annual temperature of Jerome is 60°F; the average 
daily minimum temperature is 48.9°F; and the average daily maxi­ 
mum temperature is Yl.2°. The summer and winter temperatures of 
Jerome are lower than those at Clarkdale or Clemenceau because of 
the difference in altitude. The higher altitudes of the summit areas 
of Woodchute Mountain and the plateau result in cool summers and 
cold winters in those places.


Average temperature, in degrees Fahrenheit


City


Clemenceau ________________
Jerome.. _________________ .


Length of 
record, 
in years


16
39


January


44.3
42.3


July


84.0
78.8


Maximum


110
105


Minimum


9
7


The precipitation averages reveal two seasons of precipitation dur­ 
ing the year one in the summer, the other in the winter. The sum­ 
mer rains begin in late June or early July and last through August. 
August usually is the wettest month of the year, and June normally is 
the driest. The summer rains are local sliowers or thunderstorms, 
which form quickly and result in sudden downpours that cause torren­ 
tial .steamflows.. Along the Mogollon Rim, the prevailing westerly and 
southwesterly winds of the desert regions cool as they rise and cause 
considerable precipitation. In this area precipitation is high com­ 
pared with that of the State as a whole.


Average precipitation, in inches


City


Clemenceau..


Length 
of 


record, 
in 


years


16 
39


. Monthly


Jan.


0.95 
1.86


Feb.


1.12 
2.11


Mar.


0.66 
1.70


Apr.


0.72 
.98


May


0.27 
.51


June


0.24 
.36


July


1.38 
2.79


Aug.


1.80 
2.93


Sept.


1.70 
1.42


Oct.


0.61 
1.13


Nov.


0.77 
1.33


Dec.


1.07 
1.67


An-' 
nual


11.29 
18.79


During the winter February is the wettest month. Snowfall is 
normal above the 5,000 foot altitude and much snow accumulates on 
the summit area of Woodchute Mountain and on the plateau. At the
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6,000-foot altitude it frequently attains depths of %-2 feet; at the 
7,000-foot altitude, 1^-3 feet. Little snow falls at Jerome, and prac­ 
tically none in the valley of the Verde River.


Vegetation in the Clarkdale quadrangle shows effects of the wide 
range in altitude and the resulting climatic conditions. This vegeta­ 
tion (Humphrey, 1950; Little, 1950) is typical of the Upper Sonoran 
zone and may be grouped into four types: pine forest, pinyon-juniper 
woodland, chaparral, and grassland. The zones or belts of these 
principal types of vegetation are not sharply limited but blend into one 
another, and the precipitation, altitude, type of soil, and many other 
factors regulate the distribution of the vegetation types.


The pine forest is restricted to the higher altitudes, commonly above 
6,000 feet. The ponderosa pine (Pinus ponderosa) , also called western 
yellow pine, is the most abundant tree of this forest and occurs on the 
summits of the Black Hills and on the plateau to the north. Within 
the pine forest, near its lower limits, are small but compact thickets 
of Gambel oak (Quercus gambeli) and New Mexico locust (Robinia 
neomexicana). Some maple trees are also found in the canyons of 
Woodchute Mountain along the lower fringes of the pine forest.


The pinyon-juniper woodland type of vegetation covers more of 
the quadrangle than does any other. It extends from the foothills of 
Woodchute Mountain northward across the Verde River to the base 
of the plateau. The piny on pines (Pinus edulis] are scarce, but three 
varieties of juniper trees are abundant. They are Utah juniper 
(Jimiperus utahensis) , oneseed juniper (Jwmperm monosperma) , and 
alligator juniper (Juniperus pachyphloea) . Of these, the Utah juni­ 
per is the most abundant and is restricted to an altitude below 7,000 
feet on the Colorado Plateau. The alligator juniper is generally found 
in the chaparral zone on the high north slopes of Woodchute Mountain.


Chaparral is a brush-type vegetation, thick in some places and open 
in others; it grows best on the north slopes and foothills of Woodchute 
Mountain and on the steep rocky slopes and ridges of the plateau 
escarpment in the northern part of the quadrangle. Shrubs of this
belt are ef many species, but the shrub live oak (Quercw twrbmtta) is
most common. Other abundant shrubs are manzanita (Arctostaphylos 
pwngens] and catclaw (Acacia greggi). Locally abundant are moun-
tainmahogany (Cercocarpus sp.), apacheplume (Fallugia paradoxa), 
and cliffrose (OowaniastansburiaTia).


The grassland in the quadrangle is limited to the valley of the


Verde Eiver although many grasses are interspersed among the stands
Of junipefj Which have encroached upon former grasslands as in the 
northwestern part of the quadrangle. The predominant grasses of this
vegetation type are blue grama, black grama, hairy grama, and side- 
oats grama.
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Several species of cactus, predominantly cholla and pricklypear 
(Opwntia sp.), are widely scattered among all the vegetation types 
except the ponderosa pine. Century plant or mescal (Agave parryi) is 
abundant at the lower altitudes of the chaparral on the east and north 
sides of Woodchute Mountain.


Along Sycamore Creek and the Verde Kiver large willow, cotton- 
wood, sycamore, and some walnut trees are abundant because of the 
moist soil.


GENERAL GEOLOGY


The rock formations of the Clarkdale quadrangle, whose distribu­ 
tion and structure are shown on plates 45 and 46, represent the Proter- 
ozoic, Paleozoic, and Cenozoic eras. Rocks belonging to the Mesozoic 
era are absent. The formations are shown schematically on plate 47.


OLDER PRECAMBHIAN BOCKS


The Precambrian rocks in Arizona are divided into two major sys­ 
tems, older Precambrian and younger Precambrian (Butler and Wil­ 
son, 1938, p. 11; Anderson, 1951, p. 1333). Only the older Precam­ 
brian rocks are present in the area of this investigation.


The Precambrian rocks in the Clarkdale quadrangle were not 
studied in detail by the writer. The subdivisions and names (pi. 45) 
are those used by Anderson and Creasey (1957) in their report on the 
Jerome area except for the Spud Mountain volcanics in the southwest 
corner of the quadrangle, which were identified in the field by 
Anderson.


The Precambrian rocks comprise metamorphosed volcanic and in­ 
trusive formations. The volcanic rocks are subdivided into the Spud 
Mountain volcanics, the Deception rhyolite, and the Grapevine Gulch 
formation; the intrusive rocks are gabbro and quartz porphyry. Al­ 
though all the Precambrian rocks have been altered by regional 
metamorphism, and, around the ore deposits at Jerome by hydro- 
thermal alteration, Anderson and Creasey were able to determine their 
original nature and to map each separately. The Deception rhyolite 
is a fine-grained compact rock that is commonly porphyritic and con­ 
tains phenocrysts of quartz and feldspar. The Grapevine Gulch for­ 
mation consists of fine- to medium-grained tuffaceous sedimentary 
rocks. The Spud Mountain volcanics comprise andesitic breccias and 
tuffacepus rocks; the breccias are characterized by large equant saus- 
suritized crystals.


The quartz porphyry consists of relict phenocrysts of quartz in a 
matrix now altered to quartz and sericite. The gabbro is a dark 
granular rock containing hornblende and saussuritized plagioclase. 
The quartz porphyry is older than the gabbro, and both intrude the 
volcanic formations.







520 CONTRIBUTIONS TO GENERAL GEOLOGY


The reader is referred to the report on the Jerome area by Anderson 
and- Creasey (19.5.7). for-the-detailed geology of the Precambrian rocks.


  ,. TJ3TCONFORMITY AT THE BASE OF THE PALEOZOIC BOCKS


The base of the Paleozoic rock sequence is separated from the older 
Precambrian basement complex by a conspicuous unconformity. The 
horizontal to mildly diping Paleozoic cover rests upon a surface of 
acutely deformed. Precambrian rocks which were intruded by igneous 
bodies.


The erosional surface on the older Precambrian rocks in the quad­ 
rangle appears to be one of very low relief, although not much is 
known about it because of the few exposures. The basal sandstone of 
Paleozoic age which rests on this surface is locally absent because 
of minor topographic highs that rise as much as~ 50 feet above 
the general level. Elsewhere in the Mingus Mountain area scattered 
hills of the older Precambrian rocks are as much as 400 feet above the 
normal surface.


PALEOZOIC SEDIMENTARY BOCKS


Except in the southwest corner, the Clarkdale quadrangle contains 
rocks of Paleozoic age, and in most parts, they are exposed. In the 
southeast and northwest corners of the quadrangle these rocks are 
partly concealed by Cenozoic deposits. The total thickness of the 
Paleozoic rock sequence is about 3,350 feet, and the ages of the rocks 
range from Cambrian (?) to Permian. The Paleozoic rocks dip, in 
general, about 8°-10° NE. in much of the quadrangle, but they are 
horizontal in the Colorado Plateau in the northeast corner of the 
quadrangle, Recent erosion has beveled the inclined strata, SO that 
the older formations crop out in the southwestern part of the quad­ 
rangle, with successively younger formations cropping out to the 
northeast.


In the southern part of tliG quadrangle, the Paleozoic rocks crop out 
around the margins of Woodchute Mountain, and in the northern 
part, they are conspicuously displayed in the precipitous cliffs of the 
Mogollon Rim, Which marks the south edge of the Colorado Plateau. 
In the middle part of the quadrangle they CFOp Ollt in a series of north­ 
westward-trending ridges, locally accentuated by faults of similar


strike.
TAPEA.TS SANI>STONE(?> 


DISTRIBUTION


The Tapeats sandstone (?) has the smallest areal distribution of any 
of the Paleozoic formations in the Clarkdale quadrangle, and the 
combined outcrops cover less than 1 square mile. There are five small
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.areas where the Tapeats (?) is exposed as inliers in younger Paleozoic 
and Tertiary rocks.


Most of the Tapeats sandstone(?) outcrops are in the southwest 
corner of the quadrangle. This is due to the regional northeast tilt, 
which results in successively younger rocks cropping out to the north­ 
east. Probably the best exposed section of Tapeats (?) in the quad­ 
rangle is in Munds Draw (coordinates N. 1,374,000; E. 402,000).


On the east side of Woodchute Mountain above the dump of the 
United Verde mine at Jerome, the Tapeats (?) crops out between the 
Haynes fault and other faults of that area. Another exposure of 
Tapeats (?) is about 1% miles northeast of the pit at Jerome. Here 
it crops out in a continuous exposure for nearly 3,000 feet in the 
opencuts of the Verde Tunnel and Smelter Railroad, which formerly 
connected the smelter at Clarkdale with the United Verde mino 
(coordinates N. 1,368,000; E. 444,000).


The two other occurrences of Tapeats (?) are in the Verde River 
canyon between Perkinsville and the Packard Ranch (coordinates 
.N. 1,410,000; E. 427,000 and N. 1,406,000; E. 450,000).


THICKNESS AND STRATIGRAPHIC RELATIONSHIP


The thickness of the Tapeats sandstone (?) in the quadrangle ranges 
from a few inches to about 60 feet. The greatest thickness is in Munds 
Draw where the formation is 60 feet, although about 1 mile to the 
south it is only 25 feet. The Tapeats (?) exposed on the east side of 
Woodchute Mountain near Jerome averages 50 feet in thickness. 
Near Packard Ranch in the Verde River canyon it is 40-60 feet, 
whereas west of Mormon Pocket in the Verde River canyon (coordi­ 
nates N. 1,410,000; E. 427,000), it has a maximum thickness of about 
15 feet. Nearby it wedges out and the overlying Devonian limestone 
rests directly on Precambrian rocks.


The range in thickness of the Tapeats (?) largely results from the 
uneven Precambrian surface upon which it was deposited. Because 
of the few exposures of the basal contact of this sandstone in the 
quadrangle, the relief of the underlying Precambrian surface is not 
well known, but in the Mingus Mountain quadrangle to the south, 
Anderson and Creasey state that Precambrian topographic highs rise 
into the overlying Martin limestone in many widely distributed areas.


The Martin limestone of Devonian age overlies the Tapeats sand­ 
stone^) and the contact between them appears to be gradational. 
The contact has been arbitrarily placed at the base of the first massive 
limestone bed which overlies yellow to green limy siltstone and marl.


Krieger (oral communication, 1953), who mapped the Paulden 
 quadrangle (adjacent on the west), stated that she has found a possible 
stratigraphic break between the Tapeats (?) and the overlying Martin 
limestone of Devonian age.
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LITHOLOGY


The lithology of the Tapeats sandstone(?) in the Clarkdale quad­ 
rangle shows no significant deviation in the widely separated outcrops. 
In nearly every exposure a basal crossbedded sandstone forms a ledge 
that averages 50 feet in thickness. Above this sandstone is a sequence 
of weaker rocks, 10-15 feet thick, that consists of calcareous shaly 
siltstone and mudstone. Where the basal sandstone unit locally is 
cut out against topographic highs on the old Precambrian surface, 
the upper shaly unit rests directly upon the Precambrian rocks.


The lower unit of the Tapeats (?) is composed of medium- to coarse­ 
grained sandstone including lenses of granules and pebbles; the 
pebbles are as much as one-half inch in diameter. The unit displays 
well-defined cross lamination in beds which range from a few inches 
to about 15 feet in thickness. However, not all beds show cross lami­ 
nation. Lenses of granules and pebbles formed as shallow, cut-and-fill 
channels are relatively common. Individual laminae are well defined 
but adjoining strata commonly have marked contrast. The contrasts 
between individual laminae give an overall heterogeneous appearance 
to the unit. The sand is bonded with a siliceous-ferruginous cement 
which differs in abundance from place to place. Where the iron con­ 
tent is low and silica high the rocks are very hard and relatively light 
in color. Inversely, where the iron content is high and silica low, the 
rocks are somewhat friable and are relatively dark. Most commonly, 
however, the rocks are very ferruginous, which makes the unit appear 
a dusky red to dark reddish brown; the predominant color is reddish 
brown. The sand grains, granules, and pebbles in the Tapeats (?) 
consist chiefly of jasper, quartz, and chert, with subordinate amounts 
of f eldspathic and unidentified dark minerals.


The upper unit of the Tapeats sandstone (?) consists of shaly silt- 
stone and mudstone. This unit is very thin bedded and weathers to a
slope, in contrast to the ledge-forming unit below. It ranges in thick- 
neSS from 10 to 15 feet. Dark-reddish-brown slightly fissile mudstone


in beds 5 feet thick, rest directly on the basal sandstone unit. Struc­ 
tureless siltstone, in beds 2-3 inches thick, is intercalated among them. 
The lower reddish-brown beds grade upward into lighter rocks that 
range from shades of yellowish gray and pale olive to dusky yellow.
The lighter beds are slightly calcareous structureless mudstone and
Siltstone and are separated by fissile shale partings 1-6 inches thick;


these shale partings are light green and dark red. The bedding ap­ 
pears tO be irregular but individual beds cannot be traced readily be­ 
cause this unit is poorly exposed. Some thin sandstone beds are at the
top of the TapeatS ( ?) in a few places but are not everywhere present 
where the Tapeats (?) is exposed throughout the quadrangle. Some 
siltstone beds in the upper unit of the Tapeats sandstone (?) are very 
micaceous.
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AGE AND CORRELATION


The basal sandstone of Paleozoic age in the Clarkdale quadrangle 
appears to be gradational upward into the Martin limestone of De­ 
vonian age, as it does in the Mingus Mountain quadrangle, but it also 
appears to be the stratigraphic equivalent of the Tapeats sandstone of 
Cambrian age in the Grand Canyon.


The strongest evidence in support of a Devonian age for the 
Tapeats (?) is the gradation into, conformity with, the overlying 
Martin limestone. However, this may be more apparent than real in 
the light of Krieger's recent investigations (oral communication, 1953) 
where she has found a possible break above the Tapeats(?) in the 
Paulden quadrangle, which adjoins the Clarkdale quadrangle on the 
west. The area of Tapeats (?) which Krieger mapped is only a few 
miles from the Tapeats sandstone at Simmons (fig. 70). McNair 
(1951) traced the Tapeats from the Grand Canyon south and eastward 
to Simmons. McKee (written communication, 1953) has found many 
Cambrian trilobites in the shales overlying the Tapeats at Juniper 
Mountain (Camp Wood quadrangle) and stated that from there to the 
Clarkdale quadrangle, exposures are fairly continuous along the north 
side of Chino Valley. Less significant reasons for considering the 
basal sandstone of the Paleozoic as Tapeats sandstone of Cambrian 
age are based partly on its stratigraphic position and partly on litho- 
logic similarity to known Tapeats.


No new evidence on the age of the Tapeats (?) was found in the 
Clarkdale quadrangle; this report, therefore, follows Anderson and 
Creasey (1957) who, because of the lack of a positive age and because 
the term Tapeats had been previously used, preferred to continue using 
Tapeats, but appended a query to express uncertainty.


MARTIN LIMESTONE


DISTRIBUTION


The Martin limestone is limited chiefly to that part of the quad­ 
rangle which is south of the Verde River. The most extensive ex­ 
posures are along the southwest boundary of the quadrangle where the 
Redwall limestone of Mississippian age has been eroded from the foot- 
wall blocks adjacent to large normal faults. In the vicinity of Jerome 
the Martin limestone crops out beneath younger rocks that compose 
Woodchute Mountain, and extends southward in a peripheral band 
around Mingus Mountain to the south. Outcrops of this limestone 
also are abundant along the footwall of the Verde fault and subsidiary 
faults where erosion has exposed them. Northward, between Wood- 
chute Mountain and the Verde River, the Martin limestone is exposed 
along many of the fault scarps. . It is well exposed in the canyons of
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the Verde "River and Sycamore Creek, and in a small area in S O B 
Canyon (coords. N. 1,395,000; E. 447,400). The only exposure of the 
Martin north of the Verde Kiver is in Sycamore Canyon.


THICKNESS AND STRATIGRAPHIC RELATIONSHIP


The thickness of the Martin limestone, which was measured in four 
widely separated localities, averages about 455 feet. It is 465 feet 
thick in the Mingus Mountain quadrangle, 2% miles south of Coyote 
tank (coordinates N. 1,365,700; E. 407,500), and in Haynes Gulch (co­ 
ordinates N. 1,368,000; E. 433,000); just north of Jerome, it is 441 feet 
thick. A section in the Verde Eiver canyon (coordinates N. 1,409,500; 
E. 427,500), west of Mormon Pocket, revealed 444 feet of Martin, and 
at the Packard Ranch area in the Verde River canyon (coordinates N. 
1,407,000; E. 449,400) it is 480 feet the thickest section in the Clark- 
dale quadrangle.


Where there are local topographic highs on the old Precambrian 
surface, the Martin limestone rests directly on Precambrian rocks. 
Elsewhere, the Martin limestone rests on the Tapeats sandstone (?). 
Because the contact between the Martin and the underlying Tapeats 
sandstone(?) appears to be gradational, the contact has been placed 
arbitrarily at the base of the lowest massive limestone bed, which local­ 
ly has some sandstone lenses in its basal part. The contact between the 
Martin and the overlying Red wall limestone is unconformable. The 
cut surface on the Martin limestone shows very little relief over short 
distances, and has a relief that averages 10-15 feet, with a maximum of 
35 feet as observed over wide distances.


LITHOLOGY


Though Martin limestone is the formal designation, this formation 
consists of limestone, dolomitic limestone, dolomite, some limy siltstone 
and sandstone, and copious amounts of disseminated argillaceous and 
arenaceous impurities among the carbonate rocks. The formation as 
a whole is progressively darker from bottom to top as the result of an 
increase in impurities. The formation is uniformly bedded and forms 
steplike slopes. These characteristics help to easily distinguish it from 
the overlying Redwall limestone, which is more massive and lighter.


The Martin limestone has comparatively few fossils, and the lower 
part of the formation seems to be barren. The beds generally are 
fossiliferous towards the top of the formation, and a few are very 
fossiliferous, containing abundant gastropods, brachiopods, and corals. 
No fossils were collected and no paleontologic data were gathered while
mapping the quadrangle.


In the Jerome area the Martin limestone can be subdivided into four 
parts which may be classified as members in detailed mapping. They
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do not correspond to the subdivisions of Huddle and Dobrovolny 
(1945; 1952, p. 73), who arbitrarily divided the Martin farther east 
into three members. The units chosen were used chiefly for structural 
control in this study. Although they are not differentiated on plate 45, 
they are described individually and are designated from bottom to top 
as units A> B, C, and D.


Unit A. Unit A includes a nonpersistent basal sandstone and a thin- 
bedded dark-gray dolomitic limestone, which ranges from 20 to 50 feet 
in thickness. The basal sandstone, of local occurrence in the Clarkdale 
quadrangle, has a uniform texture containing well-rounded and frosted 
grains. In places it contains limonitic spots, which give it a "freckled" 
appearance. It is lenticular and seldom more than l1/^ feet thick. 
This sandstone may be reworked Tapeats sandstone (?). The over­ 
lying ledge-forming dolomitic unit is very persistent and has uniform 
lithologic characteristics which make it an excellent marker bed. 
Stoyanow (1936, p. 497) has noted this unit at Jerome and says that it 
can be recognized at the headwaters of the East Verde River near 
Pine and Pay son. It is also present near Simmons, about 20 miles 
to the west, and probably extends northward from there.


The dolomitic limestone ranges from light brownish gray to brown­ 
ish gray, and contains minor areas of yellowish gray and pale red, 
visible upon close inspection. The colors appear to be locally affected 
by the coarseness of grains and by the percentage of the argillaceous 
impurities. Acid tests indicate that the rock is more dolomitic where 
it is coarse grained and more calcitic where it is fine grained. The 
fine-grained areas which are lighter in color occur interstitially in 
larger areas of coarse-grained material. The grain size as a whole 
ranges from fine to coarse, but medium to coarse sizes are predominant. 
Possibly much of the coarseness is due to recrystallization.


Beds range from 14 inch to 3 feet in thickness, and the thinner beds 
alternate with the more massive ones. Weathering of the faces of the 
thicker beds has etched out textures and structures of these rocks so 
that it is not uncommon to see crossbedding, channeling, and frag­ 
ments of limestone in relief on the surfaces. These features indicate 
that, although the carbonate materials are of subaqueous origin, they 
were mechanically transported and deposited.


The massive beds which commonly are more dolomitic and coarser 
grained than the thin ones show many ovoid to circular accretionary 
masses of white calcite. Chert occurs as nodules and lenses in the 
upper few feet of the unit.


Unit B. Overlying the brownish-gray lower unit is a sequence of 
uniformly thin-bedded aphanitic light-colored slightly dolomitic lime­ 
stone beds which are designated as unit B. This unit generally is 
homogeneous in appearance, and probably is the most prominent of
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the section because it is light and is limited at top and bottom by 
darker units. Because of its thin bedding, this unit commonly forms 
a slope. It ranges in thickness from 80 to 110 feet but averages about 
85 feet.


Unit B is characteristically light gray to white on the weathered 
surfaces and pinkish gray on the unweathered surfaces. Locally, 
one or two beds near the bottom of the unit may be dark gray. The 
thickness of individual beds ranges from a few inches to several 
feet, and probably averages about 8 inches. The limestone beds are 
separated by shaly interbeds or partings as much as 3 inches thick. 
On slopes the shaly mudstone is not conspicuous and may go unde­ 
tected, whereas in cliffs or steep walls, the shale interbeds are more 
distinct. The shale is dark gray and appears as a dark band between 
the lighter beds, which emphasizes the uniform bedding of the unit. 
A good example of this may be seen about 1 mile north of Jerome 
on the Jerome-Perkinsville road. The limestone is very aphanitic 
and in most places does not show stratification on unweathered sur­ 
faces. Disseminated sand grains stand out in relief on the weathered 
surfaces of some beds and locally on unweathered surfaces. Chert 
is fairly abundant as nodules, lenses, and thin layers parallel to the 
bedding; it is in shades of light yellow to dark gray or black, and is 
present in the limestone and the shale interbeds.


Within 6-10 feet of the top of the unit is a persistent sandstone 
bed that ranges from 1 to 3 feet in thickness. In some places, it is 
so well cemented with silica that it is more nearly an orthoquartzite 
than a sandstone. Chert is moderately common along this bed or 
zone. Some limestone grains are admixed with quartz sand grains 
in a few localities. The sandstone weathers from a light rusty brown 
to a darker brownish red, hence, the local name "Red Marker" has 
been applied. This horizon marker has been used extensively in the 
vicinity of Jerome for determining offsets on faults of minor 
displacement.


Unit O. Unit C overlies unit B with a distinct and abrupt lithoiogic 
change. In contrast to the underlying unit #, w^t 0 is much darker 
and coarser grained, has fewer shale partings, is thicker bedded, and 
forms receding ledges. The thickness of this unit ranges from 65 
to 80 feet but averages about 70 feet. Unit G is characteristically a 
sequence of mottled dolomitic limestone beds.. The mottling, pro­ 
duced by a difference in grain size, is similar to that in the lower unit. 
The fine-grained areas are pale red to grayish orange pink, and the 
medium-grained areas are yellowish gray to light olive gray. The 
mottling appears to result from partial recrystallization. The size 
and shape of the recrystallized areas is variable, but on any given 
surface it is generally measured in inches. The beds range from less
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than an inch to about 4 feet in thickness. Stratification is not evi­ 
dent within most beds. Very few thin partings of shale are present. 
Vugs of coarsely crystalline calcite are abundant.


Unit D. In contrast to all the other units of the Martin limestone, 
each of which is uniform in character, unit D shows the greatest 
variation in lithology, color, and texture. This unit includes all the 
rock types of other units, in alternating sequence. Such diverse 
lithology produces alternating dark and light beds which gives the 
unit a heterogeneous appearance. The unit ranges from 260 to 270 
feet in thickness and consists chiefly of dolomitic limestone and lime­ 
stone, with lesser amounts of interbedded calcareous shaly siltstone 
and sandstone. The limestone is less dolomitic and more argillaceous 
and arenaceous towards the top, except in the uppermost 50 feet.


For the most part, the lower fourth of unit D consists of inter- 
bedded light-gray aphanitic dolomitic limestone similar to the lime­ 
stone of unit B, light-olive-gray to dark-gray medium- to coarse­ 
grained dolomitic limestone and (or) dolomite, and medium- to light- 
gray thin-bedded finely laminated dolomitic limestone. Chert layers 
and lenses are abundant in the thin-bedded zones. The bedding ranges 
from a few inches to several feet in thickness and is uniform and 
regular.


Above the lower fourth of the unit, the section becomes more argil­ 
laceous so that shaly mudstone and platy siltstone become prominent 
lithologic types. Because much mud apparently was introduced, 
the dolomitic limestone beds are contaminated with argillaceous im­ 
purities that cause a purple to red mottling. In many places, inter- 
beds of purple or lavender calcareous shaly mudstone separate these 
impure dolomitic beds.


A little less than half way up the unit, beds that total about 40 feet 
in thickness consist of alternating thin-bedded impure slabby dolo­ 
mitic limestone and purple calcareous shale. This part of the unit 
forms a slope and includes most of the argillaceous impurities.


Argillaceous materials are also present, but in lesser amounts, 
scattered throughout the overlying beds, except in the top 50 feet of 
the unit. These uppermost beds consist of grayish-orange-pink 
medium-grained dolomitic limestone that is uniformly bedded and 
crops out in steplike ledges.


A few distinctive beds in unit D merit individual attention as they 
constitute key or marker beds. In the Jerome area, two beds are 
lithologically unique in the section. These are light-olive-gray 
medium- to coarse-grained dolomitic limestone beds that contain many 
inclusions of fine-grained moderate red sandstone in irregularly 
shaped masses which range from less than an inch to about 9 inches 
in diameter. Each of these beds is 2 feet thick. They occur 40 and 
50 feet respectively above the base of the unit. Also a 7-foot mas-







528 CONTRIBUTIONS TO GENERAL GEOLOGY


sive yellowish-gray fine-grained dolomitic limestone, bearing an 
abundance of solitary- and colonial-type corals, occurs 150 feet above 
the base of the upper unit. This bed may be f ossilif erous only locally, 
because in other areas the fossils could not be located. A prominent 
feature in the Verde River canyon near the mouth of Sycamore Can­ 
yon, is a 3-foot ledge of sandstone, 175 feet above the base of the 
upper unit.


AGE AND CORRELATION


In Arizona, Devonian strata have been referred to as the Temple 
Butte limestone, a name proposed by Walcott (1890, p. 50) but used 
only in the Grand Canyon area in the northern part of the State; 
the Martin limestone, a name that Ransome (1904, p. 33) assigned to 
the Devonian rocks at Bisbee, but which has been used mostly in the 
central and southeastern part of the State; and the Jerome formation, 
a name used by Stoyanow (1926, p. 316-317) for the Devonian rocks in 
north-central Arizona.


Huddle and Dobrovolny (1945) demonstrated that the Martin lime­ 
stone of the Globe-Miami area probably is continuous with the De­ 
vonian strata of the Pine-Payson area and stated that "there seems 
to be no reason for recognizing the Jerome formation of Stoyanow." 
For this reason Anderson and Creasey (1957) decided to use the name 
Martin for the Devonian rocks in the Jerome area also. This report 
follows that usage.


Ransome (1916, p. 161) took a random f aunal sample from a fossil- 
iferous bed in the upper part of the Martin limestone at Jerome. The 
fauna, examined by Kindle, was assigned to Late Devonian age.


Stoyanow (1936, p. 495-500) studied the Devonian section at Jerome 
and listed fossils and their locations in the section which proved Late 
Devonian in age.


McNair (1951, p. 516) compared the Martin limestone of the Jerome 
area with the Devonian strata of the Grand Canyon, and reported that 
the purple soft, crumbly, silty beds, which are more abundant in the
Martin limestone toward the north, are also a conspicuous rock type 
of the Temple Butte limestone.


The upper part of the Martin limestone of central Arizona is of 
Late Devonian age, but the lower and middle parts may be Middle 
Devonian, according to Huddle and Dobrovolny (1902, p. 6T, 80), who 
stated that their fossil collection indicates that the Martin may contain 
equivalents of some of the f aunal zones of the Devils Gate formation of 
Merriam in central Nevada.


REDWAXJL. LIMESTONE


DISTRIBUTION


The Redwall limestone occurs sporadically throughout the south 
half of the Clarkdale quadrangle, except in the southeast corner where
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it is entirely hidden by younger rocks. It occurs extensively along 
the west margin of the quadrangle as far north as the Verde River, 
and in the vicinity of Jerome it forms a peripheral band that crops 
out on the steep slopes around Woodchute and Mingus Mountains 
to the south. Also, east of the Verde fault, the Redwall has been 
exposed by subsidiary faulting and large patches of the formation 
crop out north of Woodchute Mountain where erosion has stripped 
the overlying Supai formation from uplifted fault blocks. The Red- 
wall occurs along scarps of the north-northwestward-trending faults 
which branch from the Verde vault in the vicinity of the Jerome area. 
A small and isolated occurrence of it may be seen in S O B Canyon. 
Almost a continuous exposure occurs along the entire course of the 
Verde River from where it enters the quadrangle on the west to where 
Syca'more Creek joins it.


The only exposures of the Redwall limestone north of the Verde 
River are in Sycamore Canyon, along the scarp of the Railroad fault 
on the west side of Packard Mesa, and along the scarps of the Verde 
and Orchard faults east and northeast of Perkinsville. The best ex­ 
posures are in Sycamore Canyon, the Verde River canyon, and in the 
vicinity of Jerome.


THICKNESS AND STRATIGRAPHIC RELATIONSHIP


The Redwall limestone ranges in thickness from 235 to 285 feet 
within the quadrangle, but probably averages about 250 feet. The 
greatest thickness in any of the five sections measured is in Haynes 
Gulch in the vicinity of Jerome, where the section is 285 feet thick. 
The thinnest section, 235 feet, is in S O B Canyon. The Redwall is 
255 feet (incomplete section) in Little Coyote Canyon on the west 
side of Woodchute Mountain about 2 miles south of the quadrangle 
border; 252 feet in the Verde River canyon (coords. N. 1,412,000; E. 
423,000); and 241 feet in Sycamore Canyon (coords. N. 1,413,400; E. 
454,000). These data show that the Redwall limestone is progressively 
thinner from Jerome towards the northeast.


The Redwall limestone unconformably overlies the Martin lime­ 
stone of Late Devonian age, and is unconformably overlain by the 
Supai formation. The exact position of the contact between the Martin 
and the Redwall is not everywhere discernible because the lowest unit 
of the Redwall contains reworked sediments from the Martin and 
therefore resembles the Martin. The zone of reworked material is as 
much as 35 feet thick in places but at other places it is absent, owing 
to the relief on the Devonian surface. The contact is gently undulat­ 
ing and from a distance the two formations appear conformable. 
The base of a massive bluish-gray oolitic limestone member, which 
directly overlies the reworked residual material above the Martin
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limestone, was used for mapping the contact between the Redwall and 
the Martin.


The contact between the Redwall limestone and the overlying Supai 
formation is easily determined. It can readily be observed on the east 
and north sides of Woodchute Mountain along the road from Jerome 
to Perkinsville. The Redwall generally is a massive limestone that 
forms conspicuous cliffs. The top of this limestone commonly forms 
a bench from which the soft red shale and siltstone of the basal Supai 
formation have been eroded. The contact is irregular; the local relief 
is as much as 15-30 feet in a lateral distance of 100 feet, and fragments 
of limestone and chert fill the hollows.


LITHOLOGY


The Redwall limestone, which is generally a cliff-forming unit, 
consists chiefly of light-gray to white aphanitic to coarsely crystalline 
thin- to thick-bedded limestone. It has an overall massive appearance, 
which is due partly to the homogeneity of the beds but chiefly to planes 
of separation between many of the beds which are so inconspicuous 
when viewed from a distance, that the formation appears to be a single 
stratum. The limestone generally is f ossilif erous throughout, though 
locally beds are barren. The limestone characteristically contains 
solution channels and caverns, many of which have collapsed or have 
been filled. Where they have collapsed, large blocks of limestone 
conglomerate that fill them are cemented with a bright red, claylike 
sediment, which probably is a residue from solution of the limestone. 
The channel-filling consists chiefly of chert released by solution from 
limestone matrix. The caverns are both vertical and horizontal in 
attitude; the horizontal ones extend along the strike of the bedding. 
Many of these occur along the Chino Yalley-Perkinsville road where 
the road meanders through Wildcat Draw just outside of the west 
border of the quadrangle.


Woodell (Stoyanow, 1936,p. 514),Gutschick (1943), and Gutschick 
and Easton (1953) have studied the Mississippian strata in the Jerome 
area in detail. Woodell divided the limestone into six faunal zones 
and listed the species of fossils present in each. Gutschick (1943, p. 
2-5), who Studied the Redwall limestone from the Pine-Payson area 
northwestward along the margin of the Colorado Plateau to near 
Seligman, Ariz., divided the formation into four members. The four 
members as designated by Gutschick are as follows, from the base 
upward: (I) A white crystalline oolitic limestone member; (II) a 
fine-grained cherty pOIOUS limestone member; (III) a massive coarsely 
crystalline limestone member; and (IV) a gray, micro-oolitic aphanitic 
limestone member. The units used in describing the Redwall in the 
text of this report correspond to the members of Gutschick, but the 
contact between units 3 and 4 was located in a different place. In this







GEOLOGY OF THE CLARKDALE QUADRANGLE, ARIZ. 531


report it is placed at the base of the bluish-gray micro-oolitic lime­ 
stone near the top of the formation, whereas Gutschick and Easton 
(1953, p. 4) placed it about 25 feet below where they believed that they 
recognized a disconformity. No disconformity could be found at this 
horizon by the writer.


Although the four members of Gutschick were recognized during 
the present study, they were not mapped separately except in a few 
local areas where detailed information was desired for interpreting 
the structure. For this reason they are not shown on plate 45. In 
order to describe the Redwall limestone as adequately as possible, each 
of the four units is described separately.


Unit L Unit 1 of the Eedwall consists of a lower thin-bedded 
clastic unit that constitutes reworked deposits of the Martin limestone, 
and an upper unit that constitutes bluish-gray oolitic thick-bedded 
limestone. The lower unit consists chiefly of limestone, arenaceous 
limestone, and calcareous sandstone materials which resemble many 
of the Upper Devonian lithologies. This unit wedges out against 
topographic highs that remain on the upper surface of the Martin 
limestone. As much as 35 feet of these beds has been measured in 
some places. The beds are very light gray and lavender to pink; the 
pink results from impurities. Most of the beds in the lower part of 
the unit are thin, but higher up they are moderately thick (severa.1 
feet). Locally a thin zone of sandstone, partly conglomeratic, is 
present at the base. The thin beds normally weather to slopes.


The upper part of unit 1 consists of massive beds of aphanitic oolitic 
limestone, which range from 25 to 55 feet in thickness, and is charac­ 
teristically bluish gray and cliff forming. The rock generally is a 
mass of conspicuous oolites, which stand out in relief on weathered 
surfaces.


Gutschick and Easton (1953, p. 3), stated that an unconformity 
which cuts out the oolitic limestone to the north and northwest, is at the 
top of their member I. They believed that because of this unconform­ 
ity the oolitic limestone is not recognized in the Grand Canyon area. 
Huddle and Dobrovolny (1952, p. 87), however, traced this unit 
laterally into a rubble breccia that consisted of large limestone and 
chert blocks in a matrix of red sandy mudstone. This relationship 
conforms with observations made by the writer in the Clarkdale quad­ 
rangle, and indicates that the oolitic blue limestone unit is conformable 
with the overlying member, but that laterally parts of it that were 
especially susceptible to solution formed in caves that later collapsed 
to form thick irregular breccia zones.


Unit 2. Unit 2, which ranges from 55 to 80 feet in thickness, is a 
light gray to cream fine-grained cherty limestone. The abundance of 
chert in this unit is characteristic. The chert, which is white to yel-
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low and weathers to a rusty brown, occurs as nodules, lenses, and layers 
within the beds and along the bedding planes of the limestone. Fossils 
are commonly preserved in the many chert nodules. Where this unit 
is exposed to weathering, large blocks of chert are scattered about on 
the surface. The limestone occurs as beds 2-5 feet thick, and is fine 
to medium grained. It is fossiliferous though not abundantly so. 
This unit appears to have been especially susceptible to the formation 
cf caverns. These caverns have collapsed or been refilled with lime­ 
stone and chert breccia.


Unit 3. Unit 2 is overlain conformably by unit 3. Unit 3 is a yellow­ 
ish- to light-gray homogeneous coarsely crystalline crinoidal lime­ 
stone, which probably averages 100 feet in thickness. It is thick 
bedded and the most fossiliferous unit of the formation. The weath­ 
ered surface of the limestone is rough as a result of its coarse crystal- 
linity and the abundance of small crinoidal discs that it contains. 
Unit 3 differs from unit 2 in grain size, color, and absence of chert.


Unit 4' Unit 4 consists of a bluish-gray aphanitic to oolitic cliff- 
forming limestone that is present nearly everywhere in the Clarkdale 
quadrangle except where it has been removed by pre-Supai erosion. 
It averages about 40 feet in thickness, and resembles the oolitic phase 
of unit 1, except that it is more aphanitic, lighter, and has smaller 
oolites that can be recognized only with the lens. This unit, because 
of its color and its cliff-forming tendencies, forms a nearly continuous 
band at the top of the formation, visible for several miles or more.


AGE AND CORRELATION


In Arizona, rocks of early Mississippian age have been called the 
Kedwall limestone in the northern part of the State and the Escabrosa 
limestone in the southeastern part of the State. The Redwall, as 
originally defined by Gilbert (1875, p. 162, 177-186), included rocks 
both older and younger than Mississippian. Later, Noble (1922, p.
26, 54), who made detailed studies in the Grand Canyon area, re­ 
stricted the name to strata of Mississippian age. The Escabrosa lime­ 
stone was a name proposed by Ransome (1904, p. 42-44), for the 
Strata Of Mississippian age in the Bisbee area of southern Arizona, and 


this term has been widely used in the southeastern part of the State. 
In central Arizona, Huddle and Dobrovolny (1952, p. 86) have shown 
that the two formations probably are continuous and form a single 
inappable unit. In their report dealing with the Mississippian lime­ 
stone of central Arizona, they use the name Redwall limestone.


The Mississippian strata in the Jerome area have long been referred 
to as the Redwall limestone. Ransome (1916, p. 162) reported that 
the faunas show close affinities with the lower Burlington (lower 
Osage group). Stoyanow (1936, p. 505) stated that the Escabrosa 
and the ."Redwall limestone formations are not exactly taxonomic
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equivalents but overlap each other; he believed that the Redwall began 
somewhat later than the Escabrosa. He further stated (Stoyanow, 
1936, p. 514) that species collected by Woodell in the Redwall lime­ 
stone of the Jerome area indicate that the faunas range from late 
Kinderhook into Keokuk and Burlington times.


Gutschick (written communication, 1955) assigned his member I 
to Kinderhook age and placed the break between Kinderhook and 
Osage between his member I and II. He correlated his member II 
with the top of the Alamogordo and the base of the Nunn members 
of Laudon and Bowsher of the Lake Valley limestone in New Mexico. 
His member III is Osage in age and correlated with the Burlington 
limestone of the Mississippi Valley. Gutschick tentatively placed 
his member IV in the uppermost part of the Osage (Keokuk affinity) 
but felt that this did not necessarily preclude a Meramec assignment.


SUPAI FORMATION


DISTRIBUTION


The Supai formation has greater areal distribution in the quad­ 
rangle than any other formation, and presents a vast expanse of red 
rocks that extend from the north side of Woodchute Mountain north­ 
ward and northeastward in many places to the limits of the quadrangle. 
Elsewhere, the Supai is present for the most part, as inliers or out­ 
liers except for the southeastern part of the quadrangle where it is 
covered by the younger Verde formation. The Supai formation has 
a general northeasterly dip except in the northeastern part of the 
quadrangle where it flattens as it approaches the Mogollon Rim. Ero­ 
sion has beveled these dipping beds so that they thin to the south 
and are largely absent on Mingus Mountain south of the quadrangle.


THICKNESS AND STRATIGRAPHIC RELATIONSHIP


The Supai formation ranges from 1,550 to 1,665 feet in thickness 
within the Clarkdale area. The latter figure was determined by 
McKee (oral communication, 1953) from a section in Sycamore Can­ 
yon. McKee believes that the basal 332 feet of the section is equivalent 
to the Naco formation of Pennsylvanian age, but this part is included 
in the Supai in this report. The 1,550 feet of Supai was measured 
in a composite section from the Verde River in the vicinity of Mormon 
Pocket north to Henderson Flat at the base of the Mogollon Rim. 
Most of the Supai, particularly the lower and upper parts, forms 
cliffs, which confine examination to the few accessible canyon walls 
or slopes.


Hughes (1949, p. 33; 1952) measured a maximum of 1,155 feet of 
Supai at Black Mesa about 10 miles south of Ashf ork. In the vicinity 
of Fossil Creek, Huddle and Dobrovolny (1945) measured 2,200 feet 
of Supai; this excluded the basal 470 feet which they assigned to the
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Naco formation of Pennsylvania!! age. McNair, (1951, p. 530) meas­ 
ured a section of the Supai in Chino Valley near the south edge of 
Picacho Butte; it totaled 1,052 feet.


The Supai formation rests unconformably on the Redwall lime­ 
stone. The unconformity is marked by an erosion surface on the 
Redwall limestone which shows a relief of about 15 to 30 feet in 
the area. Upon this surface rests a basal limestone conglomerate 
and (or) chert breccia of the Supai which is held together by a matrix 
of red mud. The contact is conspicuous because of the striking dif­ 
ference in lithology and color between the two formations.


Overlying the Supai formation in the Clarkdale quadrangle is the 
Coconino sandstone, whereas in the Grand Canyon area the Hermit 
shale separates the Supai from the Coconino. The contact between 
the Supai and the Coconino is intertonguing. The contact has been 
assigned primarily on the basis of differences in the type of cross- 
bedding shown by each formation. Crossbedding in the upper part 
of the Supai formation consists of thick coextensive sandstone beds 
that contain one or more sets of torrential-type cross laminae, the 
beveled surfaces of which are covered by horizontal beds of very thinly 
laminated siltstone and fine-grained sandstone. In contrast, the 
Coconino sandstone is considered to be an eolian deposit, and displays 
giant, wedge-shaped, crossbeds throughout its vertical range.


McKee (oral communication, 1953), in his regional studies has 
recognized the problem of drawing a boundary between the Supai and 
the Coconino and has arbitrarily placed the upper limits of the Supai 
at the top of the uppermost flat-bedded siltstone or sandstone, and 
this procedure is followed through this report.


LITHOLOGY


The Supai formation, which is a red-bed deposit, consists of both
detrital and chemical rocks. The detrital rocks, which are the most
abundant, occur chiefly as sandstone, siltstone, and shaly mudstone, 
whereas the chemically deposited rocks, which consist of limestone
and chart, and are most abundant near the base, constitute a very
minor part of the formation. Such a diversity of sedimentary rocks
indicates that the formation must have accumulated in a complex
environment.


The Supai formation has been divided into members in order to
interpret structure more precisely. The subdivision of the formation


into members is based on the divisions of Huddle and Dobrovolny
(1945) Which, include lower ? middle, and upper members. McKee 


(oral communication, 1953), recognized these same subdivisions in
Oak Creek Canyon and elsewhere, These members are distinctly
different in lithology, color, and topographic expression.
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Lower member. The lower member of the Supai formation ranges 
from 580 to 625 feet in thickness and consists chiefly of sandstone and 
siltstone and minor amounts of shaly mudstone; it contains a few 
limestone beds, and some chert breccia and (or) limestone conglom­ 
erate. In the lower part of the member the beds are thinner.


Shaly mudstone is commonplace, so that the unit forms a gentle 
slope at the base but is increasingly steep toward the top, as the amount 
of shaly mudstone decreases. Some beds crop out prominently, other 
beds are concealed; the result is a stairlike slope typical of nearly 
flatlying beds of different composition. The lower member of the 
Supai is the only one exposed south of the Verde River. Prominent 
outcrops of this member north of the river make up the top of Packard 
Mesa, form the clifflike walls of the inner gorge of Sycamore Canyon 
from its mouth almost to the northeast corner of the quadrangle, and 
crop out in large areas northeast and northwest of Perkinsville, in 
places where overlying Tertiary or Quaternary gravel has been eroded 
away.


Many beds of the lower member of the Supai are lenticular. The 
sandstone beds commonly are laminated or cross laminated. They are 
generally fine grained and in places grade into siltstone. Conglomer­ 
ate deposits are lenticular and contain medium-gray limestone and 
pale-red siltstone pebbles, which are-as much as an inch in diameter. 
The few limestone beds in the lower part of the member are light blu­ 
ish gray to light brownish gray aphanitic to coarsely crystalline, and 
form conspicuous ledges 1-6 feet thick. The siltstone is pale to dark 
reddish brown and thin to thick bedded. Many beds are cross lami­ 
nated. The thin beds are more friable and are a deeper red than the 
thick beds.


At the base of the lower member is a conglomerate and (or) breccia 
zone locally as much as 15 feet thick, which rests unconformably on 
the Eedwall limestone. The conglomerate consists of pebbles and 
boulders of limestone, which are loosely cemented with a purplish- 
red and greenHo gray silty shale. Many spherical to ovoid chert con­ 
cretions which range from several inches to several feet in diameter, 
and which show concentric banding of many colors, weather out from 
this zone. Some chert fragments are present in the conglomerate, but 
they are rare in comparison with limestone gravel. The conglom­ 
erate occurs in pockets, and was undoubtedly derived from the Red- 
wall limestone with little transportation. In other places a breccia 
consists entirely of chert and is dark reddish brown and poorly 
sorted. It has an even upper surface. The chert fragments range 
from a fraction of an inch to as much as an inch in diameter. The 
conglomerate is common in the vicinity of Jerome and Woodchute 
Mountain. Elsewhere, in the area west of Antelope Hills, the breccia 
is more common.
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Approximately the basal third of the lower member of the Supai, 
overlying the basal breccia or conglomerate beds, is composed chiefly 
of siltstone, but contains some shaly mudstone. Intercalated within 
this part of the member are beds of limestone conglomerate, limestone, 
and sandstone. This part of the member forms a moderate slope.


The upper half to two-thirds of the basal member is comprised 
chiefly of sandstone, but contains thin intercalated siltstone and some 
limestone beds. The bedding is thicker and more massive toward the 
top of the member so that in most places this part forms a very steep 
slope or, more commonly, a cliff. The upper 70-90 feet is a conspicu­ 
ous sandstone unit, which is pale red to pink, very fine grained, thick 
bedded, with cross laminae in the beds, partly calcareous, and cliff 
forming. Its surfaces weather pale reddish brown to light brown. 
This massive cliff-forming sandstone contrasts sharply to the over­ 
lying, slope-forming sequence of siltstone and conglomerate of the 
middle member.


Middle member. The middle member which ranges from 250 to 300 
feet in thickness, is present only north of the Verde Eiver; erosion 
has stripped it from the area south of the river. The middle member 
topographically forms broad flat areas with a few gently rolling and 
rounded hills such as occur north of the Mormon Pocket area and 
northwest of Black Mountain in the Cow and Henderson Flats. It 
forms a moderate slope above the inner walls of Sycamore Canyon 
west of Black Mountain where erosion is especially active. The middle 
member also crops out north and south of the Drake road where it 
leaves the west side of the quadrangle north of coordinate N. 1,440,000; 
within a mile radius circumscribing the intersection of coordinates 
N. 1,430,000 and E. 420,000; and north along the course of Sycamore 
Canyon to where it leaves the northeast corner of the quadrangle.


The principal rock in this member is siltstone, but it is intercalated 
with conglomerate, sandstone, and some limestone. The siltstone 
ranges in color from reddish brown to grayish red. Throughout the 
member, zones of thin layers alternate with beds that are from 6 
inches to 3 feet thick. Massive siltstone beds are relatively resistant to 
weathering and form weak rounded ledges. Some of the slitstone
beds are calcareous and contain nodules; they have been traced laterally 
into gray limestone.


Few of the conglomerate beds are thicker than 3 feet, although one 
bed at the top of the member is nearly 10 feet in places. Probably 
25 percent of the middle member consists Of conglomerate beds; the 
so-called "intraformational conglomerates" of the Supai. The con­ 
glomerate beds are very lenticular and many grade both laterally 
and upward into siltstone. The gravel constituents of the conglomer­ 
ate include pale-brown to pale-red siltstone (some of which is lami-
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nated), and light-brownish-gray to medium-gray limestone. The peb­ 
bles range from % to 5 inches in diameter, but more commonly are 
an inch or less; they are well rounded. The matrix is usually a pale- 
red to reddish-brown siltstone.


The sandstone is limited to perhaps three or four beds that are 
thick in comparison with the other rocks of this member. The sand­ 
stone is light brown to pale reddish brown, fine grained, and generally 
forms resistant, rounded ledges. Some beds are calcareous and show 
prominent cross lamination. They commonly range from 5 to 10 feet 
in thickness.


Limestone is the least common rock type in the middle member. 
Only a few beds are present in most sections. Locally a dark-pinkish- 
gray aphanitic sandy cross-laminated limestone occurs at the base of 
the member. This limestone weathers into a pitted surface and is 
lighter on the weathered than on the unweathered surfaces. It wedges 
laterally and commonly is l-l1/^ feet thick, though in a few places it 
is almost 5 feet thick.


The contact between the middle and upper members is placed at the 
base of the lowest reddish-orange to light-brown friable large scale 
cross-laminated sandstone. The sandstone weathers into slabs several 
inches thick and is typical of the sandstone throughout the upper mem­ 
ber. Inasmuch as the upper member is predominantly a sequence of 
medium- to coarse-grained sandstone, its basal contact is prominent.


Upper member. The upper member of the Supai formation ranges 
from 650 to 750 feet in thickness, and is present only north of the 
Verde River. This member forms a wide peripheral band around 
Black and Casner Mountains, and comprises nearly half the rocks 
that make up the precipitous Mogollon Rim, which projects into the 
northern part of the quadrangle and extends along Sycamore Canyon 
where it has been cut into the Colorado Plateau. In the northwest 
quarter of the quadrangle most of the upper member of the Supai is 
covered by lava and gravel so that inliers of this member occur in 
many of the drainage systems which traverse the beds of lava and 
gravel.


The contact between the middle and upper members is characterized 
by a sharp break in topography and lithology. In contrast to the 
slope-forming, dominantly siltstone sequence of the middle member, 
the upper member is a sequence of sandstone and a few interbedded 
siltstone beds that form cliffs, buttresses, and pinnacles.


This member contains about eight times as much sandstone as silt- 
stone. The sandstone has a distinct outcrop and color which is not 
readily confused with lith'ologic characteristics in other members; it 
is dominantly reddish orange though some is light brown to moderate 
reddish brown. Most of the sandstone is cross laminated on a large
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scale, and, the rock weathers into slabs and plates. The sandstone 
beds generally are very friable and form a sandy soil. Some are cal­ 
careous and most are medium to coarse grained. The bedding is 
massive; some beds measure more than 150 feet in thickness, and, 
commonly, include a few partings or lenses of flat-bedded siltstone. 
Irregular folding due to penecontemporaneous deformation is con­ 
spicuous in the upper member at Sand Flat (coordinates N. 1,446, 500; 
E. 421,200), but was not seen anywhere else.


Intercalated in the upper member are beds of pale-reddish-brown 
siltstone which range from a few feet to almost 30 feet in thickness, 
and probably averages 6-8 feet. The siltstone beds show irregular 
wavy laminae. Cross laminae, in most places, are absent, and the 
horizontal bedding of the siltstone beds is usually very noticeable 
where they separate strongly cross-laminated sandstone. The siltstone 
weathers into rounded ledges.


The contact between the upper member of the Supai and the 
Coconino sandstone is difficult to determine in places. Because there 
are no siltstone beds in the Coconino of other areas, and because at 
close range the crossbedding in the upper member of the Supai re­ 
sembles that of the Coconino, the contact is arbitrarily placed at the 
top of the uppermost flat or horizontally bedded red siltstone. How­ 
ever, in many places talus blocks of the Coconino sandstone conceal 
parts of the upper Supai so that locally it is difficult to locate the 
uppermost siltstone. The Coconino sandstone is typically buff to 
cream, but locally may have the same reddish color as the Supai. How­ 
ever, the color boundary commonly is in close coincidence with the 
top of the uppermost flat-lying bed of the Supai. The Supai has 
horizontal-bedding planes, throughout, whereas the Coconino has 
huge, sweeping planes that separate individual wedges or sets of cross- 
bedding. The structures of the eolian Coconino sandstone are on such 
a large scale that they have very shallow angles and are almost hori­ 
zontal in places. The low angles of these parting planes add difficulty 
in placing the contact on the basis of the highest horizontal-bedding 
plane. From a distance, a greater length of the contact can be observed, 
and the boundary at once becomes evident.


AGE AND CORRELATION


The Supai formation, as originally denned by Darton (1910, 
p. 25-27) in the eastern Grand Canyon region of northern Arizona, 
included about 800 feet of red sandstone and shale underlying the
Coconino sandstone and overlying the Kedwall limestone. As defined
by Darton the Redwall limestone included rocks of both Mississippian 
and Pennsylvanian or Permian age, but Noble (1922, p. 59-62) rede­ 
fined the Supai formation, assigning to it about 250 feet of red shale,
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purple and gray limestone with chert and red calcareous sandstone 
formerly included in the Kedwall. Noble also redefined about 300 feet 
of red shaly siltstone and fine-grained sandstone from the top of the 
Supai and assigned to it the name Hermit shale. When redefining 
the Supai formation, Noble (1922, p. 62) regarded the entire Supai 
as probably Pennsylvanian in age.


The Supai 'formation, as 'now classified, is Permian and Pennsyl­ 
vanian. Work by Huddle and Dobrovolny (1945) has resulted in an 
attempt to define the age of the Supai formation more closely. They 
stated that the formation transgresses time lines and probably ranges 
in age from Des Moines (Pennsylvanian) through Leonard (Per­ 
mian). In addition, they reported that the lower member probably 
ranges from Des Moines through Wolf camp, and inter fingers with 
the underlying Naco formation (Pennsylvanian). Also, they cor­ 
related the middle member of the Supai with the Abo formation of 
New Mexico and assigned it to Leonard age and possibly in part to 
Wolf camp age. They assigned the upper member entirely to Leonard 
age and equated it with the Yeso formation of New Mexico.


In recent years there has been a tendency among geologists to sepa­ 
rate beds of Pennsylvanian age from the Supai formation. In the 
Clarkdale quadrangle, however, the lack of an unconformity, the ap­ 
parent absence of fossils, and the similarity of lithology in the Penn­ 
sylvanian and the Permian beds make this separation impractical.


Kansome (1904, p. 44-54) introduced the term Naco for lime­ 
stone of Pennsylvanian age overlying the Escabrosa limestone of early 
Mississippian age in the Bisbee quadrangle. Later, the limits of the 
Naco were extended northwestward from Bisbee to the Globe-Miami 
area of Arizona.


Huddle and Dobrovolny (1945) further extended the limits north­ 
ward into the Pine-Pay son area of central Arizona, which is about 
50 miles southeast of Jerome. Here, they differentiated strata of 
Pennsylvanian age from the Supai formation and referred them to the 
Naco formation. The Naco-Supai contact was placed above a sequence 
of gray limestone and shale beds and below a sequence of beds con­ 
sisting of sandstone, shale, and some limestone. They regarded the 
Naco as of Pennsylvanian age, ranging from Lampasas to Virgil.


Jackson 1 and Winters (whose stratigraphic work in the Fort 
Apache area of Arizona has not been published but is quoted by 
Jackson) removed the Pennsylvanian beds from the Supai and as­ 
signed them to the Naco. The similarity between the Permian and


1 Jackson, R. L., 1951, 'The stratigraphy of the Supai formation along the Mogollon 
River, central Arizona : Unpublished thesis in files of the University of Arizona.
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Pennsylvanian rocks forced these workers to select for the contact an 
arbitrary plane above the highest bed containing a marine Pennsyl­ 
vanian fauna.


Winters 2 regarded the Pennsylvanian-Permian boundary proposed 
by Huddle and Dobrovolny (1945) as an arbitrary one which forms 
an unnatural break in a continuous rock sequence that has similar 
lithology and faunal assemblages; therefore, he assigned 410 feet to 
the proposed boundary. Winters' Naco formation has an uppermost 
bed of gray ripple-marked fossiliferous thin-bedded limestone, which 
is overlain by gray reddish-brown claystone that grades upward into 
noncalcareous siltstone and sandstone. From f usilinids present in the 
limestone, Winters established a Virgil age for the upper Naco.


West of Fort Apache, where Winters had worked, Jackson 3 found 
fossils of Des Moines age at Fossil Creek, in the Pine-Payson area, in 
the highest f ossiliferous unit of the Naco. Jackson stated that the dis­ 
tribution of the lithologic assemblages between the Fossil Creek and 
the Fort Apache areas clearly indicate a regression of the Pennsyl­ 
vanian sea toward the south and southeast as sedimentation exceeded 
subsidence. He suggested also in his stratigraphic work, the name 
Packard Kanch member for a subdivision of the Supai (lower half 
of lower member in this report) which he could trace to the east. He 
stated that his Packard Ranch member becomes more calcareous east­ 
ward and intertongues with the Naco, and is evident, therefore, that 
the basal part of the Supai is of Pennsylvanian age in that area.


Gilluly, Cooper, and Williams (1954) have subsequently assigned 
the name Naco to a group, subdivided into several formations.


COCONINO SANDSTONE


DISTRIBUTION


The Coconino sandstone which is believed to be an eolian deposit, 
underlies much of the plateau of northern Arizona. Its occurrence 
in the northern part of the Clarkdale quadrangle marks its southern­ 
most limits in this area. Within the quadrangle, the Coconino crops 
out almost continuously around the upper margin of Black Mountain. 
Pre-Tertiary erosion has removed a considerable part of the formation 
around the south and west margins of the mountain, so that in many 
places only thin remnants are left.


The Coconino standstone is a prominent feature along the Mogollon 
Rim where it forms the highest cliff in the upper wall. In the north­ 
western part of the Clarkdale quadrangle, much of it is covered by lava 
and gravel, and the largest surface exposures in the quadrangle are in 
the Sand Flat area.


* Jackson, op. clt. 
8 Idem.
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THICKNESS AND STRATIGRAPHIC RELATIONSHIP


The Coconino sandstone ranges from 500 to 650 feet in thickness in 
the quadrangle. According to McKee (1934, p. 82) at Pine, Ariz., 
(about 55 miles southeast of the quadrangle) the Coconino is 1,000 feet 
thick, which is the thickest section known. McNair (1951, p. 533-534) 
measured a section of the Coconino at Aubrey Cliffs (about 65 miles 
northeast of the quadrangle) which totaled 405 feet. Noble (1922, p. 
67) reported a thickness of 30 feet of Coconino sandstone near the 
upper end of Kanab Canyon of the Grand Canyon area. Farther 
north near the Arizona-Utah border, the Coconino disappears. The 
thickness of the Coconino sandstone therefore increases southward 
from the north boundary of the State.


The Coconino sandstone conformably overlies the Supai formation, 
and passes laterally into its upper part through intertonguing. 
Within the quadrangle, exposures favorable for the study of the con­ 
tact between the Supai and the Coconino sandstone are few because in 
most places this contact is on the side of inaccessible cliffs. The con­ 
tact is discussed on page 538.


The contact between the Coconino sandstone and the overlying Toro- 
Aveap formation is sharp. The crossbedded upper levels of the Coco­ 
nino sandstone are beveled to a smooth plane, and this is overlain by a 
thin, horizontal layer of fine grayish-orange to light-brown sandstone, 
which forms the base of the Toroweap formation. Horizontal beds of 
the Toroweap are in marked contrast to the large scale crossbeds of the 
Coconino. Basal beds of the Toroweap form a narrow band atop the 
Coconino that can be seen for miles along the Mogollon Rim.


From work in western Arizona, Longwell (1928, p. 39) was un­ 
certain whether the Coconino-Toroweap contact was an unconformity 
or a surface separating rocks of different origin. McKee (1938, p. 15), 
however, believed that the two formations are conformable over a 
wide area and that the Toroweap represents a change in conditions 
of sedimentation. McKee noted particularly the lack of relief, basal 
conglomerate, and other evidence which might indicate an interval of 
erosion preceding deposition of the Toroweap. He argued that "ex­ 
tensive truncation of sloping laminae in the Coconino to a perfectly 
flat surface can be accounted for only by a beveling of sediments while 
still unconsolidated."


LITHOLOGY


The Coconino sandstone is a massive very pale-orange to grayish- 
orange fine-grained conspicuously crossbedded quartz sandstone. The 
most outstanding and characteristic features of this homogeneous for­ 
mation are its uniform massiveness, large-scale crossbedding, and 
uniform fineness of grain size.
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Almost all the sand grains in the Coconino are of quartz but they 
include very minor amounts of clay and iron oxides, and scattered 
traces of feldspar and heavy minerals. The grains generally are well 
cemented by silica. In places the sandstone is almost as resistant as 
quartzite; elsewhere, it is moderately firm to friable. The grains are 
uniformly small (0.125-0.25 millimeter) and are rounded to sub- 
angular. Most of the grains are pitted and frosted; some grains are 
stained with iron oxide but a few are clear.


Iron oxides and claylike impurities form thin threadlike lines be­ 
tween laminae as observed on surfaces broken oblique to the planes 
of laminae. These impurities are red to lavender and are as much as 
several inches thick at the base of the large wedge-shaped crossbeds. 
Some brown to purplish-brown diffusion bands are cut at an angle 
across the lamination planes. The smooth surface of these slabs have 
an attractive color banding.


The entire formation consists of sweeping crossbeds as much as 
50 feet long, which are truncated and then overlain by other cross­ 
beds, so that the beds form irregular wedges. Each wedge consists 
of thin, inclined laminae which form subparallel concave curves that 
flatten downward and become tangential to a plane of truncation at 
their lower ends. The wedges differ considerably in thickness, and 
the cross-laminae dip at angles of 15°-30°. The dip of a majority of 
the foreset beds in the Clarkdale quadrangle is to the south, and this 
prevailing direction is responsible for the shape of the erosional pin­ 
nacles and peaks between Henderson and Cow Flats. Here the peaks 
have asymmetrical profiles and the slopes are more gentle on the 
south than on the north. This erosional pattern apparently is caused 
by the sandstone on the south sides weathering along dip slopes of 
the crossbeds, Avhereas that on the north sides breaks along- vertical 
joints to form cliffs.


The Coconino sandstone typically weathers into slabs and blocks 
and readily splits into individual thin beds with smooth even sur­ 
faces along the bedding planes. Strong northeastward- and north­ 
westward-trending joints in the northeast corner of the quadrangle 
have also been a factor in causing the sandstone to weather into
blocks. Ripple marks occur locally on the surfaces of slabs.


AGE AND CORRELATION


Darton (1910, p. 21, 27) proposed the name Coconino for the ex- 
posures Of the sandstone in the walls of the Grand Canyon. The 
Hermit shale below the Coconino in the Grand Canyon region has 
been determined by White (1929) as late early Permian in age from 
its flora, and, according to McKee (1938, p. 217), the Kaibab lime­ 
stone above the Coconino is definitely of middle Permian (Leonard)
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age. The Coconino, therefore, must also be of Permian age. Foot­ 
prints, especially Laoporus, correlate with Lyons sandstone of Colo­ 
rado, and others (McKee, written communication, 1955).


TOROWEAP FORMATION


DISTRIBUTION


The Toroweap formation was defined by McKee (1938, p. 12) 
from his extensive studies in northwestern Arizona. He subdivided 
the Kaibab limestone originally described by Darton (1910, p. 
28) into the Toroweap formation and the Kaibab limestone (re­ 
stricted). This division was based on unconformable relationship 
between the two formations, on characteristic faunas of each forma­ 
tion, and on distinctive lithology of each formation.


In the Clarkdale quadrangle the Toroweap formation occurs only 
in the northern part, and it extends no more than 2% miles south of 
the north boundary. The Clarkdale quadrangle is about the southern 
limit of the formation in this part of Arizona. The Toroweap forms 
a narrow band immediately above the Coconino sandstone and below 
the Kaibab limestone in the summit areas of Casner Mountain and 
the Mogollon Eim. North of Sand Flat and east of the Perkinsville- 
Williams road the formation crops out from beneath the lava about 
iy2 miles east of Sand Flat and forms a part of the Mogollon Rim.


THICKNESS AND STRATIGRAPHIC RELATIONSHIP


The thickness of the Toroweap formation in the Clarkdale quad­ 
rangle ranges from 150 to 165 feet as measured at three localities 
within a distance of 9% miles. The thickness of the Toroweap meas­ 
ured by McKee (1938, p. 187-188) in Aubrey Cliffs, which is north­ 
west of Seligman, Ariz., is 299 feet thick. It is 361 feet thick (McNair, 
1951, p. 535) at South Hurricane Cliffs in the Grand Canyon region. 
The Toroweap becomes thicker from the quadrangle toward the 
northwest corner of the State.


The Toroweap formation conformably overlies the Coconino sand­ 
stone with a sharp contact. The conspicuous crossbedding of the 
Coconino is beveled on top and covered by horizontal bedding of the 
Toroweap.


The Kaibab limestone overlies the Toroweap formation and the con­ 
tact between these formations is easily recognized. The upper part of 
the Toroweap consists of soft mudstone and siltstone beds which 
readily break down into slopes, whereas the Kaibab limestone is a 
cliff-forming unit. The contact is placed immediately below the up­ 
permost yellow massive sandstone at the base of the Kaibab limestone. 
This sandstone grades upward into the overlying limestone, and is 
believed to be reworked Toroweap. The upper contact of the Toro-







544 CONTRIBUTIONS TO GENERAL GEOLOGY


weap is a gently undulating surface. In most places the contact, 
where exposed, is on the face of a cliff, so cannot be studied in detail. 
Talus from the overlying Kaibab limestone commonly conceals it. 
McKee (1938, p. 28-35) cited many places in other parts of the 
region where there is evidence of an unconformity between these 
two formations.


LITHOLOGY


The Toroweap formation, defined by McKee (1938, p. 12, 17), 
includes those beds of sandstone, limestone, and gypsum unconform- 
ably beneath the Kaibab limestone and conformably above the Co- 
eonino sandstone. At the type locality in Toroweap Valley in the 
Grand Canyon area, McKee (1938, p. 13,17-28) divided the formation 
into three members: upper red member (a) that represents a time of 
receding sea, middle limestone member (/?) that represents a time of 
a sustained sea, and lower member (7) that represents a time of 
advancing sea. He reported that eastward these members lose their 
identity through interfmgering of units where the formation consists 
of sandstone only. For this reason, he divided the formation laterally 
into western and eastern phases and designated the intermediate area, 
where sedimentary types are mixed, as the transitional phase of depo­ 
sition.


In the Clarkdale quadrangle the lithology of the Toroweap indicates 
that it is a part of the transitional phase where possibly the members 
of the western phase are partly formed and intertongue with sand­ 
stone of the eastern phase. Here the formation can be subdivided 
lithologically into three main units, which consist from bottom to top 
of red to buff sandstone, calcareous sandstone and arenaceous lime­ 
stone, and alternating red and buff sandstone, siltstone, and some 
shale including a few white fine-grained pure sandstone beds inter­ 
calated. These units may be the easternmost, recognizable equivalents 
of McKee's three units.


The basal rock unit is a grayish-orange medium-grained argillaceous 
sandstone, which grades upward into a grayish-orange-pink to light- 
gray fine-grained calcareous sandstone in the eastern part of the 
quadrangle. The uppermost 2 feet of this unit is a white coarse­ 
grained clean sandstone. Bedding is massive, and the unit commonly 
forms a cliff. Westward this unit of sandstone grades laterally into 
pale-reddish-brown and grayish-orange very fine grained calcareous 
sandstone which is in beds 1-10 inches thick. This unit is progressively 
calcareous and thicker from east to west. It ranges in thickness from 
9 feet in the eastern part to 15 feet in the western part of the Clarkdale 
quadrangle. Probably this unit is laterally equivalent to the lower 
red member (y) of McKee's western phase of deposition of the Toro­ 
weap formation.
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In the Clarkdale quadrangle, the most prominent unit of the Toro- 
weap formation is the middle unit. The eastern part of this unit is 
very calcareous sandstone which grades laterally to the west into a 
very sandy limestone. The unit increases in thickness westward from 
15 to about 80 feet, but averages about 50 feet throughout the area. 
It forms a massive cliff and because of its yellowish-gray color, which 
is in contrast to the darker units above and below, it appears at a 
distance as a narrow ribbon visible for many miles along the upper 
part of the Mongollon Rim, above the precipitous Coconino Cliffs.


East of the quadrangle the middle unit of the Toroweap loses its 
identity in a sequence of sandstone beds that constitute the eastern 
phase. The basal few feet of this unit is composed of siltstone which 
contains a light-greenish-gray and grayish-orange-pink mottling. 
The unit as a whole characteristically weathers into cavities, several 
inches in diameter, that appear to have been formed by the weathering 
out of fossils; however, these cavities are the result of differential 
weathering, for no fossils were seen in the Toroweap formation in 
this locality. This unit probably grades laterally into the middle or 
limestone member (/?) of McKee's threefold division of his western 
phase.


Above the arenaceous limestone-calcareous sandstone (middle) unit 
is a sequence of alternating grayish-orange to buff and pale-reddish- 
brown sandstone and siltstone and some shaly mudstone. This upper 
unit averages about 90 feet in thickness, and is a typical redbed series. 
Most of the rocks in this sequence are very friable, soft, and break 
down easily into slopes. The unit is progressively more thin bedded, 
more calcareous, and includes more redbeds westward from the Clark­ 
dale quadrangle. In the eastern part of the quadrangle, in contrast, 
redbeds are absent and the section consists of light noncalcareous 
sandstone only. A few light-gray to white and a few variegated red­ 
dish-brown clean sandstone beds are intercalated in this sequence. 
The upper unit probably is equivalent to the upper red member (a) 
of McKee's western phase of deposition.


AGE AND CORRELATION


McKee (1938, p. 217) reported that the marine fauna of the Toro­ 
weap formation is not yet well enough known for critical analysis. 
Because the overlying Kaibab limestone (as redefined by McKee) has 
been definitely established as being of middle Permian (Leonard) age, 
and because the upper part of the Supai formation and the Coconino 
sandstone are definitely Permian, the Toroweap formation must be of 
Permian age.
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KAIBAB LIMESTONE


DISTRIBUTION


Darton (1910, p. 28) changed the name Aubrey limestone of Gilbert 
(1875, p. 177) to Kaibab limestone, because the term Aubrey had been 
adopted by the U. S. Geological Survey for the group of which this 
limestone forms a part. From detailed work in the Grand Canyon 
area, Noble (1914, p. 70) divided the Kaibab limestone into members 
because large parts of it are not limestone, but sandstone, red beds, and 
gypsum. Following the work of Noble, other workers, especially 
McKee, have studied the Kaibab limestone in great detail. In 1938, 
McKee published the results of his study; he reported that the Kaibab, 
as originally defined, contained the deposits of two, rather than one, 
advances and retreats of the sea. He therefore divided the Kaibab into 
two formations the Kaibab limestone and the Toroweap formation. . 
This classification and terminology is used in this report.


The Kaibab limestone is restricted to the northern part of the Clark- 
dale quadrangle where it occupies summit areas as a narrow white 
peripheral band near the top of Casner Mountain and along the 
Mogollon Rim. In many places, overlying basalt conceals the Kaibab, 
but the basalt has been eroded from large areas of the flat plateau sur­ 
face, north of Henderson Flat, and in these places the Kaibab is 
exposed. Even at a distance the Kaibab can easily be differentiated 
from the underlying Toroweap, and, like the Toroweap, it can be 
traced for many miles along the Mogollon Rim.


THICKNESS AND STKATIGRAPHIC RELATIONSHIP


A complete section of the Kaibab limestone does not exist in the 
Clarkdale quadrangle. The limestone is thickest where it is protected 
from present erosion by overlying basalt, but even in these places, a 
considerable part of it had been removed before extrusion of the ba­ 
salt. The maximum thickness of the Kaibab limestone in the quad­ 
rangle is about 250 feet. About 2 miles north of the quadrangle and 
on the west side of Sycamore Canyon, McKee (1938, p. 186-187) 
measured a, complete section of Kaibab that totaled 360 feet.


The Kaibab limestone unconformably overlies the Toro^oap. The 
contact between the two formations is gently undulating in the dark- 
dale quadrangle, and although this does not prove an unconf ormable 
relationship, the detailed work of McKee (1938, p. 28-35) in northern 
Arizona, establishes the unconformity. In the Clarkdale quadrangle, 
(he contact is in most places inaccessible, for it is concealed by talus 
from the Kaibab. This contact is considered to be at the base of a 
yellow fine-grained sandstone which grades upward into limestone of 
the Kaibab. The sandstone appears to be reworked sediment from 
the Toroweap formation.
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. The Kaibab limestone is in places exposed at the surface but else­ 
where is covered by basalt of probable Tertiary or later age. A con­ 
spicuous unconformity exists between the Kaibab and the overlying 
basalt.


LITHOLOGY


The Kaibab is a heterogeneous mixture of rock types, only part of 
which are limestone. It consists of beds of sandy limestone and sand­ 
stone that alternate with layers of chert. Although the Kaibab was 
not studied in great detail in this investigation, its lithology and gen­ 
eral character suggest that in the Clarkdale quadrangle it is char­ 
acteristic of facies 2 of the beta member as described by McKee (1938, 
p. 45,46-47).


The Kaibab as a whole is relatively thin bedded and commonly forms 
a cliff or a steep slope composed of small cliffs and ledges. Most of the 
bedding planes are distinct and some are abundantly fossiliferous, 
especially containing large brachiopods of the genus Dictyoclostm. 
Chert is increasingly abundant upwards in the section and, on the 
surface of the plateau, in places where the Kaibab has been exposed to 
erosion, fragments of chert weathered from the formation blanket the 
surface.


At the base of the Kaibab is a grayish-orange fine-grained calcareous 
sandstone, 6-18 feet thick, which grades upward into a very pale- 
orange to pale-yellowish-orange sandy limestone. The sandstone con­ 
tains very fine wavy laminations, but generally has a massive appear­ 
ance. This sandstone seems definitely to consist of sediments of Toro- 
weap age reworked by the transgressing Kaibab sea. The sandstone in 
many places contains horizontal lavender streaks which represent ar­ 
gillaceous impurities. It weathers as a cliff wall but is slightly re­ 
cessed with respect to the overlying limestone. Kocks of the Toroweap 
below the basal sandstone of the Kaibab are much softer, and thus 
form slopes.


The limestone beds of the Kaibab range from 1 to 8 feet in thickness, 
are moderate to very sandy, and are very pale orange to pale yellowish 
orange and light gray. The bedding is fairly regular. The light- 
gray limestone is generally less sandy than the pale-yellowish-orange 
limestone. Scattered calcite crystals (1-4 millimeters) are charac­ 
teristic. Sand grains are fine and uniform in size, are subrounded to 
subangular, and are predominantly of quartz.


The sandstone beds are conspicuous in the sequence about 150-200 
feet above the base of the Kaibab. They are yellowish gray to nearly 
white, calcareous, fine grained and somewhat friable. The sand grains 
are subroundeol to subangular. Crossbedding is present .but not prom­ 
inent. The bedding of the sandstone is more massive than that of


420029 58   6 . - ' \ ', , '. :
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the limestone, and ranges in thickness from several feet to as much as 
15 feet.


Only a few thin beds of chert are present in the lower part of the 
3£aibab. The chert is more abundant towards the top, and particularly 
so, about 230 feet up. Much of the chert occurs as large balls almost 
8 inches in diameter. The resistance of chert to weathering results 
in its accumulation as chips and blocks concentrated on the surface of 
the Kaibab. The chert is dull yellowish gray to nearly white and 
shows relict textures of sand grains. The weathered surfaces of the 
chert are grayish orange or dark brown.


AGE AND CORRELATION


The Kaibab limestone is Permian in age. McKee (1938, p. 217) 
reported that he had established a middle Permian (Leonard) age by 
the brachiopod fauna of the formation. He correlated the Kaibab 
with the upper part of the Leonard formation of Texas and believed 
it to be equivalent to the San Andres formation of New Mexico, the 
Chiricahua of Stoyanow in southern Arizona, and probably the 
Phosphoria formation, in part of Utah, Idaho, and Wyoming.


UNCONFORMITY AT THE BASE OF THE TERTIABY ROCKS


Based upon the proximity of Lower Triassic rocks of the Moenkopi 
formation 4 (Price, 1949) in Sycamore Canyon to the north of the 
Clarkdale quadrangle, it is evident that during the interval between 
Triassic and late Tertiary, the area was uplifted and tilted to the 
northeast. If Jurassic or Cretaceous sediments were ever deposited 
in this region, erosion, since then, has erased all evidence. Erosion
removed about 2,100-2,300 feet of Paleozoic rocks from the Woodchute
Mountain area, and 3,200-3,600 feet from the Mingus Mountain quad­ 
rangle, farther south (Anderson and Creasey, 1957). An unknown
thickness of Precambrian rocks probably have been eroded. A surface 
marked by considerable relief was formed by erosion of these rocks, 
Tertiary basalt and gravel of the Hickey formation accumulated on
this erosion surface.


CENOZOIC BOCKS


Lacustrian deposits and thick accumulations of other sediments,
which consist mostly of coarse materials but contain some fine sedi­ 
ments, were deposited in many valleys and in basins of central Arizona
as a result of uplift and crustal disturbances during late Miocene or 
early Pliocene time. Furthermore, interbedded lava flows indicate


that volcanism was widespread in this region. Tne thickness of the 
deposit is variable, aid for most areas is unlmown, In some localities


4 Price, W. E., Jr., 1948, Rim rocks of Sycamore Canyon, Arizona: Unpublished thesis 
in files of the University of Arizona. . , : 
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data from wells give a minimum figure, which exceeds several thou­ 
sands of feet. The deposits are nearly barren of fossils, and only 
locally have they been dated precisely through discovery of vertebrate 
remains. In most places, their age must be considered tentative.


Within the Clarkdale quadrangle Cenozoic rocks consist of the 
Hickey formation of probable Pliocene age; the Verde and Perkins- 
ville formations, which are tentatively correlated with each other, 
and which are younger than the Hickey; Quaternary gravel; and 
Recent river terrace and riverwash deposits. The Hickey formation 
is separated from the Perkinsville and Verde formations by structural, 
physiographic, and, in part, lithologic evidence.


HICKEY FORMATION


DISTRIBUTION


The Hickey formation was named by Anderson and Creasey (1957) 
from exposures of lava flows and gravel on Hickey Mountain, which 
is just south of Woodchute Mountain. According to Anderson and 
Creasey some of the lava and gravel in Lonesome Valley on the west 
side of Hickey and Mingus Mountains also are part of the Hickey 
formation. The physical continuity between rocks of the Hickey 
formation in Lonesome Valley and those on the summit of Mingus 
Mountain is broken by the marginal fault along Mingus Mountain. 
From the summit area of this mountain, the Hickey formation extends 
northward into the Clarkdale quadrangle.


The Hickey formation in the Clarkdale quadrangle is, to a large 
extent, confined to the high topographic features. Areas which struc­ 
turally have been lowered and isolated from the larger masses are ex­ 
ceptions. The sedimentary rocks of the Hickey formation in the 
Clarkdale quadrangle appear to be stream deposits, confined to north­ 
ward- and northeastward- trending relict channels beneath the volcanic 
flows. Judging from the pattern of outcrops (pi. 45), two major 
channels seem to be represented : one trends northeastward from the 
southwest corner of the quadrangle, and the other trends northward 
from Jerome; they join near the headwaters of S 0 B Canyon, and 
extend from there in a northeasterly direction, and pass through the 
west side of Black Mountain. Other minor channels tributary to the 
major ones are present in many places at the base of the volcanic flows 
of the Hickey formation.


The volcanic rocks of the Hickey formation cover the top of Wood- 
chute Mountain and extend southward as a capping on Mingus Moun­ 
tain. On the north side of Woodchute Mountain, they occur on the 
tops of ridges which radiate out from the mountain. Large patches 
of the volcanic rocks occur northward from Jerome in the hanging- 
wall block of the Verde fault. Much of the Hickey probably extends
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eastward from the Jerome area for some distance, probably as faulted 
segments, under the younger Verde formation. In the central part 
of the quadrangle the Hickey blankets the Antelope Hills, and occurs 
as isolated remnants on both sides of the Verde River in the vicinity 
of Mormon Pocket. Black and Casner Mountains are also capped 
with Hickey formation. Atop the plateau it forms outliers and parts 
of a broad, volcanic sheet that extends far to the north over the plateau 
surface.


THICKNESS AND STRATIGRAPHIC RELATIONSHIP


Regionally, the Hickey formation is variable in proportion of vol­ 
canic to sedimentary rocks. Flows coalesce and interfinger with each 
other and with thick deposits of detrital material which accumulated 
in valleys and basins. In the Clarkdale quadrangle, the Hickey for­ 
mation consists of much more volcanic than sedimentary rocks.


The thickness of the Hickey formation is extremely variable, owing 
to the fact that it accumulated on a highly irregular surface. The 
quadrangle has no complete sections because erosion has removed dif­ 
ferent amounts from the top of the formation.


The most conspicuous exposure of the Hickey formation occurs on 
Woodchute Mountain. Here, about 1,400 feet of volcanic flows occur 
plus about 50 feet of gravel in minor channels at the base of the flows. 
In the Antelope Hills in the central part of the quadrangle, the vol­ 
canic rocks of the Hickey formation range in thickness from 100 to
300 feet. The thickness of the volcanic rocks of the Hickey forma­ 
tion on Black Mountain ranges from almost 50 feet on the northeast 
side to more than 500 feet on the southwest side. On Casner Moun­ 
tain and on the part of the plateau which projects into the northern 
part of the quadrangle these volcanic rocks are as much as 250 feet 
thick and are even thicker to the north away from the plateau edge.


Tka cKarmels containing tne sedimentary rocks of the Hickey for- 
mation range from a few feet to more than several hundred feet in
depth. The maximum, tliiclmess or the sedimentary rOCKS OT thft


Hickey formation within the Clarkdale quadrangle is on the west side
of Black Mountain along Sycamore Canyon.


Deformation and erosion followed accumulation of the Hickey 
formation so the younger Verde and Perkinsville formations overlie 
it unconformably. In the southwest corner of the Clarkdale quad­ 
rangle Quarternary gravel beds, which extend southwestward into 
Lonesome Valley, mask the Hickey formation. This gravel may rep­ 
resent tke means by wnion the extensive pediment surface was carved
in the valley,


LITHOLOGY


Sedimentary rocks. The sedimentary deposits of the Hickey 
formation in the Clarkdale quadrangle are believed to be relics of 
former stream deposits beneath the volcanic rocks and they consist of
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materials that are variable both in composition and in grain size. 
Also, the thickness of these deposits within the quadrangle ranges from 
a few inches to about 200 feet. The gravel grades from fine to coarse 
and includes some silt and sandy beds and lenses. The degree of sort­ 
ing and the formation of bedding differ greatly. The sandy beds- 
are well sorted and many are intercalated as lenses within beds that 
contain large boulders. These rest in a matrix of unsorted cobbles, 
pebbles, and silt. There are also local, well-bedded gravel beds 
throughout the formation. Most beds contain some angular to sub- 
rounded boulders 2-4 feet in diameter, although the average diameter 
of the gravel probably is 2-8 inches.


The degree of consolidation of the gravel in the Hickey formation 
is variable, and in many places the gravel beds are so weakly bound 
together that they do not withstand weathering. Elsewhere the gravel 
is well lithified with lime cement and clay matrix.


Gravel of the Hickey formation includes lithologic representatives 
of the Paleozoic formations within the quadrangle; a small amount of 
basaltic material derived from the penecontemporaneous Tertiary 
volcanic rocks of the Hickey formation; and Precambrian rocks that 
consist of quartz diorite porphyry, Deception rhyolite, breccia of the 
Spud Mountain volcanics, foliated rocks that include hornblende schist, 
alaskite, aplite, quartz porphyry, and rocks that resemble those of the 
Grapevine Gulch formation and gabbro. Basaltic gravel of Ter­ 
tiary age forms a minor percentage of the total deposits. Inasmuch 
as the channels that contain these gravel deposits are below all the 
lava flows in the quadrangle, the presence of lava among the gravel 
indicates that some volcanism was active in the region to the south 
and east of the quadrangle before the major outpouring of lava during 
Hickey time. Probably the source of the gravel was to the southwest 
of the Clarkdale quadrangle, although more information on the Pre­ 
cambrian rocks of central Arizona is necessary before a more positive 
statement can be made. Many of the gravel deposits of Precam­ 
brian rock types appear to have been derived from sources of restricted 
occurrence. Anderson (oral communication, 1953) stated that foliates 
such as the hornblende schist are common in the Prescott quad­ 
rangle where the grade of metamorphism is higher than in the Mingus 
Mountain quadrangle. Furthermore, he reported that there is no 
alaskite and very little aplite in the Mingus Mountain quadrangle, 
whereas Krieger 5 has mapped these rocks in the southeastern corner 
of the Prescott quadrangle. The breccia of the Spud Mountain vol­ 
canics has been mapped by Anderson and Creasey (1957) along the 
west margin of the Black Hills in the Mingus Mountain quadrangle,


5 Krleger, M. H., A study of the geology of the Prescott quadrangle, Arlz., unpublished 
report.
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and Kreigor has mapped large areas of the breccia in the Prescott 
quadrangle.


Volcanic rocks. The volcanic rocks of the Hickey formation con­ 
sist almost entirely of basalt flows, but contain small amounts of 
detrital accumulation of basalt, andesite flows, and thin beds of pumi- 
ceous tuff.


The individual flows range in thickness from about 20 to almost 
60 feet, but probably average 40-50 feet. They are massive although 
in places somewhat vesicular and some have scoriaceous tops. 
Brecciated zones consist of angular fragments and blocks of both 
scoriaceous and massive material. Columnar jointing is common and 
is most frequently observed on steep slopes or cliffs where talus does 
not obscure the tiers of the flows.


The basalt of the Hickey formation is typically medium gray to 
grayish black on fresh surfaces but weathers brown on exposed sur­ 
faces. Megascopically it is mostly porphyritic with an aphanitic 
groundmass. A majority of the phenocrysts are glassy olivine, or 
iddingsite pseudomorphs after olivine, but augite and feldspar 
crystals have been recognized in hand specimens. Under the micro­ 
scope the basalts appear completely holocrystalline. The textural 
varieties range from intergranular, where interstitial augite occurs 
in an aggregate of grains and not in large crystals, to subophitic, 
where the plagioclase and olivine crystals are separated by inter­ 
stitial pyroxene and scattered iron ores. Intergranular textures are 
the most common.


The mineralogy of the basalts consists of a typical olivine basalt 
assemblage. Minerals present are olivine, plagioclase, pyroxene, 
magnetite, and some calcite. The olivine crystals are euhedral and 
are porphyritic or glomerophorphyritic; olivine also is present in the 
groundmass. Some olivine phenocrysts show rims, as well as whole 
crystals, which are altered to iddingsite, and still others are serpen- 
tinized The interstitial Olivine in the groundmass is less altered than


the phenocrystic olivine. Plagioclase feldspar OCCUFS RS phenOCrjStS 
but more commonly is confined to the groundmass. The plagioclase 
is between Ane0 and An70. The pyroxene is a greenish-gray augite 
with a weak purplish tint. The plagioclase and pyroxene appear to
have two distinct associations within the groundmaSS; in SOHie TOcks 


the plagiOClaSe feWSpar IS Ul euhedral prisms in a matrix of olivine


and pyroxene, whereas in otKer rocks interstitial pkgioCkSG SGpftflltCS


euhedral pyroxene prisms. Magnetite OCCUFS either as dust particles
throughout the rock, or as scattered grains of coarse size. The rock is


a light gray where the magnetite is in large grains, and grayish black
where the magnetite is disseminated as fine dust. Calcite in the basalt 
is assumed to be secondary. :
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Basalt in dikes, which are present at the base of the Mogollon 
escarpment just north of Henderson Flat and on top of Packard Mesa 
above the Verde Kiver, is similar in mineralogic structure and assem­ 
blage to that in the flows. Some of the dikes also have calcite amyg- 
dules. Many dikes that are too small to map, are present along the 
Jerome-Perkinsville road in the. vicinity of Woodchute Mountain.


In areas where there is little topographic relief, the basalt decom­ 
poses at the surface and forms a thin layer of brown powdery soil. 
The residual soil contains abundant angular fragments and boulders 
with rounded edges which were derived from the lava.


Included in the volcanic rock series are local biotite- and horn­ 
blende-bearing lava flows, which probably are andesites but which are 
too small to differentiate on plate 45. Localities in which these rocks 
were noted are on top of the hill at First View Pass on the Jerome- 
Perkinsville road (coordinates E. 432,500; N. 1,374,500), at the base 
of the volcanic rocks of the Hickey formation southwest corner of 
the quadrangle (coordinates E. 406,500; N. 1,371,000) and in the hill 
which projects into the west boundary of the quadrangle (coordinates 
N. 1,371,000). Similar rocks may occur elsewhere among the volcanic 
rocks of the Hickey formation. In the Prescott quadrangle, to the 
southwest, Krieger 6 separated biotite and hornblende andesites from 
the upper Tertiary (?) rocks; large areas of andesite occur in the 
Paulden quadrangle.


The tuffaceous and basaltic sedimentary rocks of the Hickey for­ 
mation are composed of pyroclastic materials and of materials derived 
from the basalt flows, which accumulated in local depressions during 
lulls of volcanism. The rocks are pale red, grayish red, and light 
brownish gray and are well sorted and bedded. The detritus is nearly 
all basalt; it ranges from microscopic particles to pieces the size of 
hickory nuts, all of which are subangular to subrounded. Locally 
the sedimentary rocks contain vitric and crystal fragments. Opaline 
material commonly fills the interstices surrounding large particles. A 
good exposure of these sedimentary rocks is in the roadcut leading 
to the summit of Black Mountain on the east side. Thin wedges of 
rocks also are present between flow-layers on Woodchute Mountain. 
They have been described by Anderson and Creasey (1957) and occur 
along Highway 89A where it crosses the summit of Mingus Mountain.


A single deposit of tuffaceous sedimentary rocks, that contains 
largely pumice, quartz grains, and a few scattered crystal grains of 
olivine, pyroxene, and unidentifiable minerals, is present in the south­ 
west corner of the quadrangle (coordinates N. 1,376,000; E. 407,500). 
This deposit is in beds %-l inch thick. They are white and gray in


  Krieger, M. H., op. clt. . ... . ,. .







554 CONTRIBUTIONS TO GENERAL GEOLOGY


alternating bands which are reminiscent of varved sediments. Most 
of the light beds generally are coarse grained and are composed almost 
wholly of pumice fragments, but they contain some quartz grains and 
scattered dark minerals; all grains are rounded to subrounded, Com­ 
parable pumice-bearing, tuffaceous sediments were recognized by 
Anderson and Creasey (1957) in one small area in the Mingus Moun­ 
tain quadrangle and Krieger (written communication, 1955) has 
found similar beds associated with andesite in the Pauldren quad­ 
rangle. Widespread occurrences of rhyolitic tuff are common near 
Prescott and farther south.


AGE AND CORRELATION


The age of the Hickey formation is unknown because no diagnostic 
fossils have been discovered in it. Kreiger 7 and Anderson and Creasey 
(1957) had assigned the Hickey to the Pliocene (?), but this age deter­ 
mination is based largely on inference which can be summarized as 
follows: (1) Much of the satisfactory dating of the Cenozoic basin 
deposits in central Arizona, which are similar to the Hickey forma­ 
tion, has been made to the Pliocene epoch (Gidley, 1922 and 1926; 
Knechtel, 1936, p. 86-87); (2) fragmentary antelope and llamalike 
camel bones found in late Tertiary (?) rocks near Prescott do not pre­ 
clude the possibility of a Pliocene age (Anderson and Creasey, 1957); 
(3) the complexity of geologic events subsequent to deposition of the 
Hickey formation does not favor a Pleistocene age for the Hickey; 
and (4) general similarity to gravel of early Pliocene age, 20 miles
south of Prescott near Milk Creek in the Walnut Grove basin (Ander­ 
son and Creasey, 1957).


The possibility exists that gravel at the base of the Hickey is sig­ 
nificantly older than gravel deposits such as those in Lonesome Valley
which are higher in the section. The youngest formation older than 
the Hickey known in the vicinity of the Clarkdale quadrangle is 
the Moenkopi formation Of Triassic age. Any gravel that accumu­ 
lated between Moenkopi and the beginning of Hickey time might be 
included in the basal gravel of the Hickey formation, for there is


no criterion by which they could be separated. Price (1950a, p. 505-
507), Who Studied these gravel deposits about a mile north of the


ciarkdau aJ-ea in Sycamore Canyon, believed that they are probably 
Miocene to Pliocene in age.


Robinson (1913) recognized three general periods of volcanic ac­ 
tivity of the San Franciscan field in the Flagstaff-Williams area of the 
plateau first period, basalt flows; second period, andesite and rhyolite 
flows; and third period, basalt flows. In the Clarkdale quadrangle,
two periods of volcanism are recognized older basalt flows


7 Krieger, M. H., op. clt.
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and younger basalt flows (Perkinsville and Verde). It is possible that 
the volcanic rocks of the Hickey represent Kobinson's first-period ba­ 
salt flows, and that the younger volcanic facies of the Perkinsville and 
Verde represent his third-period basalt flows. Robinson (1913, p. 88) 
stated that some of the basalt of the third period flowed off the edge of 
the plateau and reached the lower Country to the south, which is pre­ 
cisely the relationship of the volcanic flows of the Perkinsville and 
Verde formations. Robinson (p. 91-92) placed the first-period basalt 
in late Pliocene. He arrived at this age determination by correlating a 
supposed peneplain, upon which the older basalt rests, with a similar 
feature in the physiographic cycles of southern Nevada in the Basin 
and Range province. However, significant data obtained by Koons 
(1945) on the prelava surface of erosion, indicates that early concepts 
of a buried peneplain are not supported by the facts. Robinson's age 
designation, therefore, seems inconclusive.


Lake deposits of the Bidahochi formation in the Hopi Butte Country 
east-northeast of Flagstaff are of middle or late Pliocene age 
(Williams, 1936; Hack, 1942). Stratigraphically, this formation has 
been shown to be older than the oldest lava of the San Franciscan field 
by Childs (1948, p. 378) who traced a pediment which truncates the 
Bidahochi formation from the Hopi Buttes to northeast of Flagstaff, 
where Robinson's first-period basalt is above the pediment. He there­ 
fore suggests a very late Pliocene or early Pleistocene age for the oldest 
basalt.


In the Clarkdale quadrangle evidence shows that erosion produced 
about 1,300 feet of relief after the accumulation of the Hickey but 
before the accumulation of the Perkinsville and Verde formations. 
This erosion, introduced by regional uplift, resulted in southward 
drainage, which generally has persisted to the present, and this pattern 
was well established before the accumulation of the lava of the Perkins­ 
ville and Verde formations. This sequence of physiographic events in 
relation to the general periods of basalt flows in the quadrangle, con­ 
form to the sequence described by Robinson (1913, p. 92-95) for the 
Flagstaff region, Koons (1945, p. 179-189), for the western Grand 
Canyon region, and to those of Maxson (1950, p. 14) from work in the 
Grand Canyon. Koons correlated the stages of eruption in the Uinka- 
ret volcanic field with the stages postulated by Colton (1937) in the San 
Franciscan field, and he stated that the oldest flows antedate cutting of 
the Grand Canyon.


From his studies on the age of the Colorado River, Longwell (1946, 
p. 832) suggested that the plateau was uplifted in late Miocene or early 
Pliocene time. This age is tentatively based on the fact that the 
Muddy Creek formation is the youngest formation through which the
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ri,ver cuts. The Muddy Creek formation is believed to be as old as 
Miocene. . - , \


The local Cenozoic volcanic history of the Clarkdale quadrangle 
may be correlated with the general history of the Colorado Plateau, 
which is based on relationship of the lava to topography. Although 
the chronology of the volcanic history is clear in each aresi, attempts 
to date these events in terms of absolute geologic time is difficult.


The earliest series of plateau lava flows and those of Woodchute and 
Mingus Mountains are probably contemporaneous, but this cannot be 
proved. Undoubtedly, lava from different centers coalesced with 
other lava that erupted within the same general period. The location 
of these areas of coalescence is unknown because of the similarity of the 
extrusive material from the different centers. Woodchute and Mingus 
Mountains are composed of a very thick sequence of lava flows and a 
few interbedded sedimentary deposits, therefore, they probably are 
close to a locus of extrusion.


Basaltic dikes north of Henderson Flat are considered to be feeders 
for the volcanic flows in the Hickey formation for the following 
reasons: These dikes are not spatially associated with the young 
basalt of the Perkinsville and Verde formations which, for the most 
part, flowed south into the quadrangle from the plateau. With the 
exception of Black Mesa southwest of Perkinsville, no centers of erup­ 
tion of the young lava flows are recognized within the Clarkdale quad­ 
rangle. In contrast, dikes spatially associated with the volcanic flows 
of the Hickey formation are common throughout the quadrangle. The 
spatial relationship of dike to flow is particularly close on the Sycamore
Canyon side of Casner Mountain.


INTERMEDIATE BASALT


Basalt flows intermediate in age between those of the Hickey and 
those of the Perkinsville and Verde occur west of Black Mountain 
along both sides of Sycamore Canyon. On the west side of the canyon
they occur at the intersection of coordinates N. 1,420,000; E. 453,000
and N. 1, 424,000; E. 456,000. Also north of here two very small
exposures are present. On the east side of the canyon the only ex-
po  occurs at the intersection of coordinates N, 1,418,000; F.
456,500.


uri^o i«.tw«1Q<i; &t« i=,^e^it ̂ c^ores ITV thickness from 50 to 150 feet and 
COnSistS Of Several flOWS, The lowermost flow rests on a smootn sunaop


of the Supai formation which is inclined slightly SOUthW9,rd. IflO


northernmost isolated patch of basalt On the W6St Side Of Sycamore
CanVOfl IS ft P1US' ^w g^^®* ls associated with these lava flows.


Both megascopically and microscopically the intermediate basalt,
which is typical olivine basalt, is similar to other basalt flows in the
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quadrangle. It is holocrystalline throughout, with an intergranular 
texture. As seen in thin section, the phenocrysts consist of olivine, 
plagioclase, and augite, separated by interstitial olivine, plagioclase, 
and aggregate augite. The plagioclase is calcic labradorite; the olivine 
is partly altered to iddingsite. A high percentage of magnetite grains, 
distributed throughout the groundmass, also occur in the basalt.


The lava of the Hickey formation is older than the intermediate 
basalt, which was first recognized because of its relationship to topog­ 
raphy. The base of the basalt flows is 500 feet lower than the base 
of the lava of the Hickey which indicates the amount of erosion which 
must have taken place here between the two periods of extrusion. 
There is no gravel beneath the intermediate basalt. Gravel beneath 
the lava of the Hickey on Black Mountain are in channels which are 
at a higher altitude than the topographic surface upon which the 
intermediate basalt rests. If the surface upon which the intermediate 
basalt now rests was present at the time of deposition of the Hickey, 
then there should be gravel beneath the intermediate lava owing to 
its relationship to topography at that time.


The volcanic rocks of the Perkinsville and Verde are younger than 
the intermediate basalt, which was extruded before the canyon-cutting 
phase of Sycamore Canyon. This is indicated by the presence of 
basalt on both sides of the canyon. The volcanic rocks of the Perkins­ 
ville and Verde, on the contrary, were extruded after the area had 
become incised, because these flows occur near the bottom of the present 
canyon. It is unlikely that the intermediate basalt is equivalent to 
the Verde or Perkinsville and extruded from separate vents on the two 
sides of the canyon; there is no evidence of a vent on the southeast 
side.


The intermediate basalt represents a local phase of volcanism most 
closely related in time to the latest general time of volcanism (Perkins­ 
ville and Verde) rather than to the older time (Hickey). Only a 
tentative age can be assigned to the intermediate basalt, and Pliocene 
(?) to Pleistocene (?) age is favored.


VERDE FORMATION


DISTRIBUTION


Jenkins (1923) was the first to map, study, and describe the lakebeds 
in the drainage basin of the Verde River. He assigned to these beds 
the name Verde formation. The lakebeds are confined to this basin on 
the west by the Black Hills; on the east and north by the deeply 
dissected Mogollon Rim; and on the south by hills of volcanic rocks. 
The Verde formation is a thick sequence of limy lacustrian deposits, 
the areal extent of which covers mote than 300 square miles, including 
a maximum width of'15 miles and a length of 40 miles. The northwest
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limits of this formation occur in the southeast quarter of the Clarkdale 
quadrangle.
, Marginal to, and intertonguing with the fine-grained lakebed facies 
of the Verde formation is a gravel facies. This facies extends west­ 
ward from Clarkdale almost to Jerome, but northward it diminishes 
in width toward the SOB Canyon area where it forms a narrow band 
of gravel cropping out from beneath the fine-grained carbonate facies. 
Isolated patches of gravel occur near the junction of the Verde River 
and Sycamore Creek. A few patches of the gravel are present on the 
south slopes of Black Mountain and in the upper part of Sycamore 
Canyon.


The volcanic rocks of the Verde formation consist of basalt flows 
interbedded with the gravel and fine-grained carbonate rocks. Basalt 
flowed down Sycamore Canyon and then followed the course of the 
Verde Eiver canyon. Remnants of this flow are exposed intermittently 
along the inner walls of Sycamore Canyon. The largest continuous 
segment of the flow is exposed from the confluence of Sycamore 
Canyon and the Verde River canyon, south along the Verde River to 
a point about 3 miles north of Clarkdale, where it is concealed by 
younger lakebeds of the Verde formation.


THICKNESS AND STRATIGRAFHZC RELATIONSHIP


The total thickness of the Verde formation is not known because a 
complete section is not exposed. Jenkins (1923, p. 71) reported that 
the log data from a well above the smelter at Clarkdale, together with 
the thickness of additional beds exposed nearby at the surface, indicate 
a total thickness of 1,400 feet or more for this area. Also, with in­ 
formation from a well 2 miles south of Camp Verde at the south end 
of the drainage basin of the Verde River, plus the surface exposure, 
he obtained a total minimum thickness of 2,000 feet. Mahard (1949,
p. 104) measured an incomplete but detailed section along the west 
bank of the Verde River, 1 mile north of the smelter, which totaled 
733 feet. He also measured a section 1,040 feet thick 2 miles north of
where U. S. Highway 89A crosses the Verde River. These figures of


Manard must be increased by an unknown thickness lying below the
present river level if a complete thickness is to be calculated. Within


the Clarkdale quadrangle, a little more than 1,000 feet of the Verde
formation is exposed.


Following deposition of the Hickey formation, a prolonged period
of erosion ensued, and this was followed by faulting and uplift rela­ 
tive to the areas to the west and north of the quadrangle. Accumula­ 
tion of the Verde formation followed shortly thereafter, and it is in 
unconformable relationship with all the older formations with which 
it comes into contact. The gravel and lava of the Perkinsville forma-
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tion accumulated at about the same time as the Verde and they are 
tentatively correlated with it. Quaternary gravel beds have subse­ 
quently formed as pediment veneers, terraces, and river wash on the 
Verde formation.


South from the junction of Sycamore Canyon and Verde River 
canyon, two flows are exposed along the walls of the river gorge. 
The lower lava has been interpreted by Mahard (1949) to have flowed 
down SOB Canyon, and the upper lava from Sycamore Canyon. 
Observations by the writer, however, indicate that both flowed from 
Sycamore Canyon. The older flow is a single layer of basalt; its 
base is at an altitude of 4,000 feet in Sycamore Canyon but descends 
below the present Verde River bed opposite SOB Canyon a drop 
in altitude of about 550 feet. In the mouth of Sycamore Canyon, 
this older flow is about 50 feet higher than the younger, showing that 
Sycamore Creek cut down its floor about 50 feet between the time of 
the first and second lava flows. Downcutting during this interval 
may have removed all vestige of the early flow up Sycamore Canyon. 
The lava in S O B Canyon is almost accordant with the underlying 
Supai formation that dips about 15° E; this gives the erroneous im­ 
pression that the lava flowed down SOB Canyon. Actually it is part 
of the Hickey formation which was deformed during the period of 
structural adjustment which preceded deposition of the lavas of the 
Verde formation. This structure is a southern extension of a mono­ 
cline which is prominent about iy2 miles to the north. It has been 
referred to by Mahard (1949, p. 122) and Jenkins (1923, p. 70) as the 
"Railroad Bend Structure" (see page 578). The lava in S O B 
canyon is a continuation of one of the flows of Hickey age partly cov­ 
ered by the Verde formation to the southwest.


Outside the limits of the Clarkdale quadrangle, other occurrences 
of lava has been reported interbedded with the lakebeds. Mahard 
(1949, p. 108-118) reported two thin lava flows interbedded with the 
lakebeds at a point 8 miles north of Camp Verde where the Monte- 
zuma Castle highway follows the valley of Dry Beaver Creek. He 
stated that 100 feet of lakebeds separate the lower and upper flows, 
which are 23 and 34 feet thick, respectively, and that they can be 
traced northward to House Mountain. Jenkins (1923, p. 69) wrote 
that the old Verde lake was formed through the damming of the Verde 
River by surface lava flows. About 6-8 miles south of Camp Verde, 
lava and lakebeds are interbedded in about equal amounts.


LITHOLOGY


Most of the Verde formation consists of fine-grained carbonate 
rocks including limestone, calcareous sandstone, limy siltstone, and 
marl. Marginal, to, and intertonguing with these carbonate rocks 
that are interpreted as lake deposits, are gravel beds accumulated as
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fans along steep hills that probably surrounded the basin. Inter- 
bedded with these two types of rock in parts of the basin are basalt 
flows which are considered a part of the Verde formation. These 
three rock types are described separately below.


Fine-grained carbonate fades. The fine-grained carbonate rocks of 
the Verde formation consist of limestone, calcareous sandstone, and 
calcareous clay which are lenticular, and variable in proportion from 
place to place. Mahard (1949, p. 104-105) concluded from studies 
of two sections, which he measured 5 miles apart, that none of the de­ 
tailed units recognized in either section could be correlated. He also 
noted that the uppermost beds in both sections are largely composed 
of limestone. He stated 
the Verde formation is not composed of beds which were uniformly spread over 
wide areas but instead is built up of thin lenses of material of varying composi­ 
tion, the lenses overlapping and inter fingering with one another.


Limestone is the most conspicuous lithologic type in the Verde 
formation, probably because of its normal light color and its resist­ 
ance to erosion. Most of the beds are characteristically white, though 
some are light gray or pink. The rock is very hard, impure, aphani- 
tic, and vuggy. Jenkins (1923, p. 77) suggested that the hardness 
probably has resulted from reprecipitation. The beds, which range 
from 1 to 10 feet in thickness, weather into shelves or ledges, and 
some cap hills. Most of the limestone beds are argillaceous, and con­ 
tain many rounded grains of quartz. Small tubelike structures, about 
the diameter of a pencil, and several inches long, are present in many 
of the beds; these tubes closely resemble plant stems.


Sandstone, siltstone, and marl alternate with limestone beds. These 
rocks are most abundant near the margins of the formation and in 
the lower parts of exposures. Most of them are pinkish gray to 
grayish orange. A majority of the sandstone beds are fine grained 
and calcareous, and most of the grains are rounded quartz. The 
siltstone and marl are likewise calcareous. These lithologic types 
are not as resistant to weathering as limestone. They are friable, 
and Weather into Slopes, to form colluvial material.


Saline deposits are reported about 20 miles south of the Clarkdale 
quadrangle in the Verde formation in the vicinity of Camp Verde by 
Jenkins (1923, p. 73-75). He stfttfid 
here must have been the deepest portion of the old lake in which the strata 
Were formed fOr here its sediments are thickest, and here deposits of salts 
(sodium suitote, principally) are found in Quantities, S&OWing that at times 
Where tllC Iftke evaporated down to brine tne only remaining portion Of thG 
body of water was at this placG.


GrOfOel faCtG8. The gravel deposits are gray and consist of coarse to


fine gravel, sand, and silt. Sand and gravel botk are very lenticular, 
and many small channels of gravel are cut throughout the sand layers.
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The lithology of the gravel differs from place to place and reflects the 
types of bedrock surrounding the basin of accumulation. The gravel 
consists of abundant Precambrian rock fragments below Jerome, 
whereas largely rocks of Paleozoic and Tertiary ages are commonly 
found on the south slopes of Black Mountain. The gravel in Syca­ 
more Canyon, beneath and above the intracanyon basalt flow, is com­ 
prised mostly of rock types from the Mogollon Rim. The gravel is 
progressively much finer towards the area of fine-grained carbonate 
deposits. These beds appear to have been deposited primarily as fans, 
which extended into the old Verde lake, periodically interrupting ac­ 
cumulation of fine-grained lake deposits. The result is an inter- 
fingering of gravel and lake deposits.


Gravel of the Verde formation weathers into a loose, incoherent 
surface accumulation on the tops and sides of hills, and well-preserved 
exposures are few. The best exposures of these deposits are along 
U. S. Highway 89A between Jerome and Cottonwood, where roadcuts 
reveal the details of bedding and plainly show the interfingering 
relationship between gravel and lakebeds.


Volcanic rocks. Lava of the Verde formation is basaltic rock simi­ 
lar to that which occurs in other formations of the Clarkdale quad­ 
rangle. The flows are holocrystalline olivine basalt, showing inter- 
granular texture. Interstitial pyroxene crystals occur as aggregates. 
Probably a little more secondary interstitial calcite is found in these 
rocks than in other basalts. Columnar jointing is typical but there 
is no evidence of pillow structure in the flows, indicating that the old 
Verde lake may have been dry at the time of extrusion.


AGE AND CORRELATION


No diagnostic fossils have been found in the Verde formation. 
Jenkins (1923, p. 76-77) found a few poorly preserved gastropods, 
similar in appearance to some fresh-water types, which he collected 
south of Black Mountain (coordinates N. 1,404,000; E. 468,500). 
From a collection of mollusks made by Mahard (1949, p. 119) from 
the summit of a lakebed mesa, 1 mile north of the Clarkdale smelter 
on the west side of the Verde River, the following genera were identi­ 
fied : Sphaeriucm sp., Lymnaea sp., Physa sp., Gyrawlus sp., Pupilla ? 
sp. Mahard stated that species of these genera indicate an environ­ 
ment of submerged plants in a body of water not more than 10 feet 
deep. This may account for many tubelike structures, in some of the 
limestone, which appear to be plant stems.


Jenkins (1923, p. 77) suggested that the Verde formation is late 
Tertiary or very early Pleistocene in age, because he considered the 
lava, with which the Verde formation is associated, to be of late Ter­ 
tiary age. Mahard (1949, p. 126) similarly postulated a late Plio-
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cene or Pleistocene age for the Verde formation. This is based on 
Robinson's (1913) conclusions that all igneous activity associated with 
the San Francisco Mountain area falls within these time limits. 
However, as previously stated, (page 555) Robinson's dating of the 
earliest lava was based on invalid evidence.


The lava, which is interbedded with the lakebeds of the Verde for­ 
mation and which represents the youngest period of volcanism recog­ 
nized in the area, may be correlative with Robinson's third-period 
basalt flows. Robinson (1913, p. 93-95) placed these lava flows in the 
Quaternary period (Pleistocene) because of the relationship of the 
lava to topography and the lack of appreciable erosion. He noted 
that the third-period flows followed youthful drainage courses (as 
shown by the lava in Sycamore Canyon) and flowed off the plateau 
edge, which shows little subsequent recession.


From studies of the glaciation of San Francisco Mountain, Sharp 
(1942) found evidence of Wisconsin glaciation which spread outwash 
later covered by third-period basalt flows of Robinson. This, of 
course, dates the basalt at base of the San Francisco Mountains, but it 
does not show that the Perkinsville and Verde lava flows are cor­ 
relative with Robinson's third-period basalt flows. Maxson (1950, 
p. 14) favored a Pleistocene age for young lava that has flowed down 
tributary canyons to the Grand Canyon and cascaded down the walls 
of the Grand Canyon. However, it is not intended here to conclude 
that all lava flows which have flowed over canyon walls or on canyon 
floors are Pleistocene, but to indicate that they may be of the same 
general period of extrusion in this region.


The Verde formation accumulated after the major movement of 
the Verde fault which elevated and blocked out the Black Hills on 
the east, of which Woodchute Mountain is a part. The block faulting 
of the Black Hills may have started in late Tertiary time. The geo­ 
logic history following the accumulation of the Verde formation in­ 
cludes the formation of three pediment levels (Anderson and Creasey, 
1957) on the Verde formation, and the dissection of lakebeds of the
Verde by erosion SO that the present relief is now more than 1,000 feet 


in the area.


A tentative age assignment from late Tertiary (proTooMy Pliocene) 
to Pleistocene is inferred.


Even though a precise age cannot be determined for the Verde 
formation, the relative age in relation to other formations within 
the quadrangle seems clear. The Verde IS doubtless younger than 
the Hickey, and is correlated with the Perkinsville. This correlation 
is based on the belief that structural control was the cause of ac­ 
cumulation in both formations, and in relation to the present erosion 
cycle. Both the Verde and the Perkinsville accumulated after fault-
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ing of the Hickey, and uplift of the Black Hills mountain block. 
Volcanism during accumulation is a feature common to both forma­ 
tions. The lava flows of the Perkinsville which spread south over 
the rim of the plateau into the northern part of the Clarkdale quad­ 
rangle, are interpreted as contemporaneous with those intercalated 
in the Verde.


PERKINSVIIJLE FORMATION


DISTRIBUTION


The Perkinsville formation is named from the excellent exposures 
of gravel and intercalated lava flows on the north side of the Verde 
Eiver near Perkinsville. This formation, for the most part, crops 
out in the northwest quarter of the Clarkdale quadrangle, although 
a broad but short belt extends southward along the western part to 
the foothills on the northwest side of Woodchute Mountain. The 
formation extends far to the west of the quadrangle in a sheetlike 
deposit, consisting of gravel intercalated with lava; it also extends 
northward in old surface depressions on the plateau.


A period of erosion followed deposition of the Hickey formation. 
Subsequent to this erosion, there was strong tectonic activity, which 
consisted chiefly of normal faulting, but also of mild tilting of the 
strata. The topography of structural troughs where the Perkinsville 
accumulated largely controlled the distribution of the formation.


THICKNESS AND STRATIGRAPHIC RELATIONSHIP


The-thickness of the Perkinsville formation is variable, owing to 
the mode of accumulation. The thickest part within the Clarkdale 
quadrangle is between Black Mesa and the Orchard fault (coordinates 
N. 1,401,400; E. 411,750) where a drill hole cut through 200 feet of 
gravel before reaching the sandstone surface of the Supai below. 
The relief on formation outcrops in this vicinity is about 300 feet, 
indicating total thickness of about 500 feet. Exposures elsewhere 
In the quadrangle indicate thicknesses of 300 feet or more which 
seem to be normal.


The Perkinsville unconformably overlies all older formations in 
the Clarkdale quadrangle. The only younger deposits are overlying 
Quaternary terrace gravel beds along the Verde Eiver at Perkins­ 
ville and perhaps vestiges of pediment gravel which could not be 
differentiated. Biverwash also is present but is not shown on the 
geologic map of the area.


IITHOLOGY


Sedimentary rocks. The sedimentary rocks of the Perkinsville 
formation consist primarily of coarse to fine gravel, but sand, silt, 
and some limestone are also present. The gravel beds were derived
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chiefly from two source areas. Those north of the Verde River are 
from the rim sector of the plateau farther north. They consist of 
almost 60 percent basalt; but also contain sandstone from the Coco- 
nino, several rock types from the Supai formation, and limestone 
from the Kaibab, and chert. The Toroweap, which is friable for the 
most part, probably contributed materially to the matrix of the gravel. 
Gravel south of the Verde River was derived chiefly from the Wood- 
chute Mountain block and the hills west of the southwestern part of 
the Clarkdale quadrangle, and was spread northward to the Verde 
River area. Basalt constitutes almost 60 percent of these gravel beds. 
They also contain rock types representative of all the Paleozoic and 
Tertiary formations in the southern part of the quadrangle. Cobbles 
and boulders of Precambrian rocks are abundant, in contrast to a 
lack of these types north of the Verde River. Most Precambrian 
rock types appear to have been derived from gravel deposits of the 
Hickey formation, rather than directly from Precambrian bedrock.


The gravel of the Perkinsville formation is increasingly coarse 
toward source areas; sand and silt deposits are abundant near the 
Verde River. Good exposures of sand and silt occur along the rail­ 
road east of the highway bridge near Perkinsville, and gravel beds 
are well exposed for several miles up Munds Draw south of the 
Verde River and in the northward-trending canyon on the north 
side of the river at Perkinsville. The gravel is fairly well bedded, 
rounded, and evenly sorted. Bedding is less evident to the north 
and to the south, away from the Verde River, for the gravel weathers 
into loose, unconsolidated accumulations on the tops and slopes of 
hills, masking the character and detail of depositional structures.


West and northwest of Black Mesa, along the west boundary of 
the Clarkdale quadrangle but south of the Verde River is a white 
limestone bed about 4r-Q feet thick, which is interbedded with gravel. 
This limestone is thicker and more prominent west of the quadrangle 
limits than near Black Mesa. The limestone is more resistant to 
weathering than the gravel beds and therefore forms a weak ledge 
which interrupts the gentle sloping profile of the gravel hills. Frag­ 
ments of detrital sediment are scattered throughout most of the 
limestone. The limestone breaks into heavy very irregular angular 
chunks.


Volcanic rocks. The volcanic rocks of the Perkinsville formation 
except those on Black Mesa and two isolated exposures that form a 
thin band between gravel beds just south of the mesa came from 
north of the Clarkdale quadrangle. These flows were all extruded 
probably in the vicinity of Bill Williams Mountain which is 13 miles 
north of the Clarkdale quadrangle, and flowed south along topographic 
depressions and drainage courses to spill over the plateau rim. One
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point of entry into the Clarkdale area is where the Kailroad fault 
splits into several branches, and forms a notch in the rim of the 
plateau. The other point of entry was in the northwest corner of the 
quadrangle where there appears to have been an erosional recess 
that funneled and guided the flows. The lava flowed over irregular 
topography in that part of the quadrangle, but farther south it flowed 
over an even surface of gravel. Here the lava flows fanned out and 
spread with a uniform thickness of about 50 feet.


The lava of the Perkinsville formation is normal olivine basalts  
except for one flow which is andesite. The lava flows generally 
have a fresher appearance than do the Hickey and intermediate 
basalt in the quadrangle. They have relatively uniform texture, but 
differ in porosity. The tops of some flows are scoriaceous and amyg- 
daloidal; the amygdules are composed chiefly of calcite. Lower parts 
of the lava flows are massive and dense. Nearly everywhere the 
basalt flows are grayish black to dark gray on fresh fracture.   They 
weather into irregular, lumpy surfaces, and detached blocks form 
rounded surfaces. The residue forms a fine brown to gray soil.


The basalt flows of the Perkinsville formation are generally holo- 
crystalline and porphyritic. Phenocrysts are chiefly olivine and show 
a glomeroporphyritic texture. The olivine crystals are changed, in 
part, to iddingsite. In a few places where they are scarce, they may 
have been altered to magnetite. A few phenocrysts of augite and 
plagioclase feldspar are present. The basalt shows, for the most 
part, a distinct intergranular texture where interstitial augite occurs 
as an aggregate of grains and not in large crystals. Some of the 
augite is slightly purple indicating a titanif erous variety. The plagio­ 
clase is calcic labradorite. The groundmass is composed of small 
feldspar laths (labradorite) containing augite, olivine, and magnetite 
grains.


Only one small occurrence of andesite has been noted. It is 1^4 
miles north of the junction of the Drake and Perkinsville-Williams 
roads. The rock is light gray containing prominent, black, horn­ 
blende needles that are in strong contrast to the background. The 
rock is an olivine-hornblende andesite with a pilotaxitic texture  
one in which the groundmass occurs as a felt of microlites. The 
hornblende is oxyhornblende, which has an extinction angle that 
reaches a maximum of 5°; part of the hornblende is replaced by 
magnetite. The olivine is microporphyritic, and some hypersthene 
is present. The microlite crystals of plagioclase feldspar are too 
small to be determined, but they are assumed to be composed of 
calcic andesine. .


AGE AND CORRELATION


No fossils have been found in the Perkinsville formation, therefore, 
its precise age is not known. Tentatively, the Perkinsville is believed
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to be Pliocene (?) to Pleistocene (?) in age, and is correlated with 
the Verde. The reasons for this age assignment have been discussed 
in connection with the Verde formation which is believed to have 
accumulated contemporaneously.


QUATERNARY GRAVEL


DISTRIBUTION


Quaternary gravel covers a small part of the area within the Clark- 
dale quadrangle, and is confined to three widely separated localities. 
One of these is in the southwest corner where a large sheet of Quater­ 
nary gravel forms the floor of Chino Valley. Another gravel locality 
is in the valley of the Verde Kiver. Here the gravel extends from a 
locality west of Clarkdale, through Clarkdale, and southeastward into 
the Mingus Mountain quadrangle, where it is very extensive. The 
third area in which the gravel occurs is on the southeast side of Black 
Mountain along the east border of the quadrangle. Here, also, the 
gravel is part of a thin, alluvial veneer that extends eastward from the 
quadrangle.


THICKNESS AND STRATIGRAPHIC RELATIONSHIP


The Quaternary gravel in all three localities described above occurs 
as an alluvial veneer on flat, but gently sloping, pediment surfaces. 
The gravel ranges in thickness from a few inches to as much as 30 feet, 
but commonly is less than 5 feet. The pediment surfaces are trenched 
by channels which increase in depth toward the Verde KijVer. The best 
exposures of these gravel beds are in some of the channels that U. S. 
Highway 89 A crosses between Clarkdale and Cotton wood. At these 
localities exposures of the carved surface of the Verde formation 
beneath the gravel show the remnant of a pediment.


The gravel unconformably overlies all older formations with which 
they come into contact. In turn, the gravel deposits along the Verde 
Kiver have cut terraces and are covered by riverwash of Kecent age, 
which has collected in the drainage systems that dissect them.


LITHOLOGY


The Quaternary deposits consist of fine to coarse gravel that is 
subrounded, but poorly sorted and occurs in a matrix of fine-grained 
sediment. The gravel beds are not consolidated, except locally where 
Cemented by caliche. Most of the beds contain rock types of Precam- 
brian and Paleozoic ages and also Tertiary basalt. Only the gravel 
Southeast of Black Mountain is barren of Precambrian rock types. 
The Quaternary gravel in the southeastern part of the quadrangle has 
a high percentage of Precambrian fragments; whereas gravel in the 
southwest corner of the quadrangle has a high percentage of Paleozoic 
fragments. The gravel beds are dark reddish brown where composed
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of a high percentage of Precambrian fragments, but are gray where 
they consist chiefly of Paleozoic fragments.


RECENT ALLUVIAL, RIVER TERRACES AND RIVERWASH


The terrace sediments were deposited by the Verde River upon its 
flood plain at a time when the river had attained a temporary base 
level and was broadening its valley by lateral planation. Subsequent 
rejuvenation of the river has resulted in cutting downward, sideward, 
headward, and removing the earlier sediments except for segments, 
now terraces, along the flanks of the valley.


Alluvial terraces and riverwash occur mostly in and along the chan­ 
nel of the Verde River from a point about 3 miles north of Clarkdale, 
south to where the r^ver leaves the quadrangle. In the Packard 
Ranch area where the Verde River and Sycamore Creek join, terrace 
deposits and riverwash are present, but the terrace deposits are so 
small that they were included with the riverwash in mapping. Along 
the Verde River at Perkinsville, the riverwash and the terrace deposits 
are differentiated.


The alluvial river terraces are 5-10 feet high and border the wide 
wash of the Verde River bed. The deposits consist of a wide succes­ 
sion, and mixture, of unconsolidated clay, silt, sand, and gravel; 
finely stratified. Most of the sediment was derived from rocks of 
Paleozoic age, and, locally, much of the silt was derived from hetero­ 
geneous poorly sorted lakebeds of the Verde formation.


The thickness of the riverwash has not been determined, however, 
the deposits are not believed to be very thick. The riverwash contrasts 
strongly to the terrace deposits in that the wash is generally much 
coarser; it consists of fine to coarse gravel, which is poorly sorted. 
During floods large boulders are carried downstream, and as the floods 
ebb, finer sediment is deposited and fills in and around the boulders.


STBUCTUEE 


GENERAL FEATURES


The structural features of the Clarkdale quadrangle are here limited 
to the deformation recorded by the Paleozoic and Cenozoic rocks; 
not enough Precambrian rocks are exposed in the quadrangle to war­ 
rant a discussion of Precambrian structural features. In the adjoining 
Mingus Mountain quadrangle Precambrian features have been de­ 
scribed in the comprehensive report by Anderson and Creasey (1957).


Although the physiographic boundary between the Colorado Pla­ 
teaus province and the Basin and Range province is along the Mogollon 
Rim in this region (Fenneman, 1931), the area included in the Clark­ 
dale quadrangle closely resembles a southern block of the Colorado 
Plateaus province in which erosion has cut deeper (to Precambrian
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rocks in Prescott area) than farther north, but where major uplift is 
essentially vertical along normal faults. The structural types in the 
quadrangle differ little if any from those farther north in the main 
plateau. Therefore, the Prescott-Jerome-Clarkdale area may be 
thought of as blocks raised higher than the more northerly plateau 
blocks, and stripped of much, and all in some areas, of Paleozoic and 
Mesozoic formations. These views concur with and are outlined in 
more detail by McKee (1951, p. 486).


DEFORMATION OP PALEOZOIC AND CENOZOIC BOCKS


No evidence of any erogenic disturbances in the Clarkdale quad­ 
rangle occurs from the close of Precambrian through the time in which 
the Kaibab limestone of Permian age was deposited. Statewide, as 
far as known, the local pre-Devonian disturbance southeast of the 
Pine-Payson area (McKee, 1951, p. 488) is the only occurrence during 
Paleozoic time. Minor epeirogenic disturbances are reflected by 
changes in lithologic character and unconformable relationship be­ 
tween the different Paleozoic formations. Similarly, the interval 
which separates the Kaibab (middle Permian) from the Moenkopi 
(Early and Middle (?) Triassic), recognized by Price (1949) a mile or 
so north of the quadrangle, is marked by a conspicuous unconformity 
that indicates epeirogenic disturbance only.


A general early period of deformation in the Clarkdale quadrangle 
is postulated to have taken place between the time when the Moenkopi 
was deposited and that when the Hickey formation accumulated. The 
sedimentary rocks in the quadrangle do not indicate whether there was 
more than one episode of disturbance, and if so, when such occurrence 
might have taken place during this broad interval of time (post-Lower 
Triassic-Pliocene ?).


However, McKee (1951, p. 494) stated 
the first extensive uplift in Arizona after the pre-Cambrian probably came 
during the Upper Triassic epoch. At that time the region south of the Colorado 
Plateau apparently was uplifted for the Shinarump of Late Triassic age was 
deposited as a broad sheet of gravel over much of northeastern Arizona and ad­ 
joining areas.


McKee (1951, p. 495-496) further cited evidence for Cretaceous 
uplift in southeastern, southern, and southwestern Arizona where 
many gravel and conglomerate beds were deposited during this epoch.


A second major period of deformation in the area, after the ac­ 
cumulation of the Hickey formation, but before the deposition of the 
Verde and Perkinsville formations also is postulated. This deforma­ 
tion Was the strongest subsequent to Precambrian time. Strata were 
elevated, tilted, and faulted, and locally, faults pass into monoclinal 
folds.
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Included with this late period of deformation are minor faults which 
displace the Verde and Perkinsville formations. These faults repre­ 
sent recurrent movement along previous fault planes.


EAHLY PERIOD OF DEFORMATION


Deformation that affected the rocks of Paleozoic age only, in the 
Clarkdale quadrangle, resulted in gently tilting these rocks to the 
northeast and in displacement by faults. Uplift and tilting of the 
strata are indicated by the sedimentary rocks of the Hickey forma­ 
tion. These are stream gravel beds, left as relics of a former north­ 
eastward-trending drainage system. They rest on Precambrian in the 
southeast corner of the quadrangle and on upper Paleozoic rocks in the 
northeast corner. The gravel contains fragments of Precambrian and 
early Paleozoic rocks so could only have come from the southwest. 
Similar gravel has been reported in the area north of the Clarkdale 
quadrangle by Price (1950a) and in Oak Creek canyon by Hears 
(McKee, 1951, p. 498). Further evidence of pre-Hickey uplift and 
tilting lies in the fact that the volcanic rocks of the Hickey formation 
overlap successively older rocks from northeast to southwest. The 
Paleozoic rocks in this area also once extended from the present plateau 
area to the south and west, as pointed out by McKee (1951, p. 486). 
To what degree the strata were tilted can only be estimated because 
later deformation has further changed the structure. Probably the 
dip was a few degrees.


Faults, which displace Paleozoic rocks, but not the Hickey forma­ 
tion of late Tertiary age, are present in the foothills on the east and 
north sides of Woodchute Mountain. One such fault, which has a 
vertical displacement of about 150 feet, occurs at the intersection of co­ 
ordinates N. 1,378,000 and E. 430,000. Another minor fault is present 
at the intersection of coordinates N. 1,375,000 and E. 439,000. Other 
small faults are also present in these areas. Movement on the Bessie 
fault (1 mile east of Jerome), which is related to the pre-Hickey 
period of deformation, was recognized by Anderson and Creasey 
(1957) in the Mingus Mountain quadrangle, but has not been recog­ 
nized in the Clarkdale quadrangle.


The Coyote fault in the southwest corner of the Clarkdale quad­ 
rangle, which is the major marginal fault on the west side of Wood- 
chute and Mingus Mountains, gives evidence of at least two move­ 
ments. The first is related to the pre-Hickey; the second is related 
to the post-Hickey.


Before the accumulation of the Hickey formation the west block 
along the Coyote fault was uplifted relative to the east block so that 
the Martin limestone of Devonian age was brought into juxtaposition 
with the Eedwall limestone of Mississippian age. The evidence of 
this is shown by the lava flows of the Hickey formation that rest on
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the Martin west of the fault and on the Kedwall east of the fault. 
The vertical displacement for this movement near the south boundary 
of the quadrangle is about 500 feet. Southward in the Mingus Moun­ 
tain quadrangle, the initial movement on the fault had a minimum 
vertical displacement of 800 feet, as determined by Anderson and 
Creasey (1957).


The second movement along the fault was reverse to the first; the 
west block moved down relative to the east block. The Hickey forma­ 
tion is displaced about 250 feet vertically at the south boundary of 
the quadrangle, and the displacement decreases to a few feet just north 
of where section Z>-Z>' crosses the fault as shown on plate 45.


In the northeast quarter of the Clarkdale quadrangle the age of five 
faults can be determined with respect to the Hickey formation. Four 
of these are older than the Hickey and one is younger. The faults 
which are older than the Hickey formation and therefore belong in 
the early period of deformation include both northeastward- and 
northwestward-trending structures. Some faults in this area occur 
where the Tertiary rocks are not present, so that no clear-cut evidence 
exists to determine whether they are older or younger than the 
Tertiary rocks.


Faults, in the central part of the quadrangle near Mormon Pocket 
and 2 miles north of Perkinsville, may or may not belong to the early 
structural period because the age cannot be determined with respect to 
the Hickey formation. However, east of where the Perkinsville-Wil­ 
liams road leaves the north edge of the quadrangle, and north of Sand 
Flat, the northwestward-trending faults are dominant, and some do 
not displace the Hickey formation. Here, they fan out and form a 
series of step faults, where the downthrow is on the same side of the 
several subparallel faults.


In the northwest quarter of the quadrangle a northwestward-trend­ 
ing fault is concealed beneath the volcanic rocks of the Perkinsville
formation except for a short segment exposed in Bear Canyon. The 
stratigraphic throw on this fault in Bear Canyon is about 600 feet 
with the south side upthrown. In cross section A-A 1 (pi. 46) the fault 
shows a vertical displacement of 550 feet. Similarly, a cross section 
drawn from the most southerly outcrop of the Coconino about 1,000 
feet west of the Railroad fault southwesterly into section 27 indicates 
that a fault displaces the Paleozoic rocks about 500 feet. This fault
presumably occurred in the early period of deformation because the
upthrown block was eroded level with the downthrown block before
the accumulation of the Perkinsville. The formation accumulated
soon after the late period of intense deformation so that in most places 
the formation accumulated in structural troughs and against fault 
scarps (Orchard fault).







GEOLOGY OF THE CLARKDALE QUADRANGLE, ARIZ. 571


Many faults in the northern part of the quadrangle strike N. 50° W. 
and N. 45° E., and where the dips could be measured are essentially 
vertical. The displacement ranges from 50 to 150 feet, but most com­ 
monly are about 50 feet. Well-defined joint systems, common to the 
northeastern part of the quadrangle, are similar in strike to the faults 
and are also essentially vertical. Price 8 who mapped an area of 
Sycamore Canyon about 8 miles long north of the Clarkdale quad­ 
rangle, noted that all the faults in that area also had a northeasterly 
or northwesterly trend. He stated that the northwestward-trending 
faults are most prominent, and dip at high angles between 70°-90°. 
He mentioned also that the northwesterly faults tended to produce 
grabens and were definitely older than the basalt on the plateau.


The time of the early period of deformation can only be inferred. 
McKee (1951, p. 494) stated that the first uplift, for which there is 
evidence in Arizona after the Paleozoic era, came during the Triassic 
period when the region south of the Colorado Plateau was uplifted 
to form the source for the Shinarump conglomerate of Late Triassic 
age which was deposited as a broad sheet of gravel throughout much 
of the northeastern part of the State. However, the sedimentary 
evidence, particularly in southern, southwestern, and western Arizona 
(McKee, 1951, p. 495-496), shows that, there, deformation was regional 
during Cretaceous time. Evidence cited by Babenroth and Strahler 
(1945, p. 149) indicates that the East Kaibab monocline and asso­ 
ciated faulting in the Grand Canyon area clearly formed during Late 
Cretaceous to early Tertiary time (Laramide time). The early period 
of deformation in the Clarkdale quadrangle may have occurred at 
this time.


LATE PERIOD OF DEFORMATION


The strongest deformation in the area since the close of the Pre- 
cambrian era occurred in the late period of deformation and the 
structural features are characterized chiefly by northward to slightly 
northwestward-trending normal faults. In general the only recogniz­ 
able folds are very minor and gentle monoclines. However, locally 
they may be strong, where the strata did not yield to faults, at least 
above the basement rocks.


The late period of deformation resulted in block faulting and uplift. 
One block, however, relative to adjacent blocks, became the horst block 
of Woodchute and Mingus Mountains. On the north side of Wood- 
chute Mountain, transverse faults occur between the marginal 
longitudinal faults.


Structural features occurring in this period of deformation pro­ 
duced the major topographic features and the present drainage system. 
This deformation also produced the basins in which the Perkinsville


8 Price, W. E., Jr., op. cit.
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and Verde formations accumulated but other factors also influenced 
the accumulation of these formations.


The late period of deformation probably took place in late Tertiary 
time, and is a part of the deformation that produced the Basin and 
Range province. The deformation occurred after the accumulation 
of the Hickey formation (Pliocene?) and before the deposition of 
the Perkinsville and Verde formations (Pliocene or Pleistocene).


FAULTS


Verde fault. The Verde fault extends north-northwestward from 
Jerome, with a sinuous trace, to about a mile north of Perkinsville, 
where it ends against a transverse fault. Southward from Jerome, it 
extends southeastward along the east margin of the Black Hills, of 
which Mingus Mountain is a part. The Verde fault has the greatest 
vertical displacement of any fault in the Clarkdale quadrangle.


The dip of this fault plane differs along the strike and generally 
becomes steeper toward the north. South of Jerome, the fault has a 
dip as low as 45° E. At Jerome, the dip is about 60° E., and, about 
1 mile north, the dip is 55° E. To the north, the dip of the fault plane 
becomes steeper, and 2% miles north of Jerome, the dip is as much as 
80° E.


Just north of where coordinate N. 1,380,000 intersects the Verde 
fault, a pod-shaped block is wedged along the fault plane. South of 
this block, the Verde fault characteristically and persistently dips to 
the east, but north of it, the Verde fault dips to the west. In the 
vicinity of this pod-shaped block is a point of minimum vertical dis­ 
placement along the Verde fault, which had a scissorslike movement; 
the fault both north and south of the block is the normal type. An 
alternate interpretation is that two different faults intersect, Either 
interpretation is possible, but as there is no break in the trend of the 
faulting, the Verde fault is regarded as a single structure throughout. 
The northern segment dips 60°-80° W., but most commonly Y5°-80° 
W. Small blocks (horses) of mappable size are wedged along the 
fault plane and are common of this segment.


About 21/3 miles north of the south boundary of the Clarkdale quad­ 
rangle the Verde fault splits into two branches, although it is possible 
that the split may be due to the intersection of two different faults. 
The west branch is essentially vertical where it parts from the Verde 
fault. To the northwest, along the trace of this branch, the dip of
the fault plane is 75°-80° W. This branch dies out about 4 miles 
northwest from where it parts from the Verde fault.


The stratigraphic throw on the Verde fault differs greatly along its 
length. In the vicinity of Jerome, it is about 1,500 feet; about 1% 
miles north of Jerome it is only 450 feet. Part of the difference is due







GEOLOGY OP THE CLARKDALE QUADRANGLE, ARIZ. 573


to the transverse Haynes fault which joins the Verde fault just north 
of Jerome. The Haynes fault is a northward dipping normal fault 
having a stratigraphic throw of about 750 feet, which accounts for 
much of the northward decrease in the throw on the Verde fault. The 
remainder (300 feet) must take place between Jerome and a point 1% 
miles to the north. Where coordinate N. 1,378,000 intersects the main 
branch of the Verde fault, the throw is only 150 feet. The western 
branch of the Verde fault, 2% miles north of Jerome, has a vertical 
displacement of 50-75 feet (west side down), whereas the main eastern 
branch has a vertical displacement of about 100 feet (east side down). 
This is near the hinge point of the Verde fault. North of the junction 
of the two branches in the vicinity of Bakers Pass tank, the throw on 
the Verde fault is more than 400 feet (west side down); it is about 
445 feet where the Verde River crosses the fault at coordinate N. 1,410,- 
000. Where the fault ends against a transverse fault, the vertical 
displacement is more than 400 feet.


South of the Verde River, an eastward-trending fault, which is 
younger than the Verde fault, but which formed during the same 
period of deformation, displaced the Verde fault a little more than 
100 feet laterally.


Movement also occurred on the Verde fault during the Precam- 
brian; it has been discussed at length by Anderson and Creasey (1957) 
who stated that the maximum vertical displacement of the Precam- 
brian movement is about 1,000 feet; the maximum total net slip, which 
includes Precambrian and later displacement, is about 3,300 feet; its 
approximate bearing and plunge are N. 85° E. and 50° E.; and the 
rake is about 66° S. These calculations are based on the assumption 
that the intersection of a small mass of Deception rhyolite defines a 
point on the Verde fault that can be recognized on both the hanging 
wall and the footwall of the Verde fault.


Reverse drag on the hanging wall of the Verde fault north of Jerome 
indicates movement during the early period of deformation. How­ 
ever, this is local and may be due in part to adjustment of the fault 
block during, or following, the main faulting.


Anderson and Creasey (1957) reported recurrent movement along 
the Verde fault during or after the accumulation of the Verde forma­ 
tion. Where the recurrent movement was recognized, the Verde fault 
plane dips 35°-45° E., and .6-12 inches of crushed gravel lies against 
a slickensided wall of Precambrian rocks. It was not possible to de­ 
termine the vertical displacement because of no reference planes for 
measuring it, and because deposition and faulting may have occurred 
simultaneously.


. Fault compleso north of Hopewell. The most complexly faulted 
area in the Clarkdale quadrangle is east of the Verde fault and north







574 CONTRIBUTIONS TO GENERAL GEOLOGY


of Hopewell, where many closely spaced faults have disturbed the 
strata. Because of the mapping scale, many faults in this area are 
not shown on plate 45. All are normal faults and are parallel, to 
subparallel except a few which have sinuous traces. Most of them 
dip east, but a few dip west. Generally those that dip east have the 
greatest stratigraphic throw.


The net stratigraphic throw across this faulted area, is difficult to 
determine precisely, but the general approximation was calculated at 
several places. In each of three evenly spaced sections, drawn per­ 
pendicular to the general strike of the faults, the sum of the strati- 
graphic throws of the westward-dipping, normal faults was subtracted 
from the sum of the eastward-dipping faults to determine the net 
displacement. One cross section, drawn N. 65° E. through the inter­ 
section of coordinates N. 1,372,300 and E. 440,000, showed a net throw 
of about 650 feet with east side down. Another section north of the 
first and trending N. 75° E. through the intersection of coordinates 
N. 1,379,100 and E. 440,000, revealed a net throw of about 235 feet 
with the east side down. The third section, still farther north, in 
the vicinity of Bakers Pass, drawn N. 70° E. through the intersection 
of coordinates N. 1,385,500 and E. 440,000, indicated a net throw of 
about 250 feet with the west side down. The fact that to the south, 
the sum of the throws on the eastward-dipping faults is greater than 
the westward-dipping faults, and that to the north near Bakers Pass 
the reverse is true, seems significant when compared with the move­ 
ment on the Verde fault in this area. Nearby is the place where the 
Verde fault plane changes in dip from east, through the vertical, to 
west. The net stratigraphic throws of the fault complex north of 
Hopewell indicate a hinge-type movement like that on the Verde 
fault down on the west, north of the hinge, and down on the east, 
south of the hinge.


Bessie fault and other small faults. A few faults in the Clarkdale
quadrangle displace the Verde formation. Largest of these is the 
Bessie fault, which is exposed in the quadrangle for 1 mile. To the 
nortk, it fceeomes obscured by the gravel fades Of the Verde forma­ 
tion, and to the south, it is exposed in the Mingus Mountain quad­ 


rangle for a short distance before it dies out. The Bessie fault in
the Mingus Mountain quadrangle (Anderson and Creasey, 1957)


seems to have had three periods of movement, but in the Clarkdale 
quadrangle Only tWO periods can be ascertained. During the first 
period the Redwall limestone was moved down on the east into juxta­ 
position with the Precambrian rocks. This displacement was about 
550 feet. The second movement was during or after the accumula­ 
tion of the gravel facies of the Verde formation and displaced these 
gravels about 50 feet. The Bessie fault is essentially vertical where
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U. S. Highway 89A crosses and northward it flattens until at a point 
one-half mile north of the highway it dips 55° E.


The Bessie fault and other small faults which displace the Verde 
formation are present in the vicinity of Hopewell. East of and 
parallel to the Bessie fault, and east of Jerome in Deception Gulch, 
post-Verde faulting is well exposed in the roadcut of U. S. High­ 
way 89A.


Coyote fault. The Woodchute-Mingus Mountain block in thie 
southwest corner of the quadrangle is bounded on the west by the 
Coyote fault, which also had two periods of movement. The earlier 
movement occurred before the accumulation of the Hickey forma­ 
tion; the lava of this formation rests on Precambrian rocks west 
of the fault because the Paleozoic rocks had been eroded after the 
west block was uplifted during the early deformation. (See page 
569). Later movement on the Coyote fault occurred after the ac­ 
cumulation of the Hickey formation, and is contemporaneous with 
the major movement on the Verde fault. Displacement on these two 
faults resulted in the elevation of the Woodchute-Mingus Mountain 
block.


The Coyote fault which shows post-Hickey movement has a strike 
length of about 1 mile in the Clarkdale quadrangle. The north end 
of this fault is approximately where cross section D-D' (pi. 1) inter­ 
sects the trace of the fault. North of this point the Hickey formation 
is not dislocated. Southward, the Coyote fault extends into the 
Mingus Mountain quadrangle where it is referred to by Anderson and 
Creasey (1957) as a fault zone; although it is poorly exposed as much 
as 15 miles south of the Clarkdale quadrangle, segments are recog­ 
nized. The lava, which overlaps the fault, north of cross section 
D-D', doubtless is the same lava cut by the fault along the south 
boundary of the quadrangle. The vertical displacement of the Coyote 
fault can be determined from the base of the lava on both sides of the 
fault. It ranges from a knife edge where cross section D-D' inter­ 
sects the fault to nearly 250 feet at the south boundary of the Clark­ 
dale quadrangle. In the Mingus Mountain quadrangle, Anderson 
and Creasey stated that the maximum vertical displacement is about 
1,200 feet.


Orchard fault. The Orchard fault, which is several miles east of 
the Coyote fault, extends northward along coordinate E. 420,000 from 
the west flank of Woodchute Mountain to a point about 2 miles north 
of the Verde River, where it is concealed by the Perkinsville forma­ 
tion. It is a normal fault and dips to the west. The fault is well 
exposed, except where the gravel of the Perkinsville formation was 
deposited against and overlapped the fault scarp, and, even in these 
localities where erosion locally has removed the gravel, traces of the 
fault are revealed.
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On the west flank of Woodchute Mountain, the dip of the fault 
plane ranges from 85° W. to vertical. Here, the vertical displace­ 
ment is about 250 feet. From the point where the Haynes fault 
offsets the Orchard fault, northward to Perkinsville, the dip of the 
fault decreases to 70°-80° W. The vertical displacement is difficult 
to determine along the fault between these two points because the 
gravel of the Perkinsville formation conceals the Paleozoic rocks in 
the downthrown block. Therefore, only the approximate vertical 
displacement can be given; it is about 600 feet where coordinate N. 
1,400,000 intersects the fault. Just north of Perkinsville, the fault 
plane dips 60°-65° W., the lowest recorded along its trace. In this 
area, the minimum vertical displacement is probably about 250 feet, 
although it could be as much as 550 feet.


Like the Verde formation, the Perkinsville is in fault contact with 
the Paleozoic rocks in places where recurrent movements occurred 
along preexisting faults (Orchard fault). The precise displacement 
cannot be determined, but it is believed that the movement was not 
much more than 50 feet. The evidence for this minor adjustment 
includes the outcrop pattern, and faceted and minutely striated peb­ 
bles of the gravel along the fault plane. These zones of faceted 
pebbles are no more than an inch or so wide.


The Orchard fault is offset more than 500 feet laterally by the 
transverse Haynes fault, and also by a small one about % mile to the 
south. However, some faults parallel and subparallel to the Haynes 
fault are cut by the Orchard.


Haynes fault. The Haynes fault extends from the Verde fault 
at Jerome, northwestward across the north slope of Woodchute Moun­ 
tain for about 4% miles, seemingly where it dies out. It is a normal 
transverse fault that dips about 70°-80° N. The relative displace­ 
ment of the Haynes fault is unique, because the other transverse 
faults between the Verde and Orchard faults are downthrown on the 


south.
In the vicinity of Jerome the Haynes fault becomes compound, 


and the stratigraphic throw of this compound zone is about 750 feet. 
About 1 mile west along the fault the stratigraphic throw is about 100 
feet less. Farther to the west, but east of the Orchard fault, only 
the vertical displacement, about 500 feet, can be measured by using 
the base of the Hickey formation. This may not be significant be­ 
cause the base of this formation is irregular in this area. West of the
Orchard fault, the approximate vertical displacement of the base of
the Hickey formation is 150 feet.


As the vertical displacement decreases to the west along the Haynes 
fault, it is possible that there was rotation along a hinge west of the 
Orchard fault and that west of this hypothetical hinge, the Haynes 
continues as a southward-dipping fault. A fault with the south
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side downthrown on the projection of the Haynes was not connected 
with the Haynes fault on the map because such connection could not 
be found in the field and because the relative movement of each is 
reversed.


Railroad fault. The Eailroad fault extends from the Verde River, 
northwestward along the west side of Packard Mesa, to the boundary 
of the Clarkdale quadrangle and beyond. At the southwest corner of 
the Packard Mesa the fault bifurcates. One branch swings eastward 
to an almost due east course and passes near the juncture of Sycamore 
Creek and the Verde River and extends beneath the Verde formation. 
The other branch continues southward across the Verde River as 
far as S 0 B Canyon, where it seemingly dies out. Of these two 
branches, the one to the east has the greater stratigraphic throw.


On the west side of Packard Mesa in the vicinity of coordinate 
N. 1,426,000, the Railroad fault bifurcates, and still farther north 
between Henderson Flat and the quadrangle boundary, the fault has 
at least four prominent branches. Only the easternmost branch is 
exposed along its full strike length, and details of the western 
branches are concealed by the Perkinsville formation.


The Railroad fault is a normal type with the west side downthrown. 
About 214 miles north of the Verde River the fault plane dips 75° W. 
From here to the north it was not possible to measure the dip because of 
poor exposures, but the relationship of the trace of the fault to the 
topography indicates steep or vertical dips to the west. At the south­ 
west corner of Packard Mesa near coordinate N. 1,410,000 the fault 
dips 80° W. South of this point, the branch which swings to the 
east becomes slightly steeper on the curve and dips 85° SW. The 
other branch, which continues to the south, remains at a constant dip 
of80°W.


The stratigraphic throw on the Railroad and subordinate faults 
is variable; where coordinate N. 1,410,000 intersects the fault, it is 
about 800 feet. South of this point, where the branch veers to the 
east it is 600 feet. On the branch that continues to the south it is about 
150 feet. To the north where coordinate N". 1,426,000 intersects the 
fault, a branch trends westward. The throw on the east branch is 
about 250 feet, and on the west branch it is about 500 feet. The 
total throw on both branches is essentially the same as it is to the 
south, where there was a single plane of movement. Northwest of 
Henderson Flat, where cross section A-A' (pi. 45) intersects the 
fault zone, the fault has four branches, three of which are down- 
thrown on the west, and the westernmost branch is downthrown on 
the east. The net stratigraphic throw across this group of faults is 
the west side down about 450 feet. This figure was obtained by sub­ 
tracting the stratigraphic throw of the westernmost upthrown block 
from the total throw of the downthrown blocks of the three eastern
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branches. The data show that the Kailroad fault decreased in throw 
about 350 feet to the north as it approached the Colorado Plateau.


Other faults. Other faults of the late deformation that merit con­ 
sideration are for the most part along the west margin of the quad­ 
rangle.


The many faults between Black Mesa and coordinate N. 1,380,000 
are all the normal type. These faults trend about the same as the 
others in the quadrangle. Only three have continuity along the 
strike and have a stratigraphic throw of 150 feet or greater. One 
trends east-northeastward along the Chino-Perkinsville road, south 
of coordinate N. 1,390,000. This fault is downthrown on the south 
and has a stratigraphich throw of about 300 feet. It displaces another 
moderately large fault that trends northwestward near the quad­ 
rangle boundary. The latter fault splits into two branches where it 
curves sharply to the west. The blocks form a steplike arrangement 
across these branches and are successively downthrown to the north­ 
west. The only other large fault in this area is the eastward-trending 
fault at the south end of Black Mesa, which dips 80° S. and has a strati- 
graphic throw of about 400 feet. This fault is probably the extension 
of the eastward-trending fault, south of the Verde Kiver in the central 
part of the quadrangle, but this interpretation cannot be proved, 
because of cover by the Perkinsville formation.


FOLDS


A few folds in the Clarkdale quadrangle consist of local steepening 
of the dip and indicate drag in areas of strong faulting. Minor 
undulations or gentle warps are present in places. Nearly every­ 
where, except in the vicinity of the plateau, the pre-Perkinsville and 
pre-Verde strata have a homoclinal dip to the northeast, and probably 
average between 6° and 10°. These strata were tilted, in part, during 
the early period of deformation; but most of the tilting resulted from 
the late period of deformation, as shown by the fact that the Hickey
formation dips to the northeast also. Furthermore, restoration of 
fault blocks to their position in pre-Hickey time will not produce 
an acceptable reconstruction of the geologic conditions that existed 
at the time of deposition of this formation. Some warping and 
tilting must have taken place during the late period of deformation. 


The most pronounced fold in the quadrangle is a monocline, which 
is along the Verde River, about 1 mile south of its junction with 
Sycamore Creek (coordinates N. 1,400,000; E. 453,000). Here, the 
beds of the Supai formation strike about N. 10° E. and dip as much 
as 60° E. The lava which flowed down Sycamore Canyon rests against 
the flank of this fold. Overlapping both the lava and the Supai 
formation are lakebeds of the Verde formation with a normal dep- 
ositional contact. As a result of sagging and compaction during or
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shortly after their deposition on the steep hill slope of the Supai 
formation, the lakebeds dip about 15° E. away from the steeply in­ 
clined beds of the Supai. Jenkins (1923, p. 70) reported this structure 
in his report on the lakebeds which he named the Verde formation 
and concluded that the lava and the lakebeds were faulted against the 
Supai. Later Mahard (1949, p. 122) visited this locality and reported 
that the lakebeds and lava flows of the Verde are not in fault relation­ 
ship with the Supai formation. The Verde formation doubtless rests 
on the Supai with a normal depositional contact.


This monocline extends to the south beneath the Verde formation 
and is exposed again in S 0 B Canyon where lava of the Hickey 
formation, which rests on the Supai, is also involved in the flexure. 
The lava of the Hickey dips steeply to the east there. Mahard (1949) 
believed that these lava deposits were part of a post-Hickey flow which 
flowed down SOB Canyon before the deposition of the Verde forma­ 
tion. However, the lava flows were tilted by folding (pre-Verde 
flexure) and are not initial flow attitudes.


PHYSIOGRAPHY


Most of the present topographic features have resulted from the 
latest period of deformation, and subsequent erosion has carved the 
faulted and tilted bedrock to form the present surface. The dominant 
physiographic features in the quadrangle include Woodchute Moun­ 
tain, which is the northern part of a fault block; the Colorado Plateau, 
which is bounded on the south by a precipitous cliff (Mogollon Rim), 
that overlooks the lowland to the south; eroded fault scarps and small 
cuestalike ridges between Woodchute Mountain and the plateau; and 
pediments on the flanks of Woodchute and Black Mountains.


The drainage of the quadrangle is external. Although the drainage 
of the main part of the plateau north of the quadrangle is northward, 
many youthful streams have eroded deep through its margin (Mogol­ 
lon Rim) and drain south in the quadrangle.


WoodcJiute Mountain. Woodchute Mountain along the south-cen­ 
tral part of the quadrangle is the north end of a short mountain range 
called the Black Hills an elongated fault block about 20 miles long 
and 6 to 12 miles wide. The Black Hills are bound on the west by the 
Coyote fault and on the east by the Verde fault.


The eastern profile of Woodchute Mountain is broken by a pro­ 
nounced escarpment caused by the Verde fault. It separates the higher 
and much steeper cliffs of Woodchute Mountain from the lower long, 
smooth, rounded fingerlike ridges that extend out to form the foot­ 
hills. The fault scarp is thoroughly dissected so that the only topo­ 
graphic expression of its position is an abrupt change in slope. At 
present the valley of the Verde River is being exhumed so that most
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of the long, uniformly sloping foothills are composed of coarse gravel 
of the Verde formation.


Woodchute Mountain is steep and dissected on the north and west. 
The north side has long irregularly trending and sloping spurs 
separated by youthful canyons, the courses of which are influenced 
by the structure.


The summit of Woodchute Mountain is relatively flat and mesalike. 
It is controlled largely by the flat attitude of the lava flows that cap it. 
Woodchute Mountain is at an altitude of 7,834 feet which is about the 
same altitude as Mingus Mountain to the south.


The valley of the Verde Biver bounds Woodchute Mountain on the 
east and the relief between the two is about 4,500 feet. Lonesome 
Valley bounds the mountain on the west, and the relief between the 
center of the valley and the top of the mountain is about 3,000 feet.


Colorado Plateau. The dominant physiographic feature in the 
northern part of the quadrangle is the south edge of the Colorado 
Plateau. Here, the Mogollon Rim, the precipitous cliff that marks the 
south edge of the plateau, rises abruptly from the valley of the Verde 
River. Many steep-sided, narrow canyons of which Lonesome Pocket 
and Sycamore Canyon are examples have been carved into the plateau 
and along its borders. Dissection has resulted in isolating some areas 
from the main plateau mass to form flat-topped buttes and mesas. 
Black Mountain is an example.


The plateau is more than 6,400 feet in altitude and has a relief of 
about 1,800 feet. The resistant sandstone of the upper member of the 
Supai formation and the monolithic Coconino sandstone comprise 
two-thirds of the height of the escarpment. The other third is cliff- 
forming units of Kaibab limestone and basalt flows. About 150 feet 
of the Toroweap formation forms a slope.


Area between Woodchute Mountain and Colorado Plateau. The 
surface of the area between the Colorado Plateau and Woodchute 
Mountain, although dissected, is gently inclined toward the Verde 
River on each side. The altitude of this surface ranges from about 
5,000 at the base of the higher land masses to about 4,300 feet near 
the Verde River. Many eroded fault scarps interrupt this area of 
low relief and add a general cuestalike appearance to the topography. 
Also, resistant units in the Supai formation, and differential weather­ 
ing between the base of the Supai and the underlying Redvrall lime- 
Stone, add to this cuestalike appearance.


In the area of the Perkinsville formation, lava and gravel have 
covered earlier irregular topography and reduced the relief to a 
relatively even surface. Gravel fanned out towards the Verde River 
from the Woodchute Mountain block and from the plateau scarp, 
during its formation, and filled in structural troughs and depressions.
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The lava flowed over the Mogollon Rim into the valley of the Verde 
River, covering lower gravel,, and these lava flows in turn were cov­ 
ered by more gravel.


Pediments. Pediments, which form relatively smooth slopes, are 
limited to the bases of certain parts of Woodchute and Black Moun­ 
tains. In the valley of the Verde River a low level pediment surface 
was carved on the Verde formation in the vicinity of Clarkdale and 
south beyond the Clarkdale quadrangle boundary. Part of a pedi­ 
ment surface which was cut on both the Verde and the Supai forma­ 
tions extends from the southeast side of Black Mountain beyond the 
limits of this quadrangle. The pediment surfaces dip only a few 
degrees and are mantled with a veneer of gravel. Planed bedrock 
surfaces below the gravel veneer are clearly exposed in the valley of 
the Verde River. The pediments have been trenched subsequent to 
their formation by a dendritic arrangement of gulches and arroyos 
and the flat-topped interstream remnants are covered with a veneer of 
red gravel which ranges in thickness from a few inches to perhaps 30 
feet. The depth of dissection increases progressively toward the 
master streams.


In the southwest corner of the Clarkdale quadrangle on the west 
side of Woodchute Mountain is part of the vast surficial deposit of 
gravel which extends far to the west in Lonesome Valley and forms 
a veneer on a pediment surface.


Drainage. The drainage of the Clarkdale quadrangle is dendritic. 
The master through-flowing stream is the Verde River which enters 
the west-central part of the quadrangle and follows a meandering 
course southeastward. The chief tributary of the Verde River in the 
quadrangle is Sycamore Creek. All the drainage lines in the quad­ 
rangle extend to the Verde River, except for some in the southwest 
corner of the quadrangle that reach the Verde River by a circuitous 
route through Granite Creek in the Prescott and Paulden quad­ 
rangles.


The Verde River is perennial and locally braided. Sycamore Creek 
is perennial below Summers Spring, 4 miles above its mouth. All 
other streams in the quadrangle are ephemeral, and flow only when 
water is supplied by local storms. At such times the flow rarely 
lasts for more than a few hours at any one locality.


GEOLOGIC HISTORY


The geologic history of the Clarkdale quadrangle is moderately clear 
from the present back to the time when a prolonged interval of erosion 
had reduced to flatness the surface of the Precambrian rocks. Upon 
the surface which was cut across the structural planes of the Pre­ 
cambrian rocks, sediments apparently accumulated from nearby Pre-
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cambrian hills during early Paleozoic time and filled in the lower parts 
of the surface. These sediments, which are poorly sorted and .variable 
in composition, indicate a mixture of detrital fragments which had 
little transportation. They probably represent, to a large extent, 
regolith reworked by the wave action of an advancing sea of Cam­ 
brian (?) age which spread over the area from the north and 
northwest.


If it is assumed that the basal Paleozoic rocks are the Tapeats sand­ 
stone of Cambrian age, then this area of deposition represents the 
southeast margin of the shelf that bordered the Cordilleran geosyn- 
cline. The seas which at the beginning of Cambrian time covered only 
the extreme western part of Arizona, transgressed southeastward as 
the basin was depressed. The transgression of the sea seemingly ex­ 
tended farthest south into the Jerome area during deposition of the 
Tapeats sandstone (?) as shown in the eastern part of the Grand 
Canyon. Whether the Bright Angel shale and the Mauv limestone of 
Cambrian age were ever deposited in the Jerome area is not known, 
although both are present about 47 miles west-northwest of Jerome 
near Walnut Creek Ranger Station in the Camp Wood quadrangle. 
After regression of the Cambrian sea, the Jerome area was a site 
either of erosion or of nondeposition, because there is no record of 
Ordovician nor Silurian deposits in central Arizona. Although the 
relationship between the Tapeats sandstone (?) and the overlying 
Martin limestone of Devonian age appears to be gradational in the 
Clarkdale quadrangle, Krieger 9 has found a possible unconformity 
between the Tapeats(?) and the Martin limestone, which suggests, 
perhaps, the hiatus or unrepresented interval of time.


The Martin limestone was deposited in a Late Devonian sea which, in 
a general way, followed the trend of the Cambrian(?) transgression 
from the northwest. The first deposition of the Martin must have 
been in waters agitated by currents, because the basal unit is a clastic, 
crossbedded limestone. The Devonian sea deposited this basal unit 
concordantly on the Cambrian(?) sandstone. Although the bulk of 
the Martin is dolomitic limestone, the abundance and distribution of 
sand and clay impurities clearly indicate that a SOUTC6 of terriginous 
material was present throughout the accumulation of the formation. 
Local beds of limy sandstone accumulated where, for a time, detrital 
impurities predominated. Coral reefs in the upper part of the Martin 
indicate that locally, at least, the sea was relatively shallow.


When the area was later inundated by the early Mississippian sea, 
which encroached from the north and northwest, the uppermost strata 
of the Martin were reworked and redistributed to form thin, wavy, 
conglomeratic beds of sand. As the sea advanced, the bluish-gray


1 Krieger, M. H., op. cit.
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oolitic limestone of the lower member of the Redwall limestone was 
deposited in it. As deposition continued beds of light-gray crinoidal 
limestone were laid down. After deposition of the crinoidal limestone, 
more calcareous oolites were laid down. Toward the close of early 
Mississippian time, the sea withdrew from the area toward the geosyn- 
cline to the northwest. Erosion of Redwall limestone surface followed 
retreat of the sea, and an irregular surface with a relief of 30 feet or 
so was carved.


The Clarkdale area, in what probably was late Pennsylvanian time, 
seemingly was a mud flat, marginal to a marine basin, the waters of 
which had transgressed from the northwest to connect with marine 
waters from the southeast. In the low areas, on the eroded surface of 
the Redwall, limestone conglomerate and chert breccia collected. A 
few thin beds of limestone in the lower part of the redbeds of the 
Supai formation may represent extended tongues of deposits formed in 
these seas.


Permian deposition was a continuation of the Pennsylvanian, as 
shown by the redbeds of the Supai which accumulated to a great 
thickness. These sediments, perhaps in part, represent a mud flat 
environment marginal to a marine basin, and in part, deltaic deposits 
brought in by a drainage system from the north. The upper part 
of the Supai interfingers with the overlying Coconino sandstone. 
Because there is a vertical alternation between these two formations, 
it is assumed that sedimentation was continuous throughout much 
of the area, during the changes from environments of deposition of 
Supai time to those of the Coconino time.


Deposition of the sand of the Coconino began at the close of Supai 
sedimentation when the red silts and sands were covered by eolian 
sand transported into the area from the north. The sand was de­ 
posited as large dunes, and the area became a desert, which stretched 
far to the north and probably to the south. Thus, the climatic changes 
from the time of deposition of the Supai to that of the Coconino was 
perhaps one of gradual change toward aridity.


An encroachment from the northwest of the sea, in which sediments 
were deposited during Toroweap time, caused the termination of 
Coconino deposition. This is indicated by the remarkably level con­ 
tact, where the uppermost beds of the Coconino were beveled and the 
sands reworked while still unconsolidated, for there is no surface 
of relief at the top of the Coconino sandstone. The lithology of the 
Toroweap indicates a shallow oscillating sea. The arid to semiarid 
climate represented by the Coconino persisted throughout Toroweap 
time. The average grain size of the sediments in the Clarkdale 
quadrangle is fine, and it is assumed that the surrounding topography 
was flat and featureless. The Toroweap sea regressed to the northwest
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after the Toroweap had been deposited. During the hiatus that fol­ 
lowed channels were eroded locally but no great time elapsed as in­ 
dicated by the minor amount of erosion accomplished and by faunal 
evidence from the Toroweap and the overlying Kaibab limestone.


Following this brief erosion period, the Kaibab sea spread into the 
Clarkdale quadrangle and deposited the Kaibab limestone. In the 
quadrangle, these sediments, in general, consist of alternate layers that 
range from sandy limestone to limy sandstone, but westward they 
grade into beds of limestone, and eastward into pure sandstone of the 
shore facies.


From the end of Kaibab deposition in middle Permian time, when 
the sea withdrew toward the west, there is no evidence of sedimentary 
deposition in the Clarkdale quadrangle until Late Tertiary time. 
However, the presence of Lower Triassic rocks to the north allows 
reasonable inference to be made concerning the gap in the geologic 
history of the area. The Moenkopi formation of Early Triassic age 
rests unconformably on the Kaibab limestone in Sycamore Canyon, 
about 2 or 3 miles northeast of the quadrangle. The time represented 
by the unconformity was sufficiently long to allow the consolidation of 
sediments deposited during Kaibab time which are represented in the 
Triassic conglomerate beds and, as indicated by fossils, was equal 
to the duration between middle Permian (Guadalupian) and early 
part of Early Triassic (pre-Meekoceras). The Moenkopi is a con­ 
tinental red bed deposit in the Sycamore Canyon area, which was 
formed on a vast flood plain covered with streams, lake basins, and 
playas. According to McKee (1938) the Moenkopi occupies a low, 
flat area that bordered an Early Triassic seaway on the northwest. 
Because there is an average thickness of 250 feet of these sediments in 
Sycamore Canyon, the top being erosional, they most likely once 
extended farther south and covered the Clarkdale quadrangle. It is 
probable that the Shinarump conglomerate and Chinle formation of 
Triassic age extended throughout the Clarkdale area too.


If the clastic sediments of the Shinarump conglomerate and Chinle 
formation were ever deposited over the Clarkdale quadrangle, it is
then iiecesaary to postulate that'a region somewhere to tile SOllth and


southwest was uplifted (Late Triassic uplift) before or during that 
time of deposition to provide the source material. 


Assuming that the Shinarump and Chinle were deposited in the
area, it can be inferred that an uplift perhaps in Cretaceous or early 
Tertiary time then followed, because the strata were tilted, faulted,


and eroded before deposition of the Hickey (Pliocene !). McKee
(1951, p. 495^96) has pointed out the evidence for uplift during 
Cretaceous time and Babenroth and Strahler (1945) have shown that 
the Kaibab monoclinal flexure occurred during early Tertiary time.
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There is no evidence in the quadrangle that can be used for dating 
the. crustal disturbances which occurred between the Moenkopi and 
Hickey times of deposition. The disturbance could be Late Triassic, 
Early Cretaceous, or early Tertiary, or.a combination of these times.


Gently dipping sedimentary rocks were truncated by erosion so 
that the oldest Paleozoic rocks were exposed to the southwest and 
progressively younger strata exposed to the northeast. Upon this 
surface the drainage during Pliocene(?) time cut deep channels 
leading northward. The stream gravel which accumulated in these 
channels forms part of the Hickey formation, and reflects a source 
in the direction of Prescott. Some of these gravel beds were carried 
in their channels far northward in the area that is now the Colorado 
Plateau. At the same time volcanism in the form of widespread erup­ 
tions of basalt and, locally, of andesite, occurred mostly from local 
vents or fissures. The basalt, in the Hickey formation, overlapped 
successively younger rocks ranging in age from Precambrian in the 
southwestern part of the Clarkdale quadrangle, to Permian in the 
northeastern part of the quadrangle. An extremely thick sequence 
of flows on Woodchute Mountain indicates that it was a site of ex­ 
trusion, probably fissure eruptions. Vents of Bill Williams Mountain 
at Williams, Ariz., of the San Francisco Mountain at Flagstaff, and 
others, likewise contributed lava flows that accumulated in the plateau 
part of the Clarkdale quadrangle.


After the accumulation ofHhe Hickey formation the area of the 
Clarkdale quadrangle was subjected to a period of strong deformation 
which tilted and block-faulted the rocks. These structural features 
are referred to as the late period of deformation in the quadrangle 
and occurred probably during late Tertiary time. During this crustal 
disturbance, the Woodchute-Mingus Mountain block was elevated 
along boundary faults; most of the normal faults which extend north 
and northwest across the area were formed; and the plateau was up­ 
lifted relative to the Basin and Range province to the south and 
southwest. It was from this time of deformation that the present 
southward flowing drainage originated.


This late period of deformation in the Clarkdale area initiated a 
vigorous cycle of erosion. Much of the Hickey formation was eroded, 
and the escarpment of the plateau was carved. While erosion was cut­ 
ting away the land, a brief and localized spurt of volcanism took 
place. Basalt, intermediate in age between Hickey and Perkinsville 
or Verde rock, was extruded on the west side of Black Mountain. 
This basalt rests on the middle and upper members of the Supai 
formation, whereas basalt flows of the Hickey formation rest on 
Coconino sandstone. This difference in age is a means of determining 
the amount of erosion that took place between the Hickey time of
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eruptions and that-of the intermediate basalt. Furthermore, the 
intermediate basalt is present on both sides of the present Sycamore 
Canyon, which indicates that the floor of Sycamore Canyon was not 
appreciably lower than the base of the lava at the time that they 
were extruded.


As erosion progressed during what probably was Pliocene or Pleisto­ 
cene time, gravel deposits of the Verde formation started to accumulate 
along the east side of the horst block of the Woodchute and Mingus 
Mountains, and at the same time gravel of the Perkinsville formation 
was accumulating between Woodchute Mountain and the plateau to 
the north. While this deposition was taking place, Sycamore Creek 
was actively cutting its canyon. During this episode, volcanic activity 
was renewed. Lava flowed across and dammed the south end of the 
valley of the Verde River. This barrier impounded a lake in which 
the lakebeds of the Verde were deposited. Lava also flowed off the 
plateau in the northern part of the Clarkdale quadrangle and spread 
as a thin sheet over the lower gravel of the Perkinsville, and some 
lava flowed down Sycamore Canyon. Gravel continued to accumulate 
along the east side of the horst block of the Woodchute and Mingus 
Mountains, and interfingered with the lakebeds; whereas between 
Woodchute Mountain and the plateau, the gravel of the Perkinsville 
continued to accumulate.


After the deposition of the Verde and Perkinsville formations, the 
lava barrier at the south end of the valley of the Verde River presum­ 
ably was breached, lowering the base level of the drainage. This 
rejuvenated the streams and caused the meanders of the Verde River to 
be incised and superposed upon the underlying structure. Accelerated 
stream erosion, also caused deposits of the Verde formation in Syca­ 
more Canyon to be removed.


Some time after, or during the accumulation of the Perkinsville and 
Verde formations, there was a minor recurrent movement along some
of the faults which displaced strata of these formations.


Changes in base level have resulted in the formation of pediment


surfaces at different levels in the valley of the Verde Kiver, and ter­ 
races have been formed along the Verde Kiver. Although the drain­ 
age which traverses the Clarkdale area contains wash material, there
is no extensive deposition at the present time.


MINERAJL RESOURCES 


The mineral resources of the Clarkdale quadrangle include copper


and some associated gold and silver, building stone, and limestone,
Although all these, except the limestone, have been produced commer­ 
cially, the only product of considerable value has been the copper.
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The copper deposits are all in the southern part of the quadrangle 
and center around Jerome; they are chiefly of two types: massive sulfide 
replacement bodies of Precambrian age, and Tertiary lava and gravel 
which have been impregnated with supergene chrysocolla. The 
massive sulfide deposits consist of an aggregate of sulfide minerals, 
such as pyrite, chalcopyrite, sphalerite, and galena; gangue minerals 
are scarce or absent. The ore deposits of the Jerome area have been 
studied recently in great detail by Anderson and Creasey (1957).


The Red wall, which is a relatively pure limestone, has been exploited 
as a source of lime in a few places. It was quarried from small pits, 
and presumably used as a flux. Locally some limestone has been 
quarried for road aggregate and railroad ballast.


Sandstone is the only resource that is being actively exploited at 
present in the quadrangle. Many small quarry sites dot the land­ 
scape in the northern part of the quadrangle, near the Mogollon Rim 
where the sandstone of the upper member of the Supai and the Co- 
conino crops out. Probably the greatest quarrying activity in the 
quadrangle is near Sand Flat east of the Perkinsville-Williams road 
in Coconino County, where the Coconino sandstone is quarried. Red 
sandstone of the upper member of the Supai is quarried between 
Black Hills tank and Rafael tank, north of coordinate N. 1, 430,000 
and east of Perkinsville-Williams road. A number of quarries are in 
the northwest corner of the quadrangle, near where coordinate E. 
410,000 intersects the Yavapai-Coconino County line. Here an inlier 
of Coconino sandstone and Supai formation crops out, and both for­ 
mations are quarried.


The sandstone beds of the upper member of the Supai and of the 
Coconino are strongly crossbedded on a large scale and split readily 
along the crossbedding planes, so that large flat, smooth sheets and 
slabs of sandstone can be obtained with little effort. These beds 
range in thickness from 1 to 8 inches or more and have uniform tex­ 
ture. Sand grains range from medium to fine grained. Different 
types of cement or bond of the grains produces a number of colors. 
Although the Coconino sandstone is buff, in general, it locally ranges 
between grayish orange and grayish yellow because of slight dif­ 
ferences in the proportion of its iron oxide and (or) siliceous bond. 
Likewise, the generally reddish orange of the Supai has a cement of 
calcium carbonate and a matrix of clay, which differs in proportion, 
so that in some places the rocks are pale red, and in others are lavender 
or moderate red.


Most of the quarry sites are located where individual crossbeds are 
thin and easy to split, because thin flagstone commands a higher 
market price than thick blocks. In quarrying, an operator may have 
to cut through a thick bed to find thin-bedded rock, but, generally
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he selects a site where the rock is chiefly thin bedded, usually in 1- to 
3-inch beds. Subordinate to the thin bedded and easy splitting quali­ 
ties of the rock, the location of the quarry is next governed by the 
color of the rock. The most popular colors are red, lavender, and 
yellow. Buff to grayish-orange rock is very commonplace and not 
in great demand.


The sandstone quarries are open pits, of which many are worked 
into a hillside. The overburden or waste is cleared away by hand, or, 
in a few places, by bulldozers. Some drilling and blasting are done: 
a row of holes is drilled 6-8 feet back from the face, and blasting 
charges are put in the holes; but this method is wasteful. For lifting 
or splitting the beds, wedges usually are driven into notches.


The stone is quarried chiefly for flagstone which may be as much as 
2 inches thick with a minimum of 18 inches on a side. Most of the 
flagstone is in slabs about 4-6 feet square. Stone that is more than 
2 inches thick is quarried for building purposes. At the quarries the 
stone is neither cut nor prepared in any way for the market. It is 
sold in the dimension that it was quarried, the size only determining 
whether it is flagstone or "cutting stone." Flagstone is used chiefly 
for exterior steps, sidewalks, and platforms. The large-dimension 
stones are cut by stone dealers into strips 2-4 inches thick and about 
31/2 inches wide, for use as exterior decoration or veneers by the build­ 
ing industry, and the very large pieces are cut into building blocks.


The production of stone in the Clarkdale quadrangle is estimated 
at 50-100 tons per month, but at times operations halt during the 
winter. Individual producers commonly quarry out a truckload and 
sell it at Drake, Ariz., where there is a cutting machine and loading 
dock. The stone is shipped from there to the West Coast. At the 
quarry, flagstone sells at $12 per ton, and cutting stone at about $6-$8 
per ton. The largest producing.quarries are.northwest of the dark- 
dale quadrangle from where the sandstone is shipped to Ashfork.
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Digital Geologic-GIS Map of Montezuma Castle National
Monument and Tuzigoot National Monument, Arizona (GRI
MapCode MOTU)

Map Unit List

The geologic units present in the Digital Geologic-GIS Map of Montezuma Castle National Monument
and Tuzigoot National Monument, Arizona (GRI MapCode MOTU) are listed below. Units are listed
with their assigned unit symbol and unit name (e.g., Qa - Alluvium). Units are listed from youngest to
oldest. Information about each geologic unit is also presented in the GRI Geologic Unit Information
(MOTUUNIT) table included with the GRI geologic-GIS data. Some source unit symbols, names and/
or ages may have been changed in this document and in the GRI digital geologic-GIS data. This was
done if a unit was considered to be the same unit as one or more units on other source maps used for
this project, and these unit symbols, names and/or ages differed. In this case a single unit symbol and
name, and the unit's now recognized age, was adopted. Unit symbols, names and/or ages in a unit
descriptions, or on a correlation of map units or other source map figure were not edited. If a unit
symbol, name or age was changed by the GRI the unit's source map symbol, name and/or age
appears with the unit's source map description.

*Note unit Tve has been grouped with other Verde Formation members in the Map Unit Descriptions
section of this document but its age places it between units Tsy and Tabo.

Cenozoic Era

Quaternary Period
Qa - Artificial fill
Qal - Alluvium
Qc - Colluvium and sedimentary breccia
Qf - Fanglomerate
Qt - Terrace gravel
Qg - Gravel
Qs - Sediment

Quaternary and Tertiary Periods
QTl - Landslide deposits
QTf - Fanglomerate
QTg - Gravel
QTs - Sedimentary rocks

Tertiary Period
Verde Formation

Tvs - Verde Formation, undivided sedimentary rocks
Tvl - Verde Formation, lacustrine rocks
Tvls - Verde Formation, limestone
Tvg - Verde Formation, gravel
Tvt - Verde Formation, travertine

Younger volcanic and sedimentary rocks
Taby - Younger volcanic and sedimentary rocks, alkali basalt
Tby - Younger volcanic and sedimentary rocks, basalt
Tdy - Younger volcanic and sedimentary rocks, dacite
Tbsy - Younger volcanic and sedimentary rocks, basalt and sedimentary 
Tsvy - Younger volcanic and sedimentary rocks, sedimentary and volcanic
Tsy - Younger volcanic and sedimentary rocks, sedimentary

Verde Formation
*Tve - Verde Formation, evaporite beds
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Older volcanic and sedimentary rocks
Tabo - Older volcanic and sedimentary rocks, alkali basalt
Tbo - Older volcanic and sedimentary rocks, basalt
Tco - Older volcanic and sedimentary rocks, cinders and cinder cones
Tao - Older volcanic and sedimentary rocks, andesite
Tto - Older volcanic and sedimentary rocks, tuff

Hickey Formation
Thab - Hickey Formation, alkali basalt
Thb - Hickey Formation, basalt
Tha - Hickey Formation, trachyandesite
Thbs - Hickey Formation, basalt and sedimentary rocks
Thsb - Hickey Formation, sedimentary rocks and basalt
Ths - Hickey Formation, sedimentary rocks

Tertiary and Paleogene Periods
Lati-andesite of Sullivan Buttes and Santa Maria Mountains

Tlal - Lati-andesite of Sullivan Buttes and Santa Maria Mountains, lower unit

Paleozoic Era

Permian Period
Pk - Kaibab Limestone
Pkt - Kaibab Limestone and Toroweap Formation, undivided
Ptc - Toroweap Formation and Coconino Sandstone
Psh - Schnebly Hill Formation
Ph - Hermit Formation

Mississippian, Pennsylvanian, and Permian Periods
PNs - Supai Formation

Mississippian Period
Mr - Redwall Limestone

Mississippian and Devonian Periods
MDrm - Redwall Limestone and Martin Formation, undivided

Devonian Period
Dm - Martin Formation

Cambrian to Devonian Periods
DCmt - Martin Formation and Tapeats Sandstone, undivided

Cambrian Period
Ct - Tapeats Sandstone

Precambrian

Proterozoic Eon
Tonalitic rocks

Xchd - Tonalitic rocks, dikes of Cherry
Xch - Tonalitic rocks, Cherry Tonalite

Xtgr - Texas Gulch Formation, rhyolitic meta-tuffaceous rocks
Xtgs - Texas Gulch Formation, purple slate
Gabbroic rocks
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Xgb - Gabbroic rocks, gabbro
Xb - Basaltic flows
Xa - Andesitic flows
Xd - Dacitic flows
Xrd - Rhyodacitic flows
Xr - Rhyolitic flows and pyroclastic rocks
Xah - Altered andesitic rocks
Xrh - Altered rhyolitic and pyroclastic rocks
Xmv - Mafic rocks
Xt - Tuffaceous metasedimentary rocks
Xa1 - Andesitic breccia
Xr1 - Rhyolitic breccia
Xd1h - Altered dacitic breccia
Xr1h - Altered rhyolitic breccia
Xd2 - Dacitic tuff
Xr2 - Rhyolitic tuff
Xr2h - Altered rhyolitic tuff
Xd3 - Dacitic intrusive rocks
Xr3 - Rhyolitic intrusive rocks

Map Unit Descriptions

Descriptions of all geologic map units, generally listed from youngest to oldest, are presented below. 

Qa - Artificial fill (Holocene)

Manmade structures that include waste piles and tailings ponds. (GRI Source Map ID 75246) (USGS
SIM-2996). 

Qal - Alluvium (Holocene)

Sand, gravel, and silt in present-day stream beds. Includes minor terrace deposits along streams.
Simplified from Ostenaa and others (1993) in BIg Chino Valley and from House (1994) and House
and Pearthree (1993) in Verde River valley (fig. 1). Thickness highly variable, 2-20 m. (GRI Source
Map ID 75246) (USGS SIM-2996). 

Qc - Colluvium and sedimentary breccia (Holocene and Pleistocene)

Debris flows and minor landslide deposits. (GRI Source Map ID 75246) (USGS SIM-2996). 

Qf - Fanglomerate (Holocene and Pleistocene)

Poorly sorted gravel and debris flows and minor landslide deposits. Includes much medium-grained,
limestone-rich fan material in Big Chino Valley, north of Big Chino Wash. Thickness highly variable,
30–40 m. (GRI Source Map ID 75246) (USGS SIM-2996). 

Qt - Terrace gravel (Holocene and Pleistocene)

Well-sorted gravel deposits along major streams. Simplified from Ostenaa and others (1993) in Big
Chino Valley and from House (1994) and House and Pearthree (1993) in Verde River valley.
Thickness 2–10 m. (GRI Source Map ID 75246) (USGS SIM-2996). 
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Qg - Gravel (Holocene and Pleistocene)

Well-sorted sand and gravel and minor conglomerate. Simplified from Ostenaa and others (1993) in
Big Chino Valley and from House (1994) and House and Pearthree (1993) in Verde River valley.
Thickness 2–15 m. (GRI Source Map ID 75246) (USGS SIM-2996). 

Qs - Sediment (Holocene and Pleistocene)

Silt and clay containing minor deposits of mixed sediment and gravel. Simplified from Ostenaa and
others (1993) in Big Chino Valley. Unknown thickness. (GRI Source Map ID 75246) (USGS SIM-2996
). 

QTl - Landslide deposits (Pliocene to Holocene)

Chaotic blocks of Tertiary basalt and Tertiary sedimentary rocks, especially abundant in southwestern
part of map area, along Sycamore Creek, and in southeastern part of map area, east of Verde River.
In places, may be entirely Quaternary in age. (GRI Source Map ID 75246) (USGS SIM-2996). 

QTf - Fanglomerate (Pleistocene and Pliocene)

Poorly sorted gravel conglomerate that crops out on north, east, and west sides of Sullivan Buttes as
well as in other localities in map area. Gravel rich in lati-andesite fragments. Thickness 10–150 m. (
GRI Source Map ID 75246) (USGS SIM-2996). 

QTg - Gravel (Pleistocene and Pliocene)

Poorly sorted gravel and conglomerate. In southwestern Verde River valley, gravel contains angular
to semi-rounded Tertiary basalt and Paleozoic limestone and sandstone cobbles that rest
unconformably on Verde Formation. Thickness 2–10 m (GRI Source Map ID 75246) (USGS SIM-2996
). 

QTs - Sedimentary rocks (Pleistocene and Pliocene)

Siltstone, sandstone, and mixed sedimentary and volcaniclastic rocks. (GRI Source Map ID 75246) (
USGS SIM-2996). 

Verde Formation (Pliocene and Miocene)

Fine-grained clastic and chemically precipitated strata deposited in lacustrine environment (Jenkins,
1923; Twenter and Metzger, 1963; Thompson, 1983; Nations and others, 1981). Two basalt flows,
one near mouth of Sycamore Canyon and the other along Interstate 17, are interbedded with the
lakebed sediments, but are described among the younger basalts. Thickness of exposed rocks about
480 m; thickness of entire formation about 780 m, but may exceed 950 m. Age about 2–7 Ma
(Bressler and Butler, 1978; McKee and Anderson, 1971). (GRI Source Map ID 75246) (USGS SIM-
2996).

The Verde Formation is mapped as the following units:

Tvs - Verde Formation, undivided sedimentary rocks (Pliocene and Miocene)

Includes limestone, claystone, silty limestone, and siltstone. Thickness variable. (GRI Source Map ID
75246) (USGS SIM-2996). 
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Tvl - Verde Formation, lacustrine rocks (Pliocene and Miocene)

Includes claystone, siltstone, and silty limestone. Thickness variable. (GRI Source Map ID 75246) (
USGS SIM-2996). 

Tvls - Verde Formation, limestone (Pliocene and Miocene)

Limestone and silty limestone. Thickness variable. (GRI Source Map ID 75246) (USGS SIM-2996). 

Tvg - Verde Formation, gravel (Pliocene and Miocene)

Silty limestone that contains pebbles and cobbles of Paleozoic sandstone and limestone and Tertiary
basalt. Abundant on northwest and southeast margins of outcrop of Verde Formation. Thickness
variable. (GRI Source Map ID 75246) (USGS SIM-2996). 

Tvt - Verde Formation, travertine (Pliocene)

Coarse-grained, calcite-rich travertine mounds, especially abundant near Montezuma Well, in east-
central part of outcrops of Verde Formation. Thickness about 10–35 m. (GRI Source Map ID 75246) (
USGS SIM-2996). 

Tve - Verde Formation, evaporite beds (Miocene)

Sulfate-rich strata interbedded with minor limestone and siltstone (Thompson, 1983). Sulfate minerals
include glauberite, gypsum, mirabillite, and thernardite. Thickness about 10–35 m. (GRI Source Map
ID 75246) (USGS SIM-2996). 

Younger volcanic and sedimentary rocks (Pliocene and Miocene)

Alkali basalt and basalt flows and interbedded conglomeratic sedimentary rocks. In central part of
map area, flows were derived from the north, along the Mogollon Rim. Flows and sedimentary rocks
fill canyons cut through the ancestral Mogollon Rim. In northeastern part of map area, flows were
derived from the northeast, predominantly the Mormon Mountain volcanic field (Nealey and Sheridan,
1989; Weir and others, 1989), and include the so-called “ramp” basalts that flowed into the ancestral
Verde River valley. In the northwest, flows were derived from the Juniper Mountains (Goff and others,
1983), and flowed into the ancestral Big Chino Valley. Sedimentary rocks, in aggregate, predominate
over flows. Individual flows 10–20 m thick. Aggregate thickness of flows highly variable, about 40–50
m. Sedimentary rocks range greatly in thickness, because they were deposited in channels cut into
underlying bedrock. Channel deposits as thick as 60 m are noted in places. Includes Perkinsville
Formation. Age about 4–7 Ma (McKee and Anderson, 1971; Goff and others, 1983). (GRI Source Map
ID 75246) (USGS SIM-2996).

Younger volcanic and sedimentary rocks are mapped as the following units:

Taby - Younger volcanic and sedimentary rocks, alkali basalt (Pliocene and Miocene)

Alkali basalt flows and minor cinder cones. Includes flows in Verde and Perkinsville Formations.
Includes only those rocks that are proven to be alkalic. As such, percentage of outcrop defined as
alkali basalt, versus basalt, is probably underestimated. Composition ranges from picritic basalt to
alkali basalt to trachybasalt, and includes some latitic basalt (geochemistry data available at http://
pubs.usgs.gov/sim/2996).

Along northern extension of Grindstone Canyon fault, north of map area, nearly all analyzed flows are
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alkalic (fig. 2A), average to very potassic (fig. 2C), and average to very Fe rich (fig. 2D).

In Juniper Mountains in northwestern part of map area, alkalic flows (fig. 3A) are average in their K/Na
ratio (fig. 3C) and range from very Mg rich to Fe rich (fig.
3D).

Near Paulden, alkalic rocks are represented by only one analysis of the lower flow downstream from
Sullivan Lake dam and one analysis of the flow near Drake (fig. 4A); other analyses of these flows are
not alkalic.

Alkalic flows in Verde Formation near mouth of Sycamore Creek range in composition from basanite
to latitic basalt (fig. 5A), are average to very potassic (fig. 5C), and are average to very Mg rich (fig.
5D). Some flows in Munds Park and Schnebly Hill area, just east of map area, are alkalic, but more
are not alkalic (fig. 5C).

Includes flows in Perkinsville Formation, which crops out between Paulden and Verde River valley.
Age of flow in Verde Formation near mouth of Sycamore Canyon is 4.6 Ma. Age of flows in Verde
Formation near Interstate 17 about 5.7–6.4 Ma (Donchin, 1983). Age of flows in Paulden area about
4.6–6.3 Ma. (GRI Source Map ID 75246) (USGS SIM-2996). 

Tby - Younger volcanic and sedimentary rocks, basalt (Pliocene and Miocene)

Basalt flows and minor cinder cones. Includes all compositions of basalt not proven to be alkalic.
Includes flows in Verde and Perkinsville Formations. As such, percentage of outcrop defined as
basalt, versus alkali basalt, is probably overestimated. Composition is predominantly basalt, but
includes minor andesite.

In Juniper Mountains in northwestern part of map area, flows range in composition
from basalt to andesitic basalt (fig. 3A), are sodic to average in K/Na ratio (fig. 3C),
and are very Mg rich (fig. 3D).

Near Paulden all flows are basalt that is average to potassic (fig. 4C) and Mg rich to average (fig. 4D).

Flows and dikes in Verde Formation, along and north of Interstate 17, appear to define two
populations: basalt that is average to potassic (fig. 5C) and very Mg rich to Fe rich (fig. 5D); and
andesite that is very sodic to sodic (fig. 5C) and very Mg rich to average (fig. 5D).. (GRI Source Map
ID 75246) (USGS SIM-2996). 

Tdy - Younger volcanic and sedimentary rocks, dacite (Pliocene and Miocene)

Dacite and rhyodacite domes and flows. In far southern Verde River valley includes flow dome at
base of Verde Formation (Wolfe, 1983) that is a rhyodacite that is alkali-calcic (fig. 5A), mildly
peraluminous (fig. 5B), very sodic (fig. 5C), and very Mg rich (fig. 5D). Age about 7.4 Ma (McKee and
Elston, 1980). (GRI Source Map ID 75246) (USGS SIM-2996). 

Tbsy - Younger volcanic and sedimentary rocks, basalt and sedimentary (Pliocene and
Miocene)

Younger basalt flows and interbedded conglomerate and mixed sedimentary rocks. Flows
predominate over sedimentary rocks. Basalt-cobble conglomerate is most abundant sedimentary
rock. Includes parts of Perkinsville Formation, which crops out between Paulden and Verde River
valley. (GRI Source Map ID 75246) (USGS SIM-2996). 
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Tsvy - Younger volcanic and sedimentary rocks, sedimentary and volcanic (Pliocene and
Miocene)

Mixed sedimentary rocks and interbedded volcanic flows of mafic to intermediate composition.
Sedimentary rocks predominate over flows. Sedimentary rocks include basalt-cobble conglomerate
and mixed tuffaceous rocks. (GRI Source Map ID 75246) (USGS SIM-2996). 

Tsy - Younger volcanic and sedimentary rocks, sedimentary (Pliocene and Miocene)

Mixed sedimentary rocks. Includes siltstone, sandstone, and minor conglomerate west of Williamson
Valley Wash and in far southwestern Big Chino Valley. Derived from Santa Maria Mountains, to the
southwest. In far southern exposures contains thin basalt flows. Thickens greatly into Williamson
Valley Wash near Tucker where drilling and gravity data suggest thickness as much as 800 m
(Langenheim and others, 2002). (GRI Source Map ID 75246) (USGS SIM-2996). 

Older volcanic and sedimentary rocks (Miocene)

Alkali basalt, basalt, andesitic basalt, and lati-andesite flows; dacite to rhyodacite flows and domes;
and interbedded tuffaceous sedimentary rocks. Sedimentary rocks derived, primarily, from the south
and southwest. Includes Thirteenmile volcanic rocks in southeastern part of map area and rocks
younger than Hickey Formation (10–15 Ma) and older than younger basalt (4–7 Ma) throughout map
area. Flows predominate over sedimentary rocks. Individual flows 10–25 m thick. Aggregate thickness
of flows as much as 100 m. Age about 7–10 Ma (McKee and Elston, 1980). (GRI Source Map ID
75246) (USGS SIM-2996).

Older volcanic and sedimentary rocks are mapped as the following units:

Tabo - Older volcanic and sedimentary rocks, alkali basalt (Miocene)

Alkali basalt flows near base and top of Thirteenmile volcanic rocks in Hackberry Mountain area, and
in Mount Hope area, west of map area. Includes only those rocks that are proven to be alkali basalt.
As such, percentage of outcrop defined as alkali basalt, versus basalt, is probably underestimated. 

Alkali basalt and picritic rocks near base of Thirteenmile volcanics (fig. 6A) are potassic to very
potassic (fig. 6C) and range from very Mg rich to very Fe rich (fig. 6D).

Trachybasalt in Mt. Hope area (fig. 7A) is average to very potassic (fig. 7C) and average to Fe rich
(fig. 7D).

One sill in Martin Formation, along Chasm Creek, west of Verde River, is an alkali basalt (fig. 6A) that
is moderately peraluminous (fig. 6B), very sodic to average (fig. 6C), and average in its Fe/Mg ratio
(fig. 6D).

An undated, distinctive, magnetite-rich flow east of Paulden is alkalic (fig. 8A), very potassic (fig. 8C),
and average in Fe/Mg ratio (fig. 8D). Flow is presumed to belong to the older volcanic rocks because
of its intermediate topographic elevation between flows of Hickey Formation and flows of younger
volcanic rocks, but could be of Hickey age. (GRI Source Map ID 75246) (USGS SIM-2996). 

Tbo - Older volcanic and sedimentary rocks, basalt (Miocene)

Basalt flows, cinder cones, and minor dikes. Includes all compositions of basalt not proven to be alkali
basalt. As such, percentage of outcrop defined as basalt, versus alkali basalt, is probably
overestimated.
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Basalt in lower part of Thirteenmile volcanic rocks (fig. 6A) has an average K/Na ratio (fig. 6C) and is
very Mg rich to Mg rich (fig. 6D).

Undated flows west of Kirkland and west of Martin Mountain range in composition from basalt to
andesitic basalt (fig. 8A), are sodic to average in K/Na ratio (fig. 8C), and are very Mg rich to very Fe
rich (fig. 8D).

Basal part of Thirteenmile volcanic rocks may include some basalt that is equivalent to that in Hickey
Formation. (GRI Source Map ID 75246) (USGS SIM-2996). 

Tco - Older volcanic and sedimentary rocks, cinders and cinder cones (Miocene)

Cinders in beds and erosional remnants of cones. Presumed to be basaltic in composition. Exposed
predominantly in Hackberry Mountain area (GRI Source Map ID 75246) (USGS SIM-2996). 

Tao - Older volcanic and sedimentary rocks, andesite (Miocene)

Minor, but distinctive, andesite in southern Black Hills, on either side of Interstate 17, includes
distinctive gray, platy-weathering flow that is presumed to be time-correlative of youngest tuff erupted
from Hackberry volcanic center (Lewis, 1983). Chemically, rock is a lati-andesite to andesite (fig. 6A)
that is very sodic (fig. 6C) and has an average Fe/Mg ratio (fig. 6D). Andesite of similar composition is
found in Mormon Mountain volcanic field, east of map area (Wier and others, 1989).

Other rocks referred to as andesite in Mt. Hope area range in composition from basalt to andesite,
and are mostly andesitic basalt (fig. 7A) that is average to potassic (fig. 7C) and very Mg rich to Mg
rich (fig. 7D). (GRI Source Map ID 75246) (USGS SIM-2996). 

Tto - Older volcanic and sedimentary rocks, tuff (Miocene)

Rhyodacite to andesitic tuff and interbedded ash beds. In southern Verde River valley includes tuff at
Towel Creek within Thirteenmile volcanic rocks near Hackberry Mountain (Lewis, 1983) north of
Dugas. In Hackberry Mountain area, oldest units are most felsic; youngest units are most mafic.
Eruption of tuff probably signals emptying of magma chamber, with most mafic components of tuff
equivalent in composition to andesite flows (unit Tao). Ranges in composition from rhyodacite to
andesite (fig. 6A) and is metaluminous to moderately peraluminous (fig. 6B), sodic to average in K/Na
ratio (fig. 6C), and very Mg rich to Mg rich (fig. 6D). Other beds of tuff in older volcanics are presumed
to be related to these ash beds. Tuff exposed south of Skull Valley is more rhyolitic in composition
and could be, in part, older, and related to 15-Ma volcanism. (GRI Source Map ID 75246) (USGS
SIM-2996). 

Hickey Formation (Miocene)

Basalt flows and minor, interbedded sedimentary rocks. Interbedded sedimentary rocks derived from
Basin and Range province,to the south-west. Flows predominate over sedimentary rocks.Thickness
of individual flows10–25m.Thickness of aggregate flows as much as 120m. Age about 10–15Ma
(McKee and Anderson,1971; Wittke and others,1989). (GRI Source Map ID 75246) (USGS SIM-2996
).

The Hickey Formation is mapped as the following units:
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Thab - Hickey Formation, alkali basalt (Miocene)

Alkali basalt flows, cinder cones, and minor dikes. Includes only those rocks that are proven to be
alkali basalt. As such, percentage of outcrop defined as alkali basalt, versus basalt, is probably
underestimated.

In Prescott area, trachyandesite at Thumb Butte (fig. 9A) is alkalic and potassic to very potassic (fig.
9C) and has an average Fe/Mg ratio (fig. 9D). Near Mayer, most flows are alkalic, potassic to very
potassic (fig. 9C), and very Mg rich to average in Fe/Mg ratio (fig. 9D). Flows north of Prescott and
predominantly alkalic (fig. 9A), potassic to very potassic (fig. 9C), and very Mg rich (fig. 9D).

Along crest of Black Hills, from north of Woodchute Mountain to Cherry, alkali basalt underlies calc-
alkalic to alkali-calcic basalt (Wittke and others, 1989). These rocks range in composition from
basinite to alkali basalt (fig. 10A) and are average to very potassic (fig. 10C) and very Mg rich to
average (fig. 10D). Map compilation did not allow differentiating the alkalic rocks from the overlying
basalts; therefore all the outcrop of Hickey Formation from Woodchute Mountain to Cherry is shown
as basalt (Thb).

Flows north of Woodchute Mountain, from near First View on the east to St. Matthews Mountain on
the west, range in composition from trachybasalt to basinite to alkali basalt (fig. 10A) and are potassic
to very potassic (fig. 10C) and very Mg rich to average (fig. 10D).

Flows and plugs at Casner Butte, just east of map area, are strongly silica-under-saturated and range
in composition from phono-tephrite to ankaritrite to alkali basalt to picritic basalt (fig. 11A) and are very
potassic (fig. 11C) and very Mg rich to very Fe rich (fig. 11D). Flows at top of Lee and Munds
Mountains, east of Sedona, although not dated, have the chemistry of other basal flows in the Hickey
Formation by being strongly silica-undersaturated basanite and alkali basalt (fig. 11A) that are very
potassic (fig. 11C) and Mg rich (fig. 11D).

Distinguished from younger flows (units Taby and Tby) by percentage and provenenace of interflow
sedimentary rocks. Some silica-undersaturated alkali basalt in the Hickey is difficult to distinguish
fromflows in the upper part of Thirteenmile volcanic rocks. (GRI Source Map ID 75246) (USGS SIM-
2996).

Thb - Hickey Formation, basalt (Miocene)

Basalt flows, cinder cones, and minor dikes. Includes all compositions of basalt not proven to be alkali
basalt. As such, percentage of outcrop defined as basalt, versus alkali basalt, is probably
overestimated. Ranges in composition from andesitic basalt to basalt.

Southeast of Prescott, and east of Glassford Hill, flows are basalt to andesitic basalt (fig. 9A) that are
sodic to potassic (fig. 9C) and very Mg rich to Mg rich (fig. 9D).

At Big Bug Mesa and Little Mesa, flows are basalt to latitic basalt (fig. 9A) that are average in K/Na
ratio (fig. 9C) and Mg rich to average (fig. 9D).

Capping flows at crest of Black Hills, from Woodchute Mountain to Cherry, are andesitic basalt (fig.
10A) that is very sodic (fig. 10C) and very Mg rich to average (fig. 10D).

The Estler volcanic field, near Estler Peak, northeast of Cordes Junction, contains basalt and minor
andesitic basalt (fig. 10A) that is sodic to average (fig. 10C) and mostly average to Fe rich (fig. 10D).

Only one analysis is available for flows on flank of House Mountain, in Verde River valley. The one
andesitic basalt is similar to those on crest of Black Hills (fig. 11A) and is average in K/Na ratio (fig.
11C) and Fe rich (fig. 11D).
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All except one flow in Hickey Formation southwest of Hackberry Mountain are basalt to andesitic
basalt (fig. 12A) that are average to very potassic (fig. 12C) and very Mg rich to very Fe rich (fig. 12D).

Distinguished with difficulty from basalt in older volcanics (unit Tbo) and from basalt in younger
volcanics (unit Tby). Interflow sediments typically contain basement clasts derived from the southwest
and lack basalt clasts. (GRI Source Map ID 75246) (USGS SIM-2996). 

Tha - Hickey Formation, trachyandesite (Miocene)

Flows at base of Hickey Formation, west of Prescott at Thumb Butte; west and south of town of Chino
Valley; along Verde fault in Jerome area; and south of Mayer.

At Thumb Butte, trachyandesite (fig. 9A) is potassic to very potassic (fig. 9C) and average in Fe/Mg
ratio (fig. 9D). At Prescott, one flow is a latitic basalt (fig. 9A) that is very potassic (fig. 9C) and very
Mg rich (fig. 9D). Flows west and southeast of town of Chino Valley are trachybasalt (fig. 9A) that is
average in its K/Na ratio (fig. 9C) and Mg rich (fig. 9D).

Along Verde fault, basal flows range in composition from trachybasalt and lati-basalt to basinite and
alkali basalt (fig. 10A). These rocks have K/Na and Fe/Mg ratios similar to those of basal alkali basalts
on top of Black Hills.

South of Mayer, an eroded cone is trachyandesite (fig. 9A) that is sodic (fig. 9C) and average in Fe/
Mg ratio (fig. 9D). A K-Ar date on hornblende of about 19 Ma has been cited as evidence that the
cone may be related to the Sullivan Buttes volcanic field. Trachyandesite composition suggests that
cone may be age of basalt of Hickey Formation in area.

Age at Thumb Butte about 15 Ma (Nichols Boyd, 2001). (GRI Source Map ID 75246) (USGS SIM-
2996). 

Thbs - Hickey Formation, basalt and sedimentary rocks (Miocene)

Interbedded basalt and alkali basalt flows and sedimentary rocks. Flows predominate over
sedimentary rocks. (GRI Source Map ID 75246) (USGS SIM-2996). 

Thsb - Hickey Formation, sedimentary rocks and basalt (Miocene)

Interbedded sedimentary rocks and basalt and alkali basalt flows. Sedimentary rocks predominate
over flows. (GRI Source Map ID 75246) (USGS SIM-2996). 

Ths - Hickey Formation, sedimentary rocks (Miocene)

Cobble conglomerate at base of Hickey Formation. Minor interbedded sedimentary units noted higher
in formation, between basalt flows. Local fresh-water limestone and travertine north of Mayer and
southeast of Cordes are included within unit Ths. Clasts predominantly Paleozoic limestone and
sandstone, and Early Proterozoic crystalline rocks derived from the southwest. Thickness highly
variable, from 10 to 40 m, as most deposits define channels cut into Paleozoic or Early Proterozoic
rocks. Thickest section along Verde fault, east of Cherry, where approximately 100 m of fluvial
deposits define a northeast-flowing river system. (GRI Source Map ID 75246) (USGS SIM-2996). 
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Lati-andesite of Sullivan Buttes and Santa Maria Mountains (Miocene? and
Oligocene)

Flows, domes, agglomerate bodies, and cinder cones of andesitic basalt, latite, lati-andesite, and
dacite exposed at Sullivan Buttes, Santa Maria Mountains, Juniper Mountains, and possibly south of
Wilhoit. In places, contains abundant mafic to ultramafic xenoliths representative of lower continental
crust (Arculus and Smith, 1979; Smith and others, 1994). An areally large gravity high extending
south-southwest from town of Chino Valley may indicate a large body of mafic to ultramafic rocks of
Early Proterozoic age in the upper crust (Langenheim and others, 2002, fig. 8). Characteristic
chemistry of all rocks is their K- and Mg-rich nature. Intrusive centers are reversely magnetized,
creating aeromagnetic lows over many bodies (Langenheim and others, 2002). Age in Sullivan Buttes
area about 21–27 Ma. Age in Juniper Mountains about 22–34 Ma. Age undetermined in Santa Maria
Mountains and elsewhere. (GRI Source Map ID 75246) (USGS SIM-2996).

The lati-andesite of Sullivan Buttes and Santa Maria Mountains is mapped as the following unit:

Tlal - Lati-andesite of Sullivan Buttes and Santa Maria Mountains, lower unit (Miocene?
and Oligocene)

Flows, domes, breccia, cinder cones, and intrusive centers of lati-andesite, andesite, and dacite
composition, and lesser amounts of andesitic basalt and basalt (figs. 15A, 16A). Most abundant in
Sullivan Buttes volcanic field near town of Chino Valley. All rocks are average to very potassic (figs.
15C, 16C) and Mg rich to very Mg rich (figs. 15D, 16D). Thickness of domes and compound flows
does not exceed 80 m. (GRI Source Map ID 75246) (USGS SIM-2996). 

Pk - Kaibab Limestone (Lower Permian)

Gray, sandy dolomitic limestone and dolomite, limestone, and minor chert. Thickness about 150 m. (
GRI Source Map ID 75246) (USGS SIM-2996). 

Pkt - Kaibab Limestone and Toroweap Formation, undivided (Lower Permian)

Gray dolomite, limestone, and minor chert of the Kaibab and light-gray sandstone of the Toroweap.
Combined thickness about 230 m. (GRI Source Map ID 75246) (USGS SIM-2996). 

Ptc - Toroweap Formation and Coconino Sandstone (Lower Permian)

Sandstone. Combined thickness about 240–320 m. (GRI Source Map ID 75246) (USGS SIM-2996). 

Psh - Schnebly Hill Formation (Lower Permian)

Tan to light-gray, eolian, crossbedded sandstone and minor mudstone, limestone, and evaporitic beds
(Blakey, 1980; Blakey and Knepp, 1989; Blakey, 1990). Regionally, correlates with upper part of
Supai Group. Thickness near Sycamore Canyon about 195 m. Thickness at Sedona about 225 m.
Thickness at West Clear Creek about 275 m. Thins to the west. (GRI Source Map ID 75246) (USGS
SIM-2996). 

Ph - Hermit Formation (Lower Permian)

Reddish-brown sandstone, mudstone, and pebble conglomerate. Uncertainty about regional
correlation suggests that this unit might be equivalent to Supai PS2 of McKee (1975). Thickness in
Sedona area and near Sycamore Canyon about 90 m. Thins to the northwest. (GRI Source Map ID
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75246) (USGS SIM-2996). 

PNs - Supai Formation (Upper Mississippian or Upper Pennsylvanian to
Lower Permian)

Red siltstone, sandstone, silty dolomite, and minor conglomerate. Referred to as Esplanade
Sandstone (Lower Permian) in Sedona area (Blakey and Knepp, 1989; Blakey and Middleton, 1998).
Probably equivalent to Supai PS1 of McKee (1975; McKee, 1982). Thickness near Sedona about 55
m. Thickens to the northwest. Thickness near Sycamore Canyon about 190 m. (GRI Source Map ID
75246) (USGS SIM-2996). 

Mr - Redwall Limestone (Mississippian)

Gray limestone and minor chert. Extensive karst development and collapse features in upper and
lower parts. Thickness about 75–85 m. (GRI Source Map ID 75246) (USGS SIM-2996). 

MDrm - Redwall Limestone and Martin Formation, undivided (Middle?
Devonian to Mississippian)

Limestone and dolomite. Combined thickness about 180–230 m. (GRI Source Map ID 75246) (USGS
SIM-2996). 

Dm - Martin Formation (Upper and Middle? Devonian)

Dark-gray dolomite, minor limestone, and sandy siltstone. Thickness about 105–145 m. (GRI Source
Map ID 75246) (USGS SIM-2996). 

DCmt - Martin Formation and Tapeats Sandstone, undivided (Upper Devonian
through Lower Cambrian)

Dolomite and sandstone. Thickness 120–230 m. (GRI Source Map ID 75246) (USGS SIM-2996). 

Ct - Tapeats Sandstone (Middle and Lower Cambrian)

Reddish-brown sandstone and conglomerate. Map unit includes Chino Valley Formation (Devonian?
or age unknown) at top of unit. Thickness about 15–85 m. Thickens to the west. (GRI Source Map ID
75246) (USGS SIM-2996). 

Tonalitic rocks (Early Proterozoic)

Mafic intrusive rocks, primarily hornblende bearing. Form large plutons in west-central and east-
central parts of map area. Discussed from most mafic to most felsic. Most abundant in zones 5 and 6;
less abundant in zone 2. Minor body in zone 1. Tonalitic rocks range in composition from gabbro-
diorite to granodiorite (fig. 28A), and are average to very sodic (fig. 28C) and very Mg rich to Fe rich
(fig. 28D). Tonalitic rocks are calcic in zones 5 and 6, but are calc-alkalic in zone 2 (fig. 28A).
Chemistry of individual rock units summarized from west to east (figs. 29–34). (GRI Source Map ID
75246) (USGS SIM-2996).

Tonalitic rocks are mapped as the following units:
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Xchd - Tonalitic rocks, dikes of Cherry (Early Proterozoic)

Medium-grained, equigranular granodiorite to medium-grained, porphyritic granodiorite containing
phenocrysts of feldspar and quartz in north-striking, high-angle dike swarms. Equigranular
granodiorite dikes and porphyritic dikes containing quartz phenocrysts are late cogenetic bodies
related to the main tonalite mass, as evidenced by immiscible igneous textures. Porphyritic
granodiorite dikes may be related to Badger Spring Granodiorite (unit Xbs). All dikes undeformed. Age
of cogenetic dikes probably about 1,700 Ma, as suggested by hornblende and biotite K-Ar dates of
1,690–1,709 Ma. (GRI Source Map ID 75246) (USGS SIM-2996). 

Xch - Tonalitic rocks, Cherry Tonalite (Early Proterozoic)

Medium- to medium-coarse-grained hornblende-biotite diorite to granodiorite containing phenocrysts
of hornblende (Anderson and Creasey, 1967). Includes tonalite of Cherry (DeWitt, 1989), and part of
Cherry batholith (Anderson, 1989a). Newly named herein for exposures near Cherry. Type area is
designated where main mass exposed from north of Cherry to far southeastern part of map area.
Smaller bodies exposed along east side of Lonesome Valley. Prominent north-trending zone of high
magnetic intensity along eastern Lonesome Valley probably marks western contact of Cherry Tonalite
with metavolcanic rocks (Langenheim and others, 2002). Most mafic along western margin of main
mass and in southern Lonesome Valley. Exposed in erosional highs beneath Tertiary basalt from
Interstate 17 to southern margin of map area. Cuts Bishop Spring Granodiorite (unit Xbp) northwest of
Rugged Mesa. Cuts Bland Tonalite (newly named, unit Xbl) east of Perry Mesa and south of map
area, along Squaw Creek. Undeformed in most outcrops, but mildly to strongly flow foliated in places.
Strongly deformed along Shylock fault and Shylock high-strain zone in southwestern Black Hills.
Hosts gold-bearing quartz veins in Cherry district that are genetically related to the tonalite (Clements,
1991).

Chemically is calc-alkalic (fig. 34A), sodic to very sodic (fig. 34C), and very Mg rich to Fe rich (fig.
34D).
Age of sample from near Cherry, from U-Pb zircon analyses, is 1,740 Ma (Anderson and others,
1971). K-Ar hornblende dates of 1,694 and 1,690 Ma obtained from samples near Cherry (Lanphere,
1968; Dalrymple and Lanphere, 1971). 40Ar/39Ar total fusion date of 1,709 Ma obtained from one
hornblende (Dalrymple and Lanphere, 1971). K-Ar biotite dates of 1,689–1,693 Ma also obtained from
same samples. Conflicting age (cuts 1,720-Ma Bland Tonalite but has U-Pb zircon age of 1,740 Ma)
may be due to more than one tonalite body within a composite pluton (Anderson, 1989a). (GRI
Source Map ID 75246) (USGS SIM-2996). 

Xtgr - Texas Gulch Formation, rhyolitic meta-tuffaceous rocks (Early
Proterozoic)

Tan rhyolitic metatuff and interbedded phyllite. Exposed north of Dewey. Thickness undetermined.
Age about 1,715 Ma and younger (S.A. Bowring, unpub. U-Pb zircon data, cited in Karlstrom and
Bowring, 1991). (GRI Source Map ID 75246) (USGS SIM-2996). 

Xtgs - Texas Gulch Formation, purple slate (Early Proterozoic)

Metamorphosed purple shale and fine-grained tuffaceous metasedimentary rocks. Exposed north of
Dewey. Interbedded with rhyolitic meta-tuffaceous rocks (unit Xtgr) on a regional scale. Thickness
undetermined. (GRI Source Map ID 75246) (USGS SIM-2996). 
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Gabbroic rocks (Early Proterozoic)

Mafic to ultramafic intrusive rocks. Gabbro and gabbro-norite are the most common rock types (fig.
22A) and are found in all zones in the Prescott-Jerome area (fig. 21). Significant exposures of
ultramafic rocks are present only in zone 2, in the Prescott area. Evolved rocks, such as diorite and
monzodiorite (fig. 22A), are present only in central part of map area, in zones 2, 3, and 4. Many
gabbros in zone 6 (Jerome area) are Al rich and plot above the field of unaltered rocks (fig. 22B);
rocks are not altered, but are rich in Ca-plagioclase. High-Al rocks are noted in zones 2, 3, and 5, but
are especially abundant in zone 6. Gabbros have a wide range of K/Na and Fe/Mg ratios (figs. 22C,
D); no spatial variations are evident. Only the evolved rocks in zone 3 are Ti rich. Age undetermined,
but cross-cutting relations indicate that gabbros are the oldest plutonic rocks in map area. Discussed
from most mafic to most felsic, and portrayed in chemical diagrams from west (zone 1) to east (zone
6) (figs. 23–27). (GRI Source Map ID 75246) (USGS SIM-2996).

Gabbroic rocks are mapped as the following unit:

Xgb - Gabbroic rocks, gabbro (Early Proterozoic)

Medium- to coarse-grained, equigranular, hornblende-rich gabbro-norite, gabbro, and gabbro-diorite.
Exposed as large bodies throughout central Bradshaw Mountains (zones 2–5). Smaller bodies
exposed near Jerome, in the Black Hills (zone 6), especially within Grapevine Gulch Volcanics. Mildly
to strongly deformed and metamorphosed in central Bradshaw Mountains. Larger bodies have only
localized zones of high strain; smaller bodies are more thoroughly deformed. Undeformed and only
mildly metamorphosed in Black Hills.

Largest gabbro mass is exposed in zone 2, west of Prescott, and is centered on Sugarloaf Mountain.
Compositions range from gabbro-norite to diorite (fig. 23A), and include abundant leucogabbro bodies
too small to show on map. Zone 2 contains a higher percentage of gabbro-norite than most other
zones (fig. 23A), and has some of the most primitive chondrite-normalized rare-earth-element (REE)
profiles.

Zone 3 contains three large gabbro masses. One extends north from Longfellow Ridge to west edge
of Big Bug Mesa, and is referred to as the Dandrea Ranch mass, for a locality west of Big Bug Mesa.
Another, possibly related to the first, is centered on Bodie mine, west of Crooks Canyon. The last is
centered on Salida Spring, east of Prescott. A prominent aeromagnetic high east of Prescott is
spatially associated with this mass (Langenheim and others, 2002, fig. 5b). Chemistry of first two
bodies is similar, ranging from gabbro-norite, through gabbro, to gabbro-diorite (fig. 24A). Wide range
in both K/Na and Fe/Mg ratios (figs. 24C, D) and no obvious systematic pattern may suggest complex
intrusive mixtures in the two bodies. Salida Spring body contains small-scale igneous layers defined
by east-striking flow foliation. Both the Salida Spring gabbroic body and the Badger Mountain
ultramafic body have distinctive REE patterns with pronounced positive Eu anomalies, suggestive of
crystal accumulation of plagioclase.

Many small gabbro bodies are exposed in zone 4, the largest of which is at the Blue Bell mine.
Chemistry of most bodies is similar (fig. 25A) and shows little variation (figs. 25C, D).

Many gabbro bodies in Jerome area (zones 6A and 6B) are distinctive by being high Al and
plagioclase rich (fig. 27B), similar to those in zone 5 (fig. 26).
Underground samples of gabbro at United Verde mine are notably Al rich, and could represent
plagioclase cumulates of leucogabbro, as suggested by their sodic nature (fig. 27C) and Fe- to very
Fe-rich nature (fig. 27D). (GRI Source Map ID 75246) (USGS SIM-2996). 
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Xb - Basaltic flows (Early Proterozoic)

Fine- to medium-grained metamorphosed tholeiite, basalt, and minor ultramafic rocks. Includes some
basaltic andesite where flows are interbedded with tholeiite and basalt. Mafic phenocrysts minor, but
where present are converted to amphibole and opaque oxide minerals. Plagioclase phenocrysts
minor, but present in metabasalt at head of Munds Draw (zone 6). Exposed in zones 2 through 5;
minor basalt in southern part of zone 6.

In zone 2, flows are exposed north of Kirkland, west and north of Granite Mountain, in Sugarloaf
Mountain area, and in area from Maverick Mountain to Mount Tritle. Flows in zone 2 are
predominantly calcic to calc-alkalic tholeiite, basalt, and basaltic andesite (fig. 37A) that are very sodic
to average in K/Na ratio (fig. 37C) and average to very Fe rich (fig. 37D). Some andesite is present.
Flat chondrite-normalized REE patterns indicate that flows in zone 2 are among the most primitive in
Bradshaw Mountains (Ed DeWitt, unpub. data, 2002).

Zone 3A contains abundant flows from south of Spruce Mountain to Charcoal Gulch. From Bigelow
Peak to north of Walker, flows are mostly calc-alkalic andesitic basalt (fig. 38A). Bigelow Peak area
contains some of the most Mg-rich tholeiite in Bradshaw Mountains (fig. 38D). All flows have
chondrite-normalized REE patterns that have a slight light-rare-earth-element (LREE) enrichment and
a minor negative Eu anomaly (Vance, 1989; this study).

Zone 4A contains abundant flows from Towers Mountain to the northern contact of the Minnehaha
Granodiorite (newly named unit Xmh).

Flows and breccias in zones 4B and 4C extend from south of Humboldt area on the north to Silver
Mountain on the south. Flows west of the Iron King mine, extending from Spud Mountain to past the
McCabe mine along Galena Gulch, are largely calc-alkalic to calcic basaltic andesite (fig. 41A) that
are sodic to average in K/Na ratio (fig.41C) and very Fe rich (fig. 41D). Breccia bodies contained
within the flows also are andesitic basalt that ranges from alkali-calcic to calcic (fig. 41A) and that are
very sodic to sodic (fig. 41C) and very Fe rich (fig. 41D). All these flows, except those that are high Ti,
have chondrite-normalized REE patterns that have slight LREE enrichment and little to no Eu
anomalies (Vance, 1989; this study).

Some flows east of Iron King mine are calc-alkalic to alkali-calcic andesitic basalt, but more are
andesitic (fig. 41A). Andesitic basalt is very sodic (fig. 41C) and Fe rich (fig. 41D), similar to flows at
Spud Mountain.

Flows at Huron mine and east of Humboldt are calcic tholeiite to calc-alkalic basalt (fig. 41A) that is
very sodic (fig. 41C) and average to very Fe rich (fig. 41D). Chondrite-normalized REE patterns of
these flows are similar to those on Spud
Mountain.

Most flows in zone 4C are calc-alkalic basalt to calcic tholeiite (fig. 42A) that are very sodic (fig. 42C)
and Mg rich to very Fe rich (fig. 42D). REE patterns of such rocks in northern and central parts of
zone have typical LREE enrichment and little or no Eu anomaly (Vance, 1989; this study). Mafic rocks
in southern part of zone, however, have relatively flat REE patterns, similar to those of basaltic rocks
in zone 2.

Zones 5A and 5B contain minor basalt, principally along east side of Crazy Basin Granite, from
southeast of Mayer to south edge of map area, and in Yarber Wash area. In Townsend Butte and
Bland Hill areas (zone 5A), basalt to tholeiite is most common, but minor ultramafic rocks are noted
(fig. 43A). Flows are predominantly very sodic to average in K/Na ratio (fig. 43C) and range widely in
Fe/Mg ratio (fig. 43D). Calc-alkalic basalt and calcic tholeiite are also the most common flows in zone
5B (fig. 44A). Flows near contact with granophyre of Cherry are enriched in potassium (fig. 44C). Most
flows in zone 5B are average in Fe/Mg ratio (fig. 44D). Flows near Cordes and Bland Hill have low
concentrations of REE and relatively flat chondrite-normalized patterns.
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The only basaltic flows in zone 6A are at far northwest end of Black Hills, near head of Munds Draw,
and north of Squaw Peak, along south margin of Verde River valley. Flows at Munds Draw are
distinctly porphyritic, containing plagioclase phenocrysts. Flows are calc-alkalic basalt to calcic
tholeiite (fig. 45A) that is sodic to potassic (fig. 45C) and very Fe rich (fig. 45D). REE abundances are
among lowest of all basalts. Chondrite-normalized pattern is flat. Flows in Squaw Creek Canyon are
alkali-calcic to calc-alkalic basalt (fig. 45A) that range widely in K/Na ratio (fig. 45C) and are very Fe
rich (fig. 45D). (GRI Source Map ID 75246) (USGS SIM-2996). 

Xa - Andesitic flows (Early Proterozoic)

Fine- to medium-grained, metamorphosed andesite and minor andesitic basalt and dacite containing
altered phenocrysts of feldspar. Exposed in zones 2, 4, and 5 in Bradshaw Mountains and in zone 6 in
Black Hills and Dugas areas. Body along Slate Creek (zone 2) contains some breccia fragments.
Andesitic rocks along Little Copper Creek and near Potato Patch included in andesitic basalt (unit
Xab).

Body in zone 4B that extends from Iron King mine on the north to Little Bug Mesa on the south is
predominantly calc-alkalic to alkali-calcic andesite (fig. 41A) that is very sodic (fig. 41C) and Fe rich to
very Fe rich (fig. 41D). Alkali-calcic basaltic andesite (fig. 41A) is interbedded with the andesite.
Included with this normal andesite are flows of high-Ti andesite to lati-andesite that are enriched in
REE and form chondrite-normalized patterns that slope gently down from the LREE to the heavy rare-
earth-element (HREE) and that have minor to no negative Eu anomalies (Vance, 1989; this study).

A large area of andesite flows, tuffs, and interbedded chert and iron-formation crops out from Mayer to
Crown King in zone 4C. Andesite from near the Swastika mine is representative of the flows, which
are calc-alkalic (fig. 42A), very sodic (fig. 42C), and very Fe rich (fig. 42D). Smaller areas of andesite
are found east of Cordes to Mayer in zone 5A.

In the Black Hills (zone 6A), andesites are noted as bombs within tuffaceous rocks in Grapevine
Gulch Formation along Yaeger Canyon (Vance, 1989). Bombs are calc-alkalic (fig. 46A), very sodic to
sodic (fig. 46C), and very Fe rich (fig. 46D).

The Shea Basalt (Anderson and Creasey, 1967), which crops out south of Jerome in zone 6B, is a
distinctive high-Ti andesite to lati-andesite that is alkali-calcic to calc-alkalic (figs. 47A, 48A). The
Shea, which is very sodic (figs. 47C, 48C) and very Fe rich (figs. 47D, 48D), is cut by gabbro sills and
dikes too small to be shown at map scale. Limited data from altered samples of dikes and sills
suggest an alkalic syenogabbro to syenodioritic composition that is Mg rich. Gabbros of this
composition are unknown from Early Proterozoic rocks (units Xgb, Xlgb, Xdi) in map area, but are
present in Middle Proterozoic gabbro (unit Ygb). A genetic relationship of the Shea to the gabbro
bodies is possible, but unproven at present. 

Along Squaw Creek Canyon and to the south, along Verde River (zone 6A), calc-alkalic to alkali-
calcic andesite (fig. 45A) is exposed that is sodic to very potassic (fig. 45C) and average to Fe rich
(fig. 45D). (GRI Source Map ID 75246) (USGS SIM-2996). 

Xd - Dacitic flows (Early Proterozoic)

Fine-grained, porphyritic dacite containing phenocrysts of plagioclase. Flows and breccias exposed
east of Climax mine in zone 2 and west of Lynx Lake in zone 3. Minor dacite interbedded with basaltic
andesite breccia north of Big Bug Mesa in zone 4B is calc-alkalic (fig. 39A), very sodic (fig. 39C), and
very Fe rich (fig. 39D). Dacite interbedded with basalt and rhyolite at Blue Bell mine (zone 4C) is
calcic to calc-alkalic (fig. 42A), very sodic (fig. 42C), and Mg rich (fig. 42D). At Copper Mountain, in
zone 5A, dacite composition is inferred from minor-element chemistry.

Flows in Grapevine Gulch Formation in southern Black Hills (zone 6A) range from calcic dacite or
rhyodacite to calc-alkalic andesite, and include minor rhyolite (fig. 46A). An average composition is
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dacite, but some flows may be rhyodacite. Andesite and dacite or rhyodacite are sodic to average in
K/Na ratio (fig. 46C) and very Fe rich (fig. 46D).

The Brindle Pup Andesite is a series of vesicular flows that have a fine-grained groundmass and
conspicuous plagioclase phenocrysts. Flows range in composition from calc-alkalic andesite to calcic
rhyodacite (fig. 46A), and have an average composition of dacite. Overall, flows are metaluminous to
strongly peraluminous (fig. 46B), predominantly very sodic (fig. 46C), and predominantly Fe rich to
very Fe rich (fig. 46D). (GRI Source Map ID 75246) (USGS SIM-2996). 

Xrd - Rhyodacitic flows (Early Proterozoic)

Fine-grained, porphyritic rhyodacite containing phenocrysts of quartz and feldspar. Includes minor
crystal-rich tuff and fragmental rhyodacite. Exposed only in small bodies in zones 3A and 3B in
Bradshaw Mountains, but widely exposed in southern Black Hills, north of Cherry.

Small bodies near the Poland-Walker Tunnel and along Big Bug Creek north of Big Bug Mesa are
calc-alkalic (figs. 39A, 41A), predominantly very sodic (fig. 41C), and average to Fe rich (figs. 39D,
41D). Similar bodies along Benjamin Gulch in zone 3A are presumed to be calc-alkalic rhyodacite that
is strongly peraluminous, very sodic, and very Fe rich.

In southern Black Hills, three major rock units have rhyodacitic composition. Dacite of Burnt Canyon
contains vesicular flows having a fine-grained groundmass and phenocrysts of plagioclase and fine-
grained quartz. Flows range from alkali-calcic rhyodacite to calc-alkalic rhyodacite (fig. 46A), and are
metaluminous to mildly peraluminous (fig. 46B), very sodic (fig. 46C), and Fe rich to very Fe rich (fig.
46D). Relict phenocryst assemblage may indicate an overall andesitic composition (Vance, 1989).
Felsic parts of Burnt Canyon flows are calcic rhyodacite (fig. 46A), strongly peraluminous (fig. 46B),
very sodic (fig. 46C), and predominantly average in Fe/Mg ratio (fig. 46D). Similarly, relict phenocryst
assemblage may indicate an overall andesitic composition (Vance, 1989).

The Deception Rhyolite south of Brindle Pup mine has a fine-grained to aphanitic groundmass and
phenocrysts of plagioclase and quartz. Limited samples suggest that flows are calc-alkalic rhyodacite
(fig. 48A) that is strongly peraluminous (fig. 48B), very sodic (fig. 48C), and average in Fe/Mg ratio
(fig. 48D). This rhyodacitic composition is slightly more mafic than that of least altered rocks in the
Deception(?) Rhyolite near Jerome.

Rocks mapped as Gaddes Basalt are very heterogeneous and contain little to no basalt. Major rock
types consist of fine-grained, dark rhyodacite, dacite, spilitized andesite, and very minor basalt. Most
sampled units are calc-alkalic to calcic rhyodacite (fig. 48A) that is metaluminous (fig. 48B), very sodic
(fig. 48C), and Fe rich to very Fe rich (fig. 48D).

Rhyodacite flows are exposed on Marlow Mesa and along Gap Creek in zone 6A. Flows are calc-
alkalic rhyodacite (fig. 45A) that is mildly peraluminous (fig. 45B), has a wide range in K/Na ratio (fig.
45C), and is average to very Fe rich (fig. 45D).

Age of Deception Rhyolite near Jerome was suggested to be about 1,770 Ma (Anderson and others,
1971), but that age was questioned by L.T. Silver in Conway and Karlstrom (1986). Age of about
1,740 Ma (S.A. Bowring, unpub. U-Pb zircon data cited in Karlstrom and Bowring, 1991) may be more
accurate. (GRI Source Map ID 75246) (USGS SIM-2996).

Xr - Rhyolitic flows and pyroclastic rocks (Early Proterozoic)

Fine-grained, porphyritic rhyolite containing phenocrysts of quartz and minor feldspar. Includes small
bodies of breccia and tuff, as well as silicified and veined rhyolite that is not included in the
hydrothermally altered rhyolite related to massive sulfide mineralization (unit Xrh). Some flows have
extensively brecciated flow tops and margins, and are difficult to distinguish from bodies of breccia.
Exposed throughout zones 1 through 6. Particularly abundant in zone 5A along eastern margin of
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Crazy Basin Granite and in zone 6B in southern Black Hills.

Flows and minor tuff east of Climax mine in zone 2 are interbedded with dacite and more mafic rocks.
Bodies north of Spruce Mountain in zone 3A are mostly flows, but include some hypabyssal intrusive
masses that cut basaltic andesite. Limited data suggest that flows and hypabyssal bodies are calc-
alkalic rhyolite to rhyodacite that is mildly peraluminous, very sodic, and Mg rich.

Thin flows and minor bodies of tuff north of Chaparral high-strain zone and near Lynx Creek in zone
3A range from calcic rhyolite to rhyodacite that is strongly peraluminous, very sodic, and very Mg rich
to alkali-calcic rhyolite that is mildly peraluminous, very sodic, and Fe rich (Vance, 1989; this study).

South of Chaparral high-strain zone, along Big Bug Creek, in zone 4B, bodies of rhyolite are
interbedded with rhyodacite and minor tuff. Least altered bodies of rhyolite range in composition from
calcic rhyodacite to alkali-calcic rhyolite that is mildly peraluminous, ranges widely in K/Na ratio, and is
average to Fe rich (Vance, 1989). North of Big Bug Creek, near Mt. Elliott, limited data suggest
presence of alkali-calcic rhyolite to alkali rhyolite that is mildly peraluminous, average in K/Na ratio,
and Fe rich.

Large bodies of rhyolite, breccia, and tuff are exposed from north of Crown King stock to southeast of
Humboldt in zone 4C. The largest bodies, near DeSoto mine and southeast of Round Hill, are
silicified. Limited data from smaller bodies north and west of Mayer suggest rhyolite is alkali-calcic,
mildly peraluminous, sodic, and average in Fe/Mg ratio.

Largest concentration of rhyolite flows, tuffs, and variably silicified rhyolite in map area is along Black
Canyon and within the Black Canyon high-strain zone, from near Cordes to past southern boundary of
map area (Jerome, 1956; Anderson and Blacet, 1972c). Silicification and loss of alkali metals make
original composition of rhyolites difficult to ascertain.

Bodies of rhyolite near Cordes in zone 5A are fine-grained flows interbedded with andesite and
basaltic andesite. Rhyolite is calc-alkalic, mildly peraluminous, very sodic, and average to Fe rich.
Numerous bodies of rhyolite from southeast of Round Hill to west of Yarber Wash in zone 5B range
from flows to hypabyssal intrusive masses. Data are too limited to assess the chemistry of these
rhyolite bodies.

Fine-grained to aphanitic flows and hypabyssal bodies are interbedded with tuff west of northern
Black Hills, along Coyote Wash (zone 6A). Limited data suggest that high-silica rhyolite is calc-alkalic,
mildly peraluminous, very sodic, and Fe rich.

Porphyritic rhyolite containing quartz and minor plagioclase phenocrysts at Willow Spring, east of
Dugas in zone 6A, is alkali-calcic (fig. 46A), mildly peraluminous (fig. 46B), very sodic (fig. 46C), and
average to very Fe rich (fig. 46D).
The Buzzard Rhyolite in southern Black Hills (zone 6B) is a flow-banded rock that contains
phenocrysts of plagioclase and quartz. Fragments of felsic volcanics are common in rhyolite, and
breccia beds that lack matrix material are noted (Anderson and Creasey, 1958). This high-silica
rhyolite ranges from calcic to alkali-calcic (fig. 48A) and is mildly to strongly peraluminous (fig. 48B),
very sodic (fig. 48C), and Mg rich to Fe rich (fig. 48D).

Cleopatra Formation (previously referred to as Cleopatra Quartz Porphyry) and Deception Rhyolite at
Jerome are suggested to be as old as 1.76 Ga (Anderson and others, 1971). Newer determination of
1,738±0.5 Ma (S.A. Bowring, supplementary data in Slack and others, 2007) is preferred age of
rhyolite. (GRI Source Map ID 75246) (USGS SIM-2996). 

Xah - Altered andesitic rocks (Early Proterozoic)

Chloritized rock exposed in lenticular to irregularly shaped areas. Exposed west of Mayer in zone 4C,
southwest of Cordes Junction in zone 5A, and near Copper Mountain in zone 5B. Altered rocks west
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of Mayer grade upward into silicified andesite and rhyolite. South of Jerome, in zone 6B, chloritized
rocks are either altered andesite or altered rhyolite (Lindberg and Jacobson, 1974; Lindberg, 1989;
Anderson, 1989b). (GRI Source Map ID 75246) (USGS SIM-2996). 

Xrh - Altered rhyolitic and pyroclastic rocks (Early Proterozoic)

Chlorite-rich rocks having extensive iron stain caused by oxidation of sulfide minerals. Includes
chloritized rhyolite at DeSoto and Blue Bell mines in zone 4C and chloritized rhyolite at Binghampton
mine south of Round Hill in zone 5B (fig. 49).

South of Jerome, in zone 6B, includes chloritized Deception Rhyolite beneath United Verde massive
sulfide deposit (Anderson and Nash, 1972; DeWitt, 1989; Lindberg, 1989). Least altered Deception
Rhyolite (A/CNK ratio of 1.1; fig. 49B) is progressively converted into strongly peraluminous (A/CNK
ratio of 2–4) in distal zone; into Mg-rich rock (A/CNK ratio of 4–20) in proximal zone; and into chlorite
schist (A/CNK ratio of 45–300) beneath massive sulfide ore body (Vance and Condie, 1987; Gustin,
1990). Deception Rhyolite that originally was calc-alkalic (fig. 49A) becomes strongly calcic in distal
zone; plots to right of the classification diagram in proximal zone; and returns to a composition of
trachybasalt to latitic basalt in chlorite schist (fig. 49A). Deception Rhyolite that was very sodic
becomes very potassic in distal and proximal zones; and remains in very potassic field in the chlorite
schist (fig. 49C). Rhyolite that was very Fe rich becomes very Mg rich with progressive alteration (fig.
49D). Chlorite schist shows apparent REE, Y, and Zr enrichment, which is probably due to volume
reduction of Deception Rhyolite during hydrothermal alteration (Vance and Condie, 1987). (GRI
Source Map ID 75246) (USGS SIM-2996). 

Xmv - Mafic rocks (Early Proterozoic)

Includes probable andesite, basaltic andesite, and basalt flows and minor breccias. Primarily basalt
flows are exposed along west side of Mint Wash Granodiorite in zone 2. Basalt and andesite flows
and inferred andesitic breccias are exposed along west side of large gabbro on Sugarloaf Mountain in
zone 2. Basalt to andesite flows are exposed south of Pine Mountain, in far southeast corner of map
area. Basalt flows and minor dacite bodies are exposed in a large area north of Squaw Peak on south
rim of Verde River valley. Basalt and andesite exposed in canyon of Agua Fria River, south of
Richinbar mine, near southern boundary of map area. In northern part of that area, extensive
metagabbro bodies cut the basalt and are locally more abundant than the mafic metavolcanic rocks. (
GRI Source Map ID 75246) (USGS SIM-2996). 

Xt - Tuffaceous metasedimentary rocks (Early Proterozoic)

Fine-grained felsic to intermediate-composition tuff and interbedded metasedimentary rocks.
Numerous exposures in zones 2–6; particularly abundant in zone 4 where referred to as part of Spud
Mountain Formation (Anderson and Blacet, 1972a) and in zone 6 as part of Grapevine Gulch
Formation (Anderson and Creasey, 1967). Thickness difficult to estimate because of variable intensity
of folding.

South of Slate Creek in zone 2, unit contains much tuff of dacitic composition and discontinuous beds
of iron-formation. Tuff extends past west edge of map into Zonia mine area, where it is interbedded
with felsic to intermediate-composition flows.

West of Lynx Creek in zone 3A, unit is a mixture of andesitic to rhyolitic tuff and minor chemically
precipitated metasedimentary rocks.

Along and south of Chaparral high-strain zone, from Spud Mountain on the north to past Big Bug
Mesa on the south, in zone 4A, dacitic tuff is interbedded with minor andesitic tuff. Farther south, west
of Battle Flat, this tuff is present on the side of dacite crystal tuff (unit Xd2). Southeast of Iron King
mine, and extending between Big Bug Mesa and Little Mesa, in zone 4A, dacitic to rhyodacitic tuff
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contains minor andesitic material. On west side of southern part of Brady Butte Granodiorite in zone
4A, dacitic to rhyodacitic tuff is interbedded with minor sedimentary rocks. South of Crown King to
Silver Mountain in zone 4C, tuff contains much sedimentary material and thin beds of iron-formation
and chert.

A large exposure of tuff extends from east of Humboldt on the north to east of Mayer on the south
(zones 4C and 5B). Predominantly volcanic in the north, the tuff contains an increasing percentage of
wacke material to the south. Apparently, tuff grades into wacke (unit Xw) southeast of Blue Bell mine.

Much of Grapevine Gulch Formation in southwestern Black Hills (zone 6A) is fine-grained siliceous
sedimentary rocks and tuff. Fine-grained siliceous tuff is exposed along east side of Lonesome Valley.
(GRI Source Map ID 75246) (USGS SIM-2996). 

Xa1 - Andesitic breccia (Early Proterozoic)

Fine- to medium-grained, metamorphosed andesitic matrix and angular clasts of andesite and more
felsic volcanic rocks (Anderson and Blacet, 1972b, c). Small body north of Mt. Elliott in zone 3A has
matrix of calcic andesite to dacite (fig. 38A) that has an average K/Na ratio (fig. 38C) and is average
to Fe rich (fig. 38D). Small bodies of andesite breccia are exposed from Big Bug Mesa to west of
Brady Butte in zones 4A and 4B. Although rocks are altered, their minor-element composition
indicates an andesitic composition. A large mass of andesitic breccia extends from east of Humboldt
to near Copper Mountain, east of Mayer. Minor-element chemistry of rocks suggests a basaltic
andesite to andesite. Andesitic breccia in Grapevine Gulch Formation exposed north of Shylock mine
in zone 6A has a matrix that is calc-alkalic (figs. 45A, 46A), predominantly very sodic to sodic (figs.
45C, 46C), and average to very Fe rich (figs. 45D, 46D). (GRI Source Map ID 75246) (USGS SIM-
2996). 

Xr1 - Rhyolitic breccia (Early Proterozoic)

Fine-grained to aphanitic rhyolite breccia and quartz-veined rhyolite. Exposed north of Blue Bell mine
in zone 4C. Other breccia bodies too small to be shown at map scale are at DeSoto mine, in zone 4C;
southwest of Round Hill, in zone 4C; at Copper Queen mine, to the southeast of Round Hill in zone
5B; and at Copper Mountain, east of Mayer in zone 5B. Hydrothermally altered equivalent of similar
breccia is extensively exposed south of United Verde mine at Jerome, where it is part of Deception
Rhyolite and Cleopatra Formation (GRI Source Map ID 75246) (USGS SIM-2996). 

Xd1h - Altered dacitic breccia (Early Proterozoic)

Chlorite-rich breccia beds in Deception Rhyolite south of Jerome in zone 6B. (GRI Source Map ID
75246) (USGS SIM-2996). 

Xr1h - Altered rhyolitic breccia (Early Proterozoic)

Chlorite-rich breccia beds in Deception Rhyolite south of Jerome in zone 6B. Similar pattern of
chemical alteration as in altered rhyolite. (GRI Source Map ID 75246) (USGS SIM-2996). 

Xd2 - Dacitic tuff (Early Proterozoic)

Fine-grained matrix and abundant feldspar and quartz phenocrysts in crystal-rich tuff. Contains
variable concentrations of felsic to intermediate-composition clasts. Has both welded and nonwelded
characteristics where metamorphism has not destroyed original textures.

Largest mass exposed west of Battle Flat, on west side of Brady Butte Granodiorite, in zone 4A.
Contains abundant plagioclase phenocrysts and lesser partially resorbed quartz phenocrysts (Blacet,
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1985). Lithic fragments mostly of dacitic to andesitic composition. Probably intertongues with andesitic
material to the north. Composition ranges from calcic rhyodacite to calc-alkalic dacite (fig. 40A) that is
metaluminous to slightly peraluminous (fig. 40B), very sodic to sodic (fig. 40C), and very Mg rich to
average in Fe/Mg ratio (fig. 40D). Mg-rich nature of dacite is atypical for unaltered rocks in Bradshaw
Mountains and Black Hills, as most rocks are average to Fe rich (fig. 35D). REE pattern has flat
HREE segment and slightly enriched LREE and minor negative Eu anomaly (Vance, 1989; this study).
Major- and minor-element chemistry of dacite closely resemble that of Minnehaha Granodiorite (newly
named), suggesting that granodiorite may be subvolcanic equivalent of dacite.

Smaller bodies exposed north of Chaparral fault in zones 3A and 4B contain fewer phenocrysts of
plagioclase and more lithic fragments (Krieger, 1965). Tuff interbedded with breccia beds.

Crystal- and lithic-rich tuff exposed along Tule Canyon, east of Dugas in zone 6A, retains variable
compaction and welding textures. Tuff is a calc-alkalic dacite to rhyodacite (fig. 46A), and is more
mafic toward the base. Tuff is metaluminous to mildly peraluminous (fig. 46B), very sodic (fig. 46C),
and Fe rich to very Fe rich (fig. 46D).

Tuffaceous rocks in Grapevine Gulch Formation in southeastern Black Hills (zone 6A) contain mixed
sedimentary units and contain clasts of rhyolite, dacite, and dark andesite. Along Yaeger Canyon, on
west side of Mingus Mountain, tuff contains mafic lithic material and hyaloclastite (Vance, 1989). (GRI
Source Map ID 75246) (USGS SIM-2996). 

Xr2 - Rhyolitic tuff (Early Proterozoic)

Fine-grained, porphyritic rhyolite containing abundant phenocrysts of partially embayed quartz.
Particularly abundant in zones 5 and 6. Silicified and leached of alkali metals in many outcrops.
Described as quartz porphyry in places (Anderson and Blacet, 1972c).

At Hackberry mine, south of Poland Junction in zone 4B, and extending to the north, crystal-poor tuff
contains fragments of felsic volcanic rocks and minor andesite.

Along Black Canyon, from Townsend Butte on the north to past southern boundary of map area, thick
sequences of crystal-rich tuff are interbedded with rhyolite flows and flows of felsic composition. Some
bodies of tuff could be hypabyssal intrusive rocks. Silicified and leached of alkali metals in many
outcrops, as are similar rocks north of Townsend Butte (O’Hara, 1987b). Alteration to clay-rich
protolith in Early Proterozoic facilitated development of high-strain zone along thick sequence of tuff
during regional metamorphism and deformation. Least altered tuff is calc-alkalic rhyolite that is
strongly peraluminous, very sodic, and very Fe rich.

Largest body of tuff is exposed northeast of Mayer, from near Round Hill to west of Copper Mountain.
This tuff is less altered than those along Black Canyon; therefore, high-strain zones not developed
here as opposed to zones along Black Canyon. Least altered tuff northwest of Copper Mountain is
strongly peraluminous, calc-alkalic to calcic, average to potassic, and average in Fe/Mg ratio.

Bodies of tuff interbedded with Shea Basalt south of Jerome, near Copper Chief mine, were referred
to as quartz porphyry (Anderson and Creasey, 1958). Least altered rocks are alkali-calcic to calc-
alkalic rhyolite that is slightly peraluminous, very sodic, and average to Fe rich.

South of United Verde mine, along Hull Canyon, relatively unaltered tuff is interbedded with breccia
beds. Some of this tuff is part of Cleopatra Quartz Porphyry or Cleopatra Formation (Anderson and
Creasey, 1958; Anderson and Nash, 1972) that hosts the massive sulfide ore at the mine. Other tuff is
stratigraphically above beds that host massive sulfide ore (Gustin, 1990). Least altered tuff in the
Cleopatra that hosts ore is calc-alkalic rhyolite that is mildly to strongly peraluminous, very sodic, and
average to very Fe rich (Vance and Condie, 1987). Deception Rhyolite has moderate negative Eu
anomaly, similar to that in Buzzard Rhyolite (Vance, 1989). Least altered tuff in beds above the
Cleopatra is silicified and strongly peraluminous, very sodic, and very Mg rich (Gustin, 1990).
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Age of rhyolite tuff along Big Bug Creek north of Big Bug Mesa in zone 3B about 1,750 Ma (Anderson
and others, 1971). (GRI Source Map ID 75246) (USGS SIM-2996). 

Xr2h - Altered rhyolitic tuff (Early Proterozoic)

Chlorite-rich crystal tuff of Cleopatra Formation south of Jerome in zone 6B. Similar pattern of
chemical alteration as in altered rhyolite. Also includes muscovite- and quartz-rich rocks derived from
tuff and crystal-rich rhyolite tuff. Crops out as elongate to circular areas zoned from muscovite-rich
margins to quartz-rich core. Exposed east and southeast of Townsend Butte. (GRI Source Map ID
75246) (USGS SIM-2996). 

Xd3 - Dacitic intrusive rocks (Early Proterozoic)

Fine-grained, porphyritic to equigranular dacite containing phenocrysts of plagioclase. Exposed only
in Grapevine Gulch Formation in southeastern Black Hills (zone 6A). May grade into flows. (GRI
Source Map ID 75246) (USGS SIM-2996). 

Xr3 - Rhyolitic intrusive rocks (Early Proterozoic)

Fine-grained, equigranular to slightly porphyritic, irregularly shaped masses containing quartz
phenocrysts. Includes large discordant mass west of Yarber Wash in zone 5B and smaller discordant
bodies in Grapevine Gulch Formation in southern Black Hills of zone 6A. Intrusive rhyolitic rocks have
large negative Eu anomalies, which distinguish them from other rhyolitic rocks, such as Buzzard and
Deception Rhyolites (Vance, 1989). (GRI Source Map ID 75246) (USGS SIM-2996). 

USGS SIM-2996 Source Information

DeWitt, E., et. al., 2008, Geologic Map of the Prescott National Forest and the Headwaters of the
Verde River, Yavapai and Coconino Counties, Arizona: U.S. Geological Survey, Scientific
Investigations Map, SIM-2996, scale 1:100,000 (GRI Source Map ID 75246).

Location Map

Extracted from: (USGS SIM-2996).
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Index to Sources of Geologic Mapping

Extracted from: (USGS SIM-2996).
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Correlation of Units

Extracted from: (USGS SIM-2996).
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List of Map Units

Extracted from: (USGS SIM-2996).
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Map Legend

Extracted from: (USGS SIM-2996).
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Geochemistry Data

Geochemistry data for the Geologic Map of the Prescott National Forest and the Headwaters of the
Verde River, Yavapai and Coconino Counties, Arizona is presented below.

Geochemistry Data

Explanatory notes for geochemistry spreadsheet

Lines 1-20 in the spreadsheet are descriptive information for the samples:

1) Decimal latitude in degrees.

2) Decimal longitude in degrees.

3) 30 by 60 minute quadrangle location

4) 7 ½ minute quadrangle location

5) Township location

6) Range location

7) Section location

8) Elevation in feet above sea level

9) Magnetic susceptibility in cgs units (times 10-6)

10) Scintillometer reading in counts per second

11) Age in map unit subdivisions: X, Early Proterozoic; Y, Middle Proterozoic; K, Cretaceous; T,
Tertiary

12) Source of data. Abbreviated format includes first author; +, secondary authors; 1985, year of
publication.

13) Location information, if available

14) Map unit on geologic map, if available

15) Field number of sample, if available; USGS publications that lacked field numbers are given a
number utilizing an abbreviation for the Professional Paper of Bulletin, the table that contains the
analysis, and the number of the sample in the table. As an example, B1336-8 (7) is from Bulletin
1336, table 8, analysis 7.

16) Laboratory number of sample analyzed by USGS.

17) Notes about alteration of sample

18) Notes about mineralization of sample.

19) Field name for sample

20) Suite in which sample has been grouped by this author. Suites discussed in text and in figures.


X gr plut

		Decimal lat		34.7177		34.4969		34.46271		34.4777		34.4736		34.4736		34.6647		34.1619		34.5419		34.7177		34.46628				34.55035				34.5276		34.54409		34.57468				34.46710				34.7177		34.46409				34.70793				34.4073		34.4368		34.51730		34.5174		34.4569		34.439				34.0733		34.2339		34.1058		34.1417		34.0266				34.2934		34.30555		34.3136		34.29034		34.2842				34.7866				34.4237		34.3153		34.3615		34.2687		34.3160		34.3659				34.882				34.1944		34.1736		34.1725		34.1474		34.1200				34.1370		34.0938		34.2199		34.0237		34.1824		34.1289				34.2434		34.2614		34.273		34.248								34.5697		34.5125												34.7429		34.7773				34.6864		34.6852		34.719		34.678				34.3641		34.3491		34.37497		34.3227				34.2658		34.26576		34.26468		34.2839		34.1970		34.3171		34.27552				34.5139				34.3031		34.29789		34.36554				34.25048		34.2557		34.26514						34.5888		34.598				34.5985				34.33633		34.3184				34.1708		34.0928		34.1228		34.2014				34.2576		34.2415				35.1207		35.2199		35.2035		35.1981				34.6599		34.6599				34.734		34.6047		34.7239		34.5553		34.6884		34.6135								34.052		34.1208		34.2768		34.25127		34.0340						34.2065		34.2026		34.2001				34.8129		34.8136						35.1317		35.083				34.4121				34.399		34.3877		34.3933		34.43600		34.4489		34.44006				34.4924		34.52781				34.5288						34.7551		34.6325		34.6325				34.8155				34.2952		34.1498		34.2050				34.6715		34.5998		34.5718														34.47195		34.43818

		Decimal long		-112.2704		-112.3278		-112.14525		-112.1641		-112.1661		-112.1661		-112.261		-111.9622		-112.1865		-112.2704		-112.14659				-112.15844				-112.0967		-112.12322		-112.06948				-112.15123				-112.2704		-112.14459				-112.08703				-112.4389		-112.5454		-112.44451		-112.4620		-112.4678		-112.4328				-112.0499		-112.0924		-112.0451		-112.1610		-112.1451				-112.1361		-112.13423		-112.0588		-111.96070		-112.1192				-112.861				-112.577		-112.7541		-112.5967		-112.7586		-112.7048		-112.7180				-112.3209				-112.4026		-112.3759		-112.3873		-112.4589		-112.3968				-112.4927		-112.6163		-112.3951		-112.7179		-112.5356		-112.5375				-111.8853		-111.9281		-111.8899		-111.8735								-112.4828		-112.556												-112.5630		-112.5324				-112.7712		-112.8697		-112.8802		-112.7864				-112.4415		-112.4604		-112.44129		-112.4222				-112.0998		-112.09937		-112.08017		-112.1754		-112.1603		-112.0656		-112.17155				-112.6903				-112.3400		-112.33188		-112.31796				-112.37334		-112.3832		-112.34496						-112.5789		-112.5464				-112.6085				-112.12983		-112.1233				-112.3565		-112.3693		-112.3573		-112.3245				-112.5627		-112.5520				-112.6819		-112.825		-112.8879		-112.8978				-112.9831		-112.9831				-112.6637		-112.7362		-112.7483		-112.714		-112.8683		-112.7636								-112.3214		-112.3102		-112.2788		-112.30120		-112.2320						-112.4885		-112.4271		-112.4141				-112.8739		-112.8737						-112.716		-112.622				-112.523				-112.4222		-112.4149		-112.3387		-112.36473		-112.3788		-112.38266				-112.3434		-112.35825				-112.3242						-112.5946		-112.6562		-112.6814				-112.3012				-111.8738		-111.9361		-111.9163				-112.7889		-112.7421		-112.5837														-112.19770		-112.29012

		30x60 quad		Prescott		Bradshaw Mts				Bradshaw Mts		Bradshaw Mts		Bradshaw Mts		Prescott		Bradshaw Mts		Prescott		Prescott										Prescott												Prescott										Bradshaw Mts		Bradshaw Mts				Prescott		Bradshaw Mts		Bradshaw Mts				Bradshaw Mts		Bradshaw Mts		Bradshaw Mts		Bradshaw Mts		Bradshaw Mts				Bradshaw Mts				Bradshaw Mts				Bradshaw Mts				Prescott				Bradshaw Mts		Bradshaw Mts		Bradshaw Mts		Bradshaw Mts		Bradshaw Mts		Bradshaw Mts				Prescott				Bradshaw Mts		Bradshaw Mts		Bradshaw Mts		Bradshaw Mts		Bradshaw Mts				Bradshaw Mts		Bradshaw Mts		Bradshaw Mts		Bradshaw Mts		Bradshaw Mts		Bradshaw Mts				Bradshaw Mts		Payson		Payson		Bradshaw Mts								Prescott		Prescott												Prescott		Prescott				Prescott		Prescott		Prescott		Prescott				Bradshaw Mts		Bradshaw Mts				Bradshaw Mts				Bradshaw Mts						Bradshaw Mts		Bradshaw Mts		Bradshaw Mts						Prescott				Bradshaw Mts										Bradshaw Mts								Prescott		Prescott				Prescott						Bradshaw Mts				Bradshaw Mts		Bradshaw Mts		Bradshaw Mts		Bradshaw Mts				Bradshaw Mts		Bradshaw Mts				Williams		Williams		Williams		Williams				Prescott		Prescott				Prescott		Prescott		Prescott		Prescott		Prescott		Prescott								Bradshaw Mts		Bradshaw Mts		Bradshaw Mts				Bradshaw Mts						Bradshaw Mts		Bradshaw Mts		Bradshaw Mts				Prescott		Prescott						Williams		Williams				Bradshaw Mts				Bradshaw Mts		Bradshaw Mts		Bradshaw Mts				Bradshaw Mts						Bradshaw Mts						Prescott						Prescott		Prescott		Prescott				Prescott				Payson		Bradshaw Mts		Bradshaw Mts				Prescott		Prescott		Prescott

		7 1/2 quad		Prescott Vly N		Poland Jct				Mayer		Mayer		Mayer		Prescott Vly N		Brooklyn Pk		Humboldt		Prescott Vly N										Cherry												Prescott Vly N										Groom Ck		Wilhoit				Prescott		Groom Ck		Groom Ck				Squaw Ck Mesa		Joes Hill		Squaw Ck Mesa		Bumblebee		Black Cyn City				Cleator				Cordes Jct				Cordes Jct				Seepage Mtn				Wilhoit		Weaver Pk		Walnut Grove		Weaver Pk		Peeples Vly		Peeples Vly				Hell Point				Minnehaha		Minnehaha		Minnehaha		Minnehaha		Copperopolis				Minnehaha		Morgan Butte		Minnehaha		Sam Powell Pk		Wagoner		Wagoner				Brooklyn Pk		Dugas		Dugas		Brooklyn Pk								Prescott		Iron Spgs												Jerome Cyn		Sullivan Buttes				Smith Mesa		Smith Mesa		Sheridan Mtn		Smith Mesa				Battleship Butte		Battleship Butte				Battleship Butte				Cordes Jct						Cleator		Bumblebee		Cordes Jct						Skull Vly				Battle Flat										Battleship Butte								Iron Spgs		Iron Spgs				Iron Spgs						Cordes Jct				Crown King		Columbia		Columbia		Crown King				Walnut Grove		Wagoner				South Butte		Turkey Cyn NE		Purcell Cyn		Purcell Cyn				Sheridan Mtn		Sheridan Mtn				Mt Josh		Skull Vly		Mt Josh		Skull Vly		Smith Mesa		Martin Mtn								Columbia		Columbia		Battle Flat				Black Cyn City						Minnehaha		Minnehaha		Minnehaha				Seepage Mtn		Seepage Mtn						Picacho Butte		Picacho Butte SE				Wilhoit				Groom Ck		Groom Ck		Poland Jct				Groom Ck						Poland Jct						Prescott Vly S						Sullivan Buttes		Mt Josh		Mt Josh				King Cyn				Tule Mesa		Brooklyn Pk		Brooklyn Pk				Smith Mesa		Skull Vly		Iron Spgs

		Twp		16N		13N				13N		13N		13N		15N		9.5N		13N		16N										13N												16N										12N		12.5N				13N		13N		12.5N				8N		10N		9N		9N		8N				11N				11N				11N				16N				12.5N		11N		12N		11N		11N		12N				17N				10N		10N		10N		9N		9N				9N		9N		10N		8N		10N		9N				10N		10N		10N		10N								14N		13N												16N		16N				15N		15N		16N		15N				12N		12N				11N				10N						11N		10N		11N						14N				11N										11N								14N		14N				14N						11N				9N		9N		9N		10N				11N		10N				20N		21N		21N		21N				15N		15N				16N		15N		16N		14N		15N		15N								8N		9N		10N				8N						10N		10N		10N				17N		17N						20N		20N				12N				12N		12N		12N				12.5N						13N						13N						16N		15N		15N				17N				11N		9N		10N				15N		15N		14N

		Rng		1E		1W				2E		2E		2E		1E		4E		1.5E		1E										2E												1E										2W		3W				2W		2W		2W				3E		2E		3E		2E		2E				2E				3E				2E				6W				3W		5W		3W		5W		4W		4W				1W				1W		1W		1W		2W		2W				2W		3W		1W		4W		3W		3W				4E		4E		4E		4E								2W		3W												3W		3W				5W		6W		6W		5W				2W		2W				2W				2E						2E		2E		3E						4W				1W										1W								3W		3W				3W						2E				1W		1W		1W		1W				3W		3W				4W		5W		6W		6W				7W		7W				4W		5W		5W		4W		6W		5W								1W		1W		1E				1E						2W		2W		2W				6W		6W						4W		3W				3W				2W		2W		1W				1W						1W						1W						3W		4W		4W				1E				5E		4E		4E				5W		5W		3W

		Sec		33		23				30		30		30		21		31		1		33										11												33										2		26				16		33		26				4		24		(21)		9		22				34				20				35				11				33		11		20		27		8		(uns)				1				19		(uns)		(uns)		3		15				8		31		(uns)		19		26		11				14		10		2		13								29		10												27		12				3		23		34		(uns)				23		27				1				12						32		29		20						33				(uns)										(uns)								16		11				18						23				15		28		15		(uns)				34		3				16		(uns)		(uns)		14				27		27				27		36		26		18		23		26								12		13		(uns)				14						17		13		24				35		35						7		31				1				12		13		11				20						22						12						20		23		21				31				31?		4		33				(uns)		36		21

		Elev		5360		6630				4660		4460		4460		5220		3920		5060		5360										4574												5360										7040		5600				5605		5880		6580				3420		3260		2		2600		2060				3800				3520				3720				5580				5240		4600		4450		4640		4400		4240								5160		5370		5750		4290		4780				4150		2760		5550		2560		3280		2960				4490		4250		5080		4570								5550		6650												5050						5200		4820		5075						5670		5250				5580				3500						3630		2950		3440						4400														5400								6050		5800										3780				3870		3880		4370		6630				3560		3480						5200		5100						4950		4950				4750		4950		5210		4640		4830		4720								2440		5110						2240						3920		5220		5060				5580		5580						4600		5050				4960				6360		6040		5640				6940						6260						5470								5060		5000								5320		4850		4320				5020		4980		5680

		Mag susc		40		2000				70		50		50		350		800		1500		1200										2600												150										50		2000				950		1400		1800				40		40		20		25		30				40				800				400				1200				2000		800		1200		1000		150		900				60				40		70		25		350		10				1000		2000		900		350		400		150				800				400		150								1100		900												650		150				3000		3600		3000		3100				350		800				300				200						10		10		5						60				600										800								3600		3000				60						30				90		200		400		400				800		200				2600		1100		150		45				35		35				1400		500		60		5		400		300								5		150		10				10						130		5		150				400		5						5		60				5				120		650		600				1000						30						350						2		25		5				40						20		90				190		5		50

		Scint				20				15		20		20				30		45												25																								45				65				55				15		15		20		20		25				35				20				35				35				65		40		35		40		75		35				35				25		45		45		45		25				75		70		20		200		70		80				20						25								40		95												60		30				80		70		75		55				45		30				20				40						20				20						75				20										15								90		85				70						30				60		30		30		50				50		60				65		65		85						100		80				80		75		80		75		70		55								70		45		105				100														75		65								60								65		65		35				75						45						40						40		30		40				60								55				55		50		45

		Age		X		X		X		X		X		X		X		X		X		X		X		X		X		X		X		X		X				X		X		X		X				X				X		X		X		X		X		X				X		X		X		X		X				X		X		X		X		X				X				X		X		X		X		X		X				X				X		X		X		X		X				X		X		X		X		X		X				X		X		X		X				X		X		X		X		X		X		X		X				X		X				X		X		X		X				X		X		X		X				X		X		X		X		X		X		X				X				X		X		X				X		X		X				X		X		X				X				X		X				X		X		X		X				X		X				X		X		X		X				X		X				X		X		X		X		X		X				X		X		X		X		X		X		X		X				X		X		X				X		X				X		X		X				X				X		X		X		X		X		X				X		X		X		X		X				X		X		X				X				X		X		X				X		X		X														X		X

		Source		DeWitt unpub		DeWitt unpub		Anderson+ 1972b		DeWitt unpub		DeWitt unpub		DeWitt unpub		DeWitt unpub		DeWitt unpub		DeWitt 1989		DeWitt unpub		Anderson+ 1972b		Nealey unpub		Krieger 1965 and Anderson+ 1972b		Krieger 1965		DeWitt 1989		Anderson+ 1972b		Anderson+ 1972b				Anderson+ 1972b		Anderson+ 1972b		DeWitt unpub		Anderson+ 1972b				Anderson+ 1958				DeWitt unpub		DeWitt 1989		Krieger 1965 and Anderson+ 1972b		DeWitt 1989		DeWitt unpub		DeWitt unpub				DeWitt unpub		DeWitt unpub		DeWitt unpub		DeWitt unpub		DeWitt unpub				DeWitt 1989		Anderson 1972		DeWitt unpub		Anderson 1972		DeWitt 1989				DeWitt unpub				DeWitt 1989		DeWitt unpub		DeWitt unpub		DeWitt unpub		DeWitt unpub		DeWitt unpub				DeWitt unpub				DeWitt 1989		DeWitt unpub		DeWitt unpub		DeWitt unpub		DeWitt unpub				DeWitt 1989		DeWitt unpub		DeWitt unpub		DeWitt unpub		DeWitt unpub		DeWitt unpub				DeWitt unpub		DeWitt unpub		DeWitt unpub		DeWitt unpub				Krieger 1965				DeWitt unpub		DeWitt unpub		Krieger 1965		Krieger 1965		Nealey unpub		Nealey unpub				DeWitt unpub		DeWitt unpub				DeWitt unpub		DeWitt unpub		DeWitt unpub		DeWitt unpub				DeWitt 1989		DeWitt unpub		Anderson+ 1972b		DeWitt unpub				DeWitt 1989		Anderson 1972		Anderson 1972		DeWitt unpub		DeWitt unpub		DeWitt unpub		Anderson 1972				DeWitt unpub				DeWitt 1989		Blacet 1985		Blacet 1985				Blacet 1985		DeWitt 1989		Blacet 1985				Krieger 1965? - Livingston?		DeWitt 1989		DeWitt 1989				DeWitt unpub				Anderson 1972		DeWitt unpub				DeWitt 1989		DeWitt unpub		DeWitt unpub		DeWitt 1989				DeWitt unpub		DeWitt unpub				DeWitt unpub		DeWitt unpub		DeWitt unpub		DeWitt unpub				DeWitt unpub		DeWitt unpub				DeWitt unpub		DeWitt unpub		DeWitt unpub		DeWitt unpub		DeWitt unpub		DeWitt unpub				Vrba 1980		Vrba 1980		DeWitt unpub		DeWitt unpub		DeWitt 1989		Blacet 1985		DeWitt unpub		Blacet 1985				DeWitt unpub		DeWitt unpub		DeWitt unpub				DeWitt unpub		DeWitt unpub				Arney+ 1985		DeWitt unpub		DeWitt unpub				DeWitt unpub				DeWitt 1989		DeWitt 1989		DeWitt unpub		Anderson+ 1972b		DeWitt 1989		Anderson+ 1972b				DeWitt unpub		Krieger 1965 and Anderson+ 1972		Krieger 1965		DeWitt unpub		Krieger 1965				DeWitt unpub		DeWitt unpub		DeWitt unpub				DeWitt unpub				DeWitt unpub		DeWitt unpub		DeWitt unpub				DeWitt unpub		DeWitt unpub		DeWitt unpub				Anderson+ 1958		Anderson+ 1958		Anderson+ 1958		Anderson+ 1958				Anderson+ 1972		Anderson+ 1972

		Location		N Hopkins mine		N Mt Elliott		NW Yarbo		Pick & Drill		Pick & Drill		Pick & Drill		N Fain Road		Brooklyn Pk		W Dewey		N Hopkins mine		NW Yarbo				Cherry		N Hopkins		S Cherry		W Dewey		S Cherry				NW Yarbo		NW Yarbo		N Hopkins mine		NW Yarbo mine				Cu Chief road				Mt Tritle		NE Wilhoit		SE Prescott		S Prescott		SW Groom Ck		W Potato Patch				Little Squaw Ck		Badger Spgs Wash		Squaw Ck		Black Cyn		S Rock Spgs				S Cordes Jct		S Cordes Jct		E Cordes Jct		S Cordes Jct		S Cordes Jct				S Camp Wood				Wilhoit		Peeples Vly		Pole Camp Cyn		Peeples Vly		S Kirkland Jct		S Kirkland				Verde River				Pine Ck		E Minnehaha		E Minnehaha		Johnson Flat		W Silver Mtn				Hozoni Ranch		W Monte Cristo		S Horse Mtn		N Wickenburg		NE Seal Mtn		SE Seal Mtn						N Bishop Tank								Prescott		Prescott		Prescott		Sierra Prieta		N Lynx Lk		S Prescott Vly								E Tucker		W Chino Vly				Dillon Field		S Sheridan Mtn		N Sheridan Mtn		Dillon Field				NW Bodie		W Bodie		NW Bodie		S Bodie				Badger Spgs Wash		Badger Spgs Wash		W Badger Spgs Wash		S Cordes		Agua Fria		E Cordes Jct		S Cordes				Skull Vly				Tusumbia Ck		Tuscumbia Ck		N Brady Butte				N Hooper Saddle		N Hooper Saddle (float)		E Tuscumbia Mtn				Iron Spgs		W Iron Spgs		NE Iron Spgs				Ramsgate				NE Cordes Jct		Cordes Jct				Copper Basin		S Silver Mtn		SW Copper Basin		Horsethief Basin				SW Walnut Grove		SW Walnut Grove				S Tucker Cyn		W Picacho Butte		W Big Chino wash		W Big Chino wash				Yavapai		Yavapai				S Williamson Vly		Cornfield Mtn		NE Dillon Field		Ferguson Vly		S Sheridan Mtn		W Cornfield Mtn				Crazy Basin		Crazy Basin		Humbug		N Malpais		S Swastika		S Swastika		W Williams Mesa						Cellars Basin		W Minnehaha		W Minnehaha				N Camp Wood		N Camp Wood				Picacho Butte area		W Tucker Ck (float)		E South Butte				Climax mine				N Venezia		N Venezia		S Big Bug Mesa (float)		N Big Bug Mesa		S Walker		W Walker				W Bannie		Green Gulch		N Lynx Lk		Green Gulch		N Lynx Lk				E tucker		Tonto Spg		Tonto Mtn				Kings well				W Miles Cabin								S Dillon Field		S Cornfield Mtn		S Iron Spgs				UV 3000 level		UV		UV		UV				N Binghampton		S Big Bug Ck? Or cuts Texas Gulch W Brady Butte?

		Map unit		Xch		Xch		Xch		Xch		Xch		Xch		Xch		Xch		Xch		Xch		Xch		Xch		Xch		Xch		Xch		Xch		Xch				Xchg		Xchg		Xchg		Xchg				Xchd				Xgc		Xgc		Xgc		Xgc		Xgc		Xgc				Xbl		Xbl		Xbl		Xbl		Xbl				Xbl		Xbl		Xbl		Xbl		Xbl				Xcw				Xpv		Xpv		Xpv		Xpv		Xpv		Xpv				Xvr				Xmh		Xmh		Xmh		Xmh		Xmh				Xhr		Xhr		Xhr		Xhr		Xhr		Xhr				Xhs		Xhs		Xhs		Xhs				Xpr		Xpr		Xpr		Xpr		Xpr		Xpr		Xpr		Xpr				Xwv		Xwv				Xdf										Xjf		Xjf		Xjf		Xjf				Xbs		Xbs		Xbs		Xbs		Xbs		Xbs		Xbs				Xsv				Xbb		Xbb		Xbb				Xbb		Xbb		Xbb				Xmw		Xmw		Xmw				Xrg				Xbg		Xbg				Xhc		Xhc		Xhc		Xhc				Xwg		Xwg				Xsb		Xsb		Xsb		Xsb				Xob		Xob				Xcf		Xcf		Xcf		Xcf		Xcf		Xcf				Xcb		Xcb		Xcb		Xcb		Xcb		Xcb		Xcb		Xcb				Xhm		Xhm		Xhm				Xgn?		Xgn?				Xtc		Xtc		Xtc				Xcc?				Xccm		Xccm		Xccm		Xccm		Xccm		Xccm				Xcca		Xcca		Xcca		Xcca		Xcca				Xap?		Xap?		Xap?				Xkw				Xbb		Xbb		Xbb				Xap?		Xap?		Xap?														Xa3

		Field #		9-23-96-1A		4-11-91-1		B1336-8 (7)		7-6-89-9		7-6-89-8		7-6-89-8		9-20-96-2		4-29-89-1		11-27-84-1		9-23-96-1C		B1336-8 (8)		88AZ-9		PP467-8 (4) and B1336-9 (1)		PP467-8 (8)		11-27-84-3		B1336-9 (2)		B1336-9 (3)				B1336-7 (8)		B1336-7 (1)		9-23-96-1D		B1336-7 (9)				PP308-14				9-27-96-1A		11-26-84-2		PP467-8 (2) and B1336-9 (4)		11-30-84-6		4-11-89-5		11-30-84-4				4-28-89-9		4-26-89-7		4-27-89-2		4-11-87-3		4-11-87-1				11-27-84-12		B1345-5 (2)		4-28-89-1		B1345-5 (3)		11-27-84-7				11-22-89-2				11-30-84-7		4-11-89-1		5-14-97-1		4-2-87-6		4-1-87-6		4-2-87-2				6-24-89-2				11-29-84-4		11-28-84-10		11-28-84-11		7-7-89-3		7-7-89-2				11-29-84-5		3-30-87-1		11-29-84-3B		4-15-89-1		7-7-89-1		3-30-87-3				4-29-89-7		3-27-97-2C		4-30-89-1		3-19-90-1				PP467-8 (7)		unknown		4-11-89-2		4-4-87-2		PP467-8 (5)		PP467-8 (6)		88AZ-4		88AZ-3				12-2-84-1		7-3-89-2				3-31-87-9		11-23-89-2		3-31-87-8		11-6-89-4				12-1-84-3		7-4-89-2		B1336-9 (5)		7-4-89-3				11-27-84-11		B1345-5 (4)		B1345-5 (7)		4-28-89-3		4-28-89-8		4-28-89-2		B1345-5 (6)				11-30-84-8				11-29-84-1		B1548-2 (2)		B1548-2 (1)				B1548-2 (3)		11-29-84-2		B1548-2 (4)				DL201		11-30-84-9		12-1-84-4				4-25-89-5				B1345-5 (5)		11-27-84-6				11-28-84-9		7-1-89-5		7-1-89-4		11-28-84-5				3-20-90-2		4-3-87-1				5-17-97-1		7-3-89-5		7-3-89-6		5-15-97-6				12-4-89-5A		12-4-89-5B				11-23-89-4		4-1-87-2		11-23-89-1		11-23-89-5		11-23-89-3		11-6-89-1				VRC82		VRC81		11-3-89-1		11-2-89-1		11-28-84-1		B1548-2 (5)		3-29-87-1		B1548-2 (6)				5-25-97-1		5-24-97-1		5-24-97-2				11-22-89-1A		11-22-89-1B				F78-110		7-3-89-4		7-3-89-3A				5-12-97-2				12-1-84-2		12-1-84-1		4-22-97-3		B1336-9 (6)		11-30-84-2		B1336-9 (7)				4-11-91-2		PP467-8 (9) and B1336-9 (8)		PP467-8 (10)		6-27-89-3B		PP467-8 (12)				6-26-89-4		6-26-89-1B		6-26-89-2				9-25-96-1				3-27-97-3		4-29-89-2		11-27-84-9B				11-6-89-3		5-27-97-1		6-25-89-2				PP308-20 (1)		PP308-20 (2)		PP308-20 (3)		PP308-20 31)				B1336-11 (1)		B1336-11 (2)

		Lab #		F-017668		D-504688				D-335292		D-335291		D-363821		F-017655		D-331943		D-273524		F-017669				M-184729		148361		148365		D-273525												F-017670						PD				F-017675		D-273523		148336		D-273521		D-331915		D-273522				D-331953		D-331951		D-331952		D-331950		D-331949				D-273532				D-331944				D-273533				D-349648				D-331918		D-331920		F-017696		D-331919		D-331916		D-331917				D-335265				D-273530		D-363813		D-273531		D-335294		D-335293				D-273538		D-331977		D-363812		D-331978		D-363703		D-331979				D-331912		F-017682		D-331914		D-363688				148364				D-331894		D-331893		148362		148364		M-184734		M-184735				D-363809		D-335275				D-331939		D-349651		D-331881		D-350924				D-273529		D-335300				D-335301				D-273534						D-331948		D-331947		D-331946						D-363810				D-363806										D-363807								D-273520		D-273519				D-331910						D-363818				D-273537		D-335274		D-335273		D-273536				D-363697		D-331945				F-017699		D-335298		D-335299		F-017698				D-349683		D-349684				D-349653		D-331937		D-349650		D-349654		D-349652		D-350921								D-350917		D-350916		D-273535				D-331909						F-017704		F-017702		F-017703				D-350931		D-350932						D-335297		D-335296				F-017695				D-273527		D-273528		F-017691				D-273526						D-504689		148369		148368		D-335272		148367				D-335269		D-335267		D-335268				F-017673				F-017683		D-331913		D-363816				D-350923		F-017705		D-335266				PD		PD		PD		PD

		Alteration																																																																																																																																																																																																																																																																																																																																																																																																								fresh		part kaol		kaol

		Mineralization

		Rock type		ton		gd		ton		gph		gph		gph		ton		ton		ton		ton fg		ton		Nealy qd		ton		gd		gd		ton		ton				gph		di		gph		gph				gd				gd		gd		gd		gd		gd		gd				di-gb		ton		fol di		di		ton				di		gd		gd		gd		gd				gr				gd		gd		gd		gd		gd		gd				ton				gd		ton		gd		gr		di				gd		gd		gr		gd		ap		ap				gd		gd		gr		gd				gd		gd		gd		gd		gd		gd		Nealy gd		Nealy gd				gr		gr				gd		gr		gd		gr				gd		gd		gr		gd				gd		gd		gd		gd		gd		gd		gd				gd				gd		gd		gd				gd		gd		gd				gd		gd		gr				gd				gd		gd				gd		gd		gd		gr				gr		gr				gr		gr		gr		ap				gr		gr				gr		gd		gr		gr		gr		gr				gr		gr		gr		gr		gr		gr		gr		gr				lgr		lgr		lgr				gn gr		ak				X ms gr		gr		gr				lgr				gr		gr		gd		gd		gr		gr				gr		gr		gr		gr		gr				gr		ap		gr				gph				ap		gr		gr				gn gr		lgr		gd				and		and		and		and				di por		feld por

		Suite		Cherry		Cherry		Cherry		Cherry		Cherry		Cherry		Cherry		Cherry		Cherry		Cherry		Cherry		Cherry		Cherry		Cherry		Cherry		Cherry		Cherry				Cherry gph		Cherry gph		Cherry gph		Cherry gph				Cherry? dike				Govt Cyn		Govt Cyn		Govt Cyn		Gov't Cyn		Govt Cyn		Govt Cyn				Bland		Bland		Bland		Bland		Bland				Bumblebee (Bland)		Bumblebee (Bland)		Bumblebee (Bland)		Bumblebee (Bland)		Bumblebee (Bland)				Cottonwood				Peeples Vly		Peeples Vly		Peeples Vly		Peeples Vly		Peeples Vly		Peeples Vly				Verde Riv (Govt Cyn)				Minnehaha		Minnehaha		Minnehaha		Minnehaha		Minnehaha				Hassayampa Riv (Hozoni Ranch)		Hassayampa Riv (Hozoni Ranch)		Hassayampa Riv (Hozoni Ranch or Horse Mtn?)		Hassayampa Riv (Hozoni Ranch)		Hassayampa Riv (Hozoni Ranch)		Hassayampa Riv (Hozoni Ranch)				Bishop Spg (Bishop Ck)		Bishop Spg (Bishop Ck)		Bishop Spg (Bishop Ck)		Bishop Spg (Bishop Ck)				Prescott		Prescott		Prescott		Prescott		Prescott		Prescott		Prescott		Prescott				Williamson Vly		Williamson Vly				Dillon Field		Dillon Field		Dillon Field		Dillon Field				Johnson Flat (Crooks Cyn SC)		Johnson Flat (Crooks Cyn SC)		Johnson Flat (Crooks Cyn SC)		Johnson Flat (Crooks Cyn SC)				Badger Spg		Badger Spg		Badger Spg		Badger Spg		Badger Spg		Badger Spg		Badger Spg				Skull Vly				Brady Butte		Brady Butte		Brady Butte				Tuscumbia (Brady Butte)		Tuscumbia (Brady Butte)		Tuscumbia (Brady Butte)				Mint Wash (Iron Spgs)		Mint Wash (Iron Spgs)		Mint Wash (Iron Spgs)				Ramsgate				Big Bug Ck		Big Bug Ck				Humbug Ck (Lane Mtn)		Humbug Ck (Lane Mtn)		Humbug Ck (Lane Mtn)		Humbug Ck (schist?)(ms?)				Wagoner (Crooks Cyn S)		Wagoner (Crooks Cyn S)				S Butte (Chino Vly)		S Butte (Chino Vly)		S Butte (Chino Vly)		S Butte (Chino Vly)				Orejano Basin		Orejano Basin				Cornfield		Cornfield		Cornfield		Cornfield		Cornfield		Cornfield				Crazy Basin		Crazy Basin		Crazy Basin		Crazy Basin		Crazy Basin		Crazy Basin		Crazy Basin		Crazy Basin				Horse Mtn		Horse Mtn		Horse Mtn				unnamed gn gr mig		unnamed gn gr mig				Tucker Cyn		Tucker Cyn		Tucker Cyn				Climax (Crooks Cyn?)				Crooks Cyn main		Crooks Cyn main		Crooks Cyn main		Crooks Cyn main		Crooks Cyn main		Crooks Cyn main				Crooks Cyn ap N		Crooks Cyn ap N		Crooks Cyn ap N		Crooks Cyn ap N		Crooks Cyn ap N				Tonto		Tonto		Tonto				Kings Well				Bloody Basin		Bloody Basin		Bloody Basin				W Skull Vly		W Skull Vly		W Skull Vly?				Ysgb or Shea?		Ysgb or Shea?		Ysgb or Shea?		Ysgb or Shea?				Xa3		Crooks Cyn?

		Major elements (XRF)

		SiO2		56.20		56.60		60.50		62.00		60.60		59.70		57.90		64.00		63.30		62.30		60.80		64.10		65.60		64.50		67.50		65.80		68.90				74.40		69.20		74.10		77.00				69.37				54.90		64.00		61.40		64.50		64.00		64.50				54.50		61.30		62.40		64.0		66.80				58.90		58.00		61.7		67.00		68.50				60.00				67.00		67.90		67.10		66.9		70.20		69.30				67.20				67.20		66.4		67.10		71.30		65.80				66.20		64.0		69.60		71.10		74.4		73.50				68.20		72.80		72.80		72.5				67.70		68.70		70.0		70.30		69.50		70.10		68.60		71.70				68.3		71.20				67.00		67.20		66.50		67.5				69.10		69.70		70.20		72.90				70.80		69.60		74.30		71.20		71.7		74.80		72.20				70.10				71.70		70.80		70.50				70.60		70.7		71.40				68.60		67.00		70.00				69.40				71.10		74.7				70.80		70.70		70.40		73.00				71.10		73.5				66.60		68.80		72.90		72.90				72.20		72.30				69.30		72.60		73.10		72.6		72.50		74.00				73.50		73.20		70.1		69.6		72.80		73.50		73.60		73.50				73.50		74.40		75.20				71.90		71.40				73.68		74.20		75.30				74.20				73.30		73.60		73.60		70.60		74.00		73.80				75.70		77.90		76.30		76.40		78.20				75.70		74.80		73.60				76.40				76.00		75.40		77.90				74.60		75.50		75.00				41.03		52.00		45.50		48.40				59.00		66.50

		TiO2		0.91		0.76		0.70		0.70		0.56		0.53		0.47		0.46		0.45		0.45		0.42		0.40		0.38		0.36		0.31		0.27		0.16				0.27		0.25		0.13		0.01				0.20				0.82		0.71		0.69		0.51		0.48		0.45				0.55		0.51		0.47		0.40		0.37				0.90		0.85		0.54		0.49		0.41				0.64				0.36		0.36		0.36		0.35		0.24		0.24				0.33				0.43		0.42		0.36		0.27		0.26				0.72		0.62		0.40		0.24		0.30		0.09				0.32		0.25		0.24		0.21				0.41		0.37		0.33		0.23		0.23		0.20		0.44		0.30				0.35		0.24				1.16		0.97		0.90		0.86				0.29		0.26		0.25		0.13				0.32		0.32		0.25		0.23		0.18		0.15		0.10				0.31				0.25		0.24		0.21				0.30		0.24		0.23				0.74		0.72		0.61				0.34				0.33		0.22				0.29		0.26		0.25		0.22				0.31		0.16				0.92		0.62		0.34		0.15				0.29		0.26				0.61		0.31		0.26		0.21		0.20		0.16				1.00		0.40		0.36		0.32		0.15		0.11		0.07		1.00				0.15		0.08		0.05				0.34		0.05				0.15		0.15		0.07				0.15				0.21		0.18		0.17		0.16		0.15		0.14				0.17		0.11		0.10		0.06		0.06				0.02		< 0.02		< 0.02				0.09				0.19		0.12		0.08				0.14		0.05		0.15				0.80										0.72		0.37

		Al2O3		15.30		18.30		14.80		14.30		15.00		14.90		17.20		16.20		15.80		15.50		15.00		15.90		16.20		17.40		16.20		15.90		15.50				12.20		13.20		13.60		12.40				15.94				15.80		15.10		16.70		15.20		15.00		15.20				17.30		15.20		16.00		14.5		14.80				14.50		17.20		15.7		14.30		14.00				16.30				15.80		15.60		15.50		16.0		15.60		16.10				14.80				14.80		15.5		15.00		14.50		16.80				14.70		15.7		14.60		14.80		12.7		14.10				15.30		13.90		13.80		13.7				15.80		15.60		15.4		15.60		16.00		16.60		16.00		14.70				16.0		15.30				13.90		13.80		13.90		13.9				16.00		15.60		15.20		15.10				14.00		14.60		13.00		13.90		14.2		13.50		13.90				14.50				14.20		15.10		14.40				15.50		14.8		14.60				13.60		15.00		13.90				14.80				14.60		12.5				15.30		15.50		15.60		14.80				14.20		13.8				13.10		14.50		13.40		13.90				13.60		13.60				13.70		13.60		13.50		13.7		13.50		13.60				14.00		14.80		14.6		15.8		14.20		14.30		14.30		14.00				13.50		13.80		13.50				13.80		15.50				14.23		14.10		13.20				12.60				13.30		13.20		13.10		14.60		13.00		13.40				12.70		13.20		13.40		12.50		13.00				14.50		14.40		14.80				12.30				11.90		12.60		11.90				13.50		14.00		13.20				17.20		19.75		18.41		24.12				17.30		15.90

		Fe2O3						2.00																2.20				2.50		1.60				2.10		1.40				1.10		2.30				0.55												2.60																								1.80				1.30																																																																2.00		1.20						1.30		1.20																												0.66								0.82		0.97								1.11										1.00		0.84				1.10				1.10				1.90												1.10																																																				0.40		0.40								0.42				0.40																																				1.20				0.33						0.61		0.80				0.60																																1.52		3.43		1.28		1.83				2.60		1.30

		FetO3		7.43		7.57				8.70		7.72		7.73		5.55		5.19		5.74		5.00				4.89						3.69												1.15										7.66		5.07				4.67		4.85		4.32				10.30		7.72		5.69		6.91		4.80				10.27				7.12				4.80				6.92				3.20		3.30		3.00		3.13		2.22		2.39				3.16				5.43		5.27		4.73		2.57		3.45				5.41		5.48		3.70		2.17		1.85		1.35				4.40		2.51		3.00		2.77								2.52		2.04						2.17		1.80				2.76		1.98				4.82		5.05		5.63		4.77				3.10		2.66				1.44				4.21						3.69		2.96		1.99						2.69				2.70										2.59								4.06		3.78				2.93						3.13				2.18		2.02		2.20		1.80				2.64		1.74				5.87		3.72		2.32		1.58				2.38		2.29				3.73		2.28		1.69		1.77		1.77		1.49								3.06		2.51		1.78				1.10						1.67		1.03		0.78				2.51		0.55				0.48		1.07		0.76				1.85				2.50		2.63		2.23				2.41						1.35						1.20						0.50		0.42		0.47				1.08				2.22		1.46		0.60				1.20		0.44		1.79

		FeOt																																																3.26																																																																																																																																																																																																																																																																																				0.54

		FeO						6.60																4.70				2.30		2.20				2.30		1.80				2.40		2.80				1.50												2.70																								6.20				3.60																																																																1.60		1.40						1.50		0.81																												1.40								2.80		1.30								2.20										1.60		1.60				1.90				1.30				1.80												2.00																																																				1.00		0.90								0.80				1.00																																				1.80				1.70						0.06		0.48				0.35																																8.09		7.86		19.99		8.61				3.50		1.60

		MnO		0.13		0.17		0.19		0.10		0.13		0.13		0.09		0.09		0.09		0.10		0.15		0.09		0.08		0.06		0.06		0.08		0.08						0.66		0.03										0.14		0.06		0.08		0.06		0.08		0.05				0.18		0.13		0.09		0.12		0.08				0.18		0.16		0.12		0.30		0.08				0.12				0.05		0.05		0.05		0.05		0.04		0.04				0.04				0.09		0.08		0.08		0.04		0.06				0.09		0.09		0.09		0.04		0.05		0.03				0.11		0.03		< 0.02		0.05				0.06		0.07		0.03		0.02		0.04		0.05		0.03		0.03				0.02		0.03				0.11		0.12		0.12		0.11				0.06		0.07		0.07		0.03				0.08		0.02		0.08		0.06		0.05		0.04		0.06				0.04				0.05		0.06		0.07				0.08		0.05		0.07				0.07		0.09		0.08				0.04				0.07		0.04				0.01		< 0.02		0.04		0.02				0.05		0.04				0.13		0.11		0.05		0.04				0.03		0.03				0.10		0.05		0.05		0.04		0.04		0.04				0.30				0.02		0.02		0.04		0.03		0.06		0.03				0.03		0.04		0.03				0.05		< 0.02				0.03		0.05		< 0.02				0.05				0.06		0.06		0.06		0.08		0.06		0.02				0.02				0.01		< 0.02		0.01				0.03		< 0.02		0.21				< 0.01				0.06		< 0.02		< 0.02				< 0.02		0.02		0.04				0.22										0.11		0.02

		MgO		4.96		2.42		2.20		1.89		2.79		2.82		4.02		1.73		2.15		3.18		2.70		1.70		1.70		2.10		1.12		1.50		0.99				0.36		1.50		0.24		0.21				2.17				4.88		2.67		2.80		2.62		2.61		2.47				3.64		3.07		2.05		2.53		1.74				3.00		2.90		2.29		1.70		1.49				2.66				1.54		1.48		1.54		1.54		0.72		0.87				1.86				1.73		1.79		1.44		0.72		1.76				1.58		1.89		0.90		0.47		0.41		0.29				1.42		0.58		0.61		0.54				1.50		0.92		0.75		0.88		1.10		0.72		0.40		0.30				0.89		0.66				1.13		1.25		1.25		1.09				1.00		0.86		0.80		0.35				0.98		1.10		0.50		0.75		0.52		0.42		0.64				0.74				0.67		0.75		1.20				0.16		0.68		0.58				1.10		1.05		0.98				0.78				0.76		0.47				0.65		0.63		0.73		0.42				0.64		0.37				1.43		0.87		0.62		0.40				0.44		0.41				0.82		0.51		0.41		0.41		0.38		0.31				0.10		0.20		0.71		0.83		0.34		0.23		0.27		0.10				0.27		0.17		0.12				0.52		0.25				0.38		0.30		0.27				0.17				0.45		0.24		0.18		0.74		0.18		0.24				0.11		0.05		0.26		< 0.10		0.10				0.20		0.24		0.15				< 0.10				0.20		0.12		< 0.10				0.28		< 0.10		0.36				5.75		3.62		6.30		3.55				3.10		1.20

		CaO		7.37		6.10		6.10		5.50		6.23		6.54		6.71		5.11		5.23		5.39		6.40		4.94		4.60		4.50		4.38		5.20		4.20				1.60		4.30		1.08		0.56				3.00				6.72		4.54		4.70		4.44		4.36		3.73				9.10		6.57		4.73		5.93		4.53				6.90		6.60		5.23		4.80		4.20				5.42				3.87		3.81		3.79		4.02		2.96		3.12				3.42				4.38		3.52		4.11		2.65		4.57				3.76		4.28		2.44		1.70		0.69		0.59				4.17		3.74		3.76		2.56				3.30		2.40		2.25		2.47		3.20		2.90		2.58		1.96				2.66		1.89				2.93		2.82		3.02		2.63				3.53		2.96		2.80		2.16				4.02		4.10		2.40		2.76		3.08		2.25		2.70				2.10				2.31		1.70		2.00				2.30		2.26		1.90				2.10		2.53		2.02				2.26				2.00		3.80				2.39		2.31		2.45		1.76				1.90		1.58				2.64		1.73		0.95		0.36				1.38		1.40				2.09		1.18		0.86		1.28		1.05		1.01				1.30		1.40		2.09		2.42		1.33		1.10		1.07		1.30				1.15		0.97		1.14				1.50		0.87				0.36		0.47		0.26				1.38				1.55		1.15		0.81		2.60		0.97		1.10				0.41		0.22		0.49		0.52		0.74				0.34		0.52		0.30				0.26				1.05		0.41		0.10				0.38		0.29		0.97				10.00		9.40		< 0.02						5.4		3.3

		Na2O		3.73		3.74		2.70		3.50		2.73		2.95		3.88		3.99		3.29		3.81		3.00		3.50		3.60		4.40		4.21		4.20		4.40				3.70		2.30		3.58		4.40				3.10				3.68		3.96		4.20		4.12		4.28		4.09				2.55		2.75		3.39		2.69		3.40				2.68		2.70		3.68		3.20		3.23				3.29				4.71		4.20		4.55		4.24		4.63		4.81				4.21				3.02		3.57		3.18		3.89		4.29				3.39		4.04		3.51		3.29		3.27		3.31				3.76		4.09		4.17		4.08				4.00		5.10		4.64		4.78		4.30		4.70		5.00		4.70				5.07		4.68				2.77		2.84		2.84		2.90				4.46		4.30		4.10		4.26				3.39		3.50		4.40		3.92		3.69		4.77		3.40				3.32				3.80		3.70		4.00				3.80		3.83		3.60				3.30		3.30		3.01				3.27				4.90		3.46				4.91		4.94		4.76		4.15				3.48		3.43				2.57		2.76		2.92		3.11				2.80		2.84				3.08		2.95		2.94		3.23		2.59		3.38				3.00		3.50		3.43		4.95		2.92		3.30		3.27		3.00				2.67		3.84		2.81				3.07		3.25				2.51		2.76		3.27				3.42				3.59		4.10		4.04		3.50		4.02		4.30				3.52		4.10		3.90		3.84		4.40				4.24		3.81		2.96				3.07				3.89		3.44		3.30				2.50		4.24		3.81						1.97		1.16		0.89				4.10		4.90

		K2O		1.44		1.64		1.20		1.24		1.45		1.21		1.39		1.72		2.20		2.30		1.30		2.56		2.10		1.90		1.23		1.20		1.30				1.30		1.60		4.49		2.50				2.01				1.96		2.36		3.40		2.73		2.26		3.61				0.74		1.21		2.60		0.85		1.96				0.98		1.40		1.75		1.70		1.85				1.56				2.10		2.17		2.50		2.40		2.32		2.09				2.95				2.38		2.38		2.59		2.95		1.77				3.20		2.26		3.81		5.34		4.96		5.49				0.79		0.19		0.27		1.96				2.60		2.30		2.95		2.43		2.10		2.00		2.72		3.06				2.26		2.84				4.71		4.32		4.18		4.44				1.46		2.66		2.90		2.49				1.16		1.00		1.40		1.61		1.87		0.56		2.00				4.54				2.99		3.30		3.20				2.90		3.58		3.60				4.70		4.72		4.77				4.29				0.73		0.39				2.15		2.55		2.57		3.07				4.30		4.27				4.31		5.17		5.33		6.08				5.22		5.25				4.68		5.24		5.57		5.14		6.14		4.47				4.80		5.10		3.63		2.14		5.25		4.90		5.25		4.80				5.65		4.43		5.06				4.82		7.16				5.62		5.44		5.48				3.48				3.98		3.86		4.08		3.50		4.06		3.70				4.57		4.50		3.70		4.70		1.90				3.05		4.58		6.22				5.36				2.76		5.15		4.84				5.67		4.11		3.30														2.1		1.5

		P2O5		0.37		0.47		0.57		0.48		0.14		0.14		0.18		0.17		0.18		0.16		0.14		0.24		0.14		0.15		0.15		0.22		0.11				0.02		0.02		< 0.05		0.01								0.43		0.28		0.35		0.32		0.25		0.23				0.14		0.12		0.17		0.1		0.10				0.33		0.13		0.16		0.10		0.13				0.19				0.16		0.14		0.15		0.14		0.09		0.11				0.19				0.14		0.12		0.64		0.09		0.08				0.28		0.24		0.16		0.09		0.07		0.07				0.10		0.08		0.07		0.07				0.13		0.11		0.12		0.10		0.09		0.05		0.18		0.12				0.13		0.11				0.31		0.40		0.39		0.28				0.12		0.10		0.11		< 0.05				0.10		0.06		0.02		0.06		< 0.05		< 0.05		0.06				0.11				0.09		0.31		0.09				0.23		0.08		0.27				0.23		0.25		0.22				0.12				0.09		0.05				0.10		0.07		0.07		0.07				0.11		0.05				0.55		0.33		0.13		0.06				0.09		0.07				0.25		0.14		0.11		0.09		0.09		0.06								0.12		0.11		0.08		0.35		0.07		0.31				0.08		0.05		< 0.05				0.13		0.12				0.21		0.17		< 0.05				< 0.05				0.06		0.02		< 0.05		0.07		0.05		0.04				< 0.05		0.01		0.02		< 0.05						0.10		0.11		0.14				< 0.05				0.06		< 0.05		< 0.05				0.09		0.08		< 0.05						1.46		2.04		1.04				0.28		0.11

		H2O+						2.30																2.20		0.57		0.84		1.00				0.68		0.84				1.20		1.76				0.79				1.14								0.62																								2.00				1.40																												0.45																																				0.64		0.73						0.70		0.67		0.17		0.29																								0.82								1.50		1.10								1.10										0.78		0.79				0.70				0.85				0.48												1.50																																																				0.37										0.69				0.28																																				0.84				0.77						0.30		0.50				0.39																																		0.10		5.10		6.75				1.50		1.40

		H2O-						0.00																0.06		0.03								0.04		0.02				0.08						0.00																																				0.10				0.09																																																																												0.12		0.05																								0.03								0.11		0.11								0.07																																				0.08																																																														0.08				0.09																																				0.05				0.23																																												0.70		0.10		0.20		0.40				0.12		0.16

		CO2						< 0.05																0.70		0.03		0.07		0.16				< 0.05		< 0.05				0.74		0.05				< 0.05				0.53								0.06																								< 0.05				< 0.05																																																																0.28		0.08						0.34		0.24		0.18		0.13																								0.05								< 0.05		< 0.05								0.16										0.12		1.00				0.12				0.18				0.03												0.21																																																				0.19										0.09				0.19																																				0.03				0.05						0.08		0.32				0.36																																		< 0.02		0.25		1.95				0.06		1.60

		S																										< 0.01		< 0.01																												< 0.01																																																																																												0.04										< 0.01																																																																																																																																																																																																		< 0.01		< 0.01				0.02																																0.02		0.66		0.40

		F

		Cl

		LOI		1.24		1.95				1.37		2.36		2.69		1.56		1.14		1.14		0.91										1.71												0.44										1.26		0.98				0.60		0.87		0.79				1.46		1.54		1.75		1.61		1.12				1.80				1.80				1.18				2.60				0.70		0.62		0.51		0.52		0.70		0.40				0.81						0.76		1.00		0.55		0.59				0.39		0.62		0.70		0.34		0.48		0.58				1.31		0.94		0.86		0.95								0.51		0.90												0.75		0.52				0.59		0.50		0.66		0.47				0.92		0.45				0.64				1.19						1.89		1.01		1.33						1.06				1.30										0.56								0.60		0.52				0.94						0.99				0.88		0.36		0.75		0.45				0.64		0.39				0.59		0.83		0.78		0.69				0.76		0.77				0.69		0.60		0.62		0.71		0.59		0.66								0.70		0.45		0.54				0.69						0.41		0.39		0.36				0.85		0.51						1.00		0.74				1.20				0.53		0.35		0.50				0.61						0.80						0.27						0.91		0.76		0.69				0.40				0.69		0.71		0.70				0.83		0.52		0.74				11.16

		Less O

		TOTAL		99.08		99.72		99.86		99.78		99.71		99.34		98.95		99.80		99.57		99.10		99.77		98.95		100.11		100.33		100.56		99.49		99.70				99.37		99.94		98.84		99.93				100.72				98.25		99.73		100.30		99.77		99.04		99.44				100.46		100.12		99.34		99.64		99.70				100.44		100.04		100.09		99.98		99.87				99.70				99.49		99.63		99.05		99.29		99.72		99.47				98.97				100.05		99.81		100.23		99.53		99.43				99.72		99.22		99.91		99.58		99.18		99.40				99.88		99.11		99.58		99.39				100.06		98.98		99.50		99.75		100.40		100.24		98.59		99.14				99.19		99.45				99.43		99.27		99.39		98.95				100.04		99.62		99.39		99.50				100.25		99.53		99.83		100.07		99.26		99.81		99.70				99.51				100.06		99.46		99.90				99.69		99.37		99.68				98.65		99.32		99.89				99.17				99.47		99.75				99.66		99.34		99.82		99.76				99.37		99.33				98.71		99.44		99.74		99.27				99.19		99.22				99.05		99.46		99.11		99.18		98.85		99.18				99.96		99.90		98.82		99.15		99.43		99.90		99.75		100.00				99.08		99.20		99.05				99.49		99.66				98.19		99.71		99.35				98.50				99.53		99.39		98.77		99.77		99.51		99.82				99.35		101.14		100.28		99.49		100.13				99.59		99.64		99.54				98.96				99.02		99.41		99.42				99.19		99.25		99.36				96.49		100.35		100.63		97.54				99.89		99.86

		Calculations

		R1		1872		1849		2537		2360		2519		2438		2002		2301		2377		2121		2482		2294		2462		2178		2612		2486		2632				3235		3275		2581		2924				2952				1678		2159		1645		2064		2080		1879				2278		2616		2189		2924		2653				2461		2337		2200		2782		2851				2273				2209		2431		2184		2301		2426		2352				2203				2699		2455		2606		2605		2351				2303		2146		2395		2258		2580		2400				2903		3281		3222		2846				2375		2147		2252		2359		2530		2473		2091		2337				2141		2360				2227		2306		2279		2286				2591		2419		2479		2720				3125		3051		2990		2874		2948		3102		3041				2353				2652		2553		2455				2586		2440		2565				2181		2067		2367				2375				2732		3569				2406		2300		2335		2619				2420		2630				2345		2284		2505		2286				2526		2515				2318		2497		2473		2436		2424		2641				2644		2394		2516		2305		2535		2542		2483		2644				2580		2527		2806				2500		1912				2671		2659		2551				2863				2608		2472		2452		2556		2487		2463				2684		2660		2795		2594		3174				2809								2715				2973		2556		2867				2721		2549		2821				2448		2458		2029		2620				1801		2251

		R2		1335		1132		1052		963		1099		1132		1255		950		976		1038		1113		925		894		927		842		943		803				428		793		394		314				741				1271		914		969		903		890		820				1493		1153		922		1044		861				1171		1187		981		878		798				1032				800		787		786		820		658		693				749				845		769		805		604		906				769		860		592		496		343		354				817		702		703		569				737		608		580		614		711		672		610		513				643		535				642		634		658		608				741		665		637		545				753		780		537		605		634		526		593				546				559		515		556				558		566		518				546		617		537				571				538		675				588		582		604		499				514		458				610		513		395		331				436		437				533		418		377		426		396		390				419		450		545		610		438		410		408		419				401		383		393				457		410				337		342		300				403				449		394		353		601		368		392				298		285		328				339				331		350		330								356		297						319				381				1692		1573				649				1071		725

		Al / CNK		0.73		0.96		0.88		0.84		0.86		0.83		0.86		0.91		0.91		0.84		0.83		0.91		0.98		1.00		1.00		0.90		0.95				1.17		0.99		1.07		1.13				1.25				0.77		0.87		0.87		0.85		0.86		0.87				0.80		0.86		0.94		0.90		0.93				0.81		0.96		0.90		0.90		0.94				0.96				0.93		0.96		0.91		0.95		1.01		1.02				0.91				0.95		1.04		0.97		1.01		0.97				0.93		0.93		1.02		1.04		1.06		1.13				1.05		1.01		0.99		1.02				1.03		1.02		1.03		1.04		1.06		1.09		1.01		1.01				1.02		1.08				0.93		0.95		0.95		0.97				1.04		1.02		1.02		1.11				0.99		1.02		0.99		1.05		1.04		1.08		1.10				1.02				1.04		1.18		1.05				1.14		1.04		1.10				0.95		0.99		1.01				1.05				1.17		0.96				1.04		1.03		1.04		1.11				1.03		1.05				0.96		1.09		1.09		1.13				1.07		1.05				0.98		1.07		1.09		1.04		1.05		1.11				1.12		1.07		1.09		1.06		1.10		1.12		1.10		1.12				1.07		1.07		1.11				1.06		1.06				1.31		1.25		1.12				1.06				1.02		1.01		1.05		1.02		1.02		1.02				1.11		1.10		1.18		1.01		1.22				1.33		1.18		1.22				1.09				1.05		1.05		1.10				1.23		1.17		1.14				0.95		0.97				16.48				0.92		1.01

		Fe No. (wt %)		0.57		0.74		0.79		0.81		0.71		0.71		0.55		0.73		0.71		0.59		0.71		0.72		0.73		0.63		0.75		0.74		0.76				0.90		0.76		0.81		0.90				0.60				0.59		0.63		0.64		0.62		0.63		0.61				0.72		0.69		0.71		0.71		0.71				0.75		0.73		0.74		0.74		0.74				0.70				0.65		0.67		0.64		0.65		0.74		0.71				0.60				0.74		0.73		0.75		0.76		0.64				0.75		0.72		0.79		0.81		0.80		0.81				0.74		0.80		0.82		0.82				0.69		0.73		0.75		0.68		0.71		0.72		0.83		0.84				0.74		0.73				0.79		0.78		0.80		0.80				0.74		0.74		0.71		0.79				0.79		0.76		0.81		0.82		0.84		0.81		0.83				0.77				0.78		0.77		0.66				0.95		0.77		0.80				0.76		0.78		0.78				0.77				0.80		0.86				0.75		0.74		0.73		0.79				0.79		0.81				0.79		0.79		0.77		0.78				0.83		0.83				0.80		0.80		0.79		0.80		0.81		0.81				0.93		0.86		0.79		0.73		0.82		0.84		0.79		0.93				0.85		0.85		0.85				0.81		0.66				0.72		0.76		0.72				0.91				0.83		0.91		0.92		0.80		0.92		0.89				0.92		0.92		0.82				0.90				0.69		0.61		0.74								0.91		0.92						0.79				0.82				0.62		0.75		0.77		0.74				0.65		0.70

		Fe No. (atomic)		0.43		0.61		0.68		0.70		0.58		0.58		0.41		0.60		0.57		0.44		0.58		0.59		0.60		0.49		0.62		0.61		0.63				0.84		0.65		0.71		0.84				0.46				0.44		0.49		0.50		0.47		0.48		0.47				0.59		0.56		0.58		0.58		0.58				0.63		0.60		0.61		0.61		0.62				0.57				0.51		0.53		0.50		0.51		0.61		0.58				0.46				0.61		0.60		0.62		0.64		0.50				0.63		0.59		0.67		0.70		0.69		0.70				0.61		0.69		0.71		0.72				0.56		0.60		0.63		0.54		0.58		0.60		0.73		0.75				0.61		0.60				0.68		0.67		0.69		0.69				0.61		0.61		0.58		0.68				0.68		0.64		0.71		0.71		0.74		0.71		0.74				0.65				0.67		0.65		0.52				0.91		0.66		0.69				0.64		0.66		0.66				0.65				0.69		0.77				0.63		0.62		0.60		0.68				0.68		0.70				0.67		0.68		0.65		0.67				0.73		0.74				0.70		0.69		0.68		0.69		0.70		0.71				0.88		0.78		0.69		0.60		0.73		0.74		0.67		0.88				0.76		0.75		0.77				0.71		0.53				0.59		0.64		0.59				0.85				0.74		0.85		0.86		0.69		0.87		0.82				0.86		0.87		0.72				0.83				0.56		0.47		0.61								0.85		0.86						0.68				0.72				0.48		0.63		0.65		0.62				0.51		0.56

		K No. (wt %)		0.28		0.30		0.31		0.26		0.35		0.29		0.26		0.30		0.40		0.38		0.30		0.42		0.37		0.30		0.23		0.22		0.23				0.26		0.41		0.56		0.36				0.39				0.35		0.37		0.45		0.40		0.35		0.47				0.22		0.31		0.43		0.24		0.37				0.27		0.34		0.32		0.35		0.36				0.32				0.31		0.34		0.35		0.36		0.33		0.30				0.41				0.44		0.40		0.45		0.43		0.29				0.49		0.36		0.52		0.62		0.60		0.62				0.17		0.04		0.06		0.32				0.39		0.31		0.39		0.34		0.33		0.30		0.35		0.39				0.31		0.38				0.63		0.60		0.60		0.60				0.25		0.38		0.41		0.37				0.25		0.22		0.24		0.29		0.34		0.11		0.37				0.58				0.44		0.47		0.44				0.43		0.48		0.50				0.59		0.59		0.61				0.57				0.13		0.10				0.30		0.34		0.35		0.43				0.55		0.55				0.63		0.65		0.65		0.66				0.65		0.65				0.60		0.64		0.65		0.61		0.70		0.57				0.62		0.59		0.51		0.30		0.64		0.60		0.62		0.62				0.68		0.54		0.64				0.61		0.69				0.69		0.66		0.63				0.50				0.53		0.48		0.50		0.50		0.50		0.46				0.56		0.52		0.49		0.55		0.30				0.42		0.55		0.68				0.64				0.41		0.60		0.59				0.69		0.49		0.46						0.00		0.00		0.00				0.34		0.23

		K No (atomic)		0.20		0.22		0.23		0.19		0.26		0.21		0.19		0.22		0.31		0.28		0.22		0.32		0.28		0.22		0.16		0.16		0.16				0.19		0.31		0.45		0.27				0.30				0.26		0.28		0.35		0.30		0.26		0.37				0.16		0.22		0.34		0.17		0.27				0.19		0.25		0.24		0.26		0.27				0.24				0.23		0.25		0.27		0.27		0.25		0.22				0.32				0.34		0.30		0.35		0.33		0.21				0.38		0.27		0.42		0.52		0.50		0.52				0.12		0.03		0.04		0.24				0.30		0.23		0.29		0.25		0.24		0.22		0.26		0.30				0.23		0.29				0.53		0.50		0.49		0.50				0.18		0.29		0.32		0.28				0.18		0.16		0.17		0.21		0.25		0.07		0.28				0.47				0.34		0.37		0.34				0.33		0.38		0.40				0.48		0.48		0.51				0.46				0.09		0.07				0.22		0.25		0.26		0.33				0.45		0.45				0.52		0.55		0.55		0.56				0.55		0.55				0.50		0.54		0.55		0.51		0.61		0.47				0.51		0.49		0.41		0.22		0.54		0.49		0.51		0.51				0.58		0.43		0.54				0.51		0.59				0.60		0.56		0.52				0.40				0.42		0.38		0.40		0.40		0.40		0.36				0.46		0.42		0.38		0.45		0.22				0.32		0.44		0.58				0.53				0.32		0.50		0.49				0.60		0.39		0.36						0.00		0.00		0.00				0.25		0.17

		Minor elements

		Cl (ppm)																																																																																																																																																						0.01																																																																														0.01

		F (ppm)																																																																																																																																																						0.06																																																																														0.21

		HFS elements (as noted)

		Ba (XRF)				960				397		893		782				650		710						700						598																								831				802		762		1085				330		620		1000		550		840				391				760				686				960				880		822				1100		1130		1010				907				779		1010		759		1150		659				1438		1000		987		1400		1200		660				681				380		1000								1330		1110						1300		740				1030		861				1510		1000		1100		1400				723		1010				1640				533						540		690		405						1420				1260										1180								1782		1557				1670						407				547		794		659		829				1400		1200						787		603						990		1100				1200		833		700		810		1100		860								1600		710		917				481														960		400						296		786								1166		1438						1315						1000						188						53		466		88										728		112				355				716

		Ba (ICP-MS)

		Ba (INAA)

		Ba (other)

		Rb  (XRF)		25		43				31		25		20		27		51		48		43				66						24												59										32		46				60		63		80				23		20		61		14		36				7				32				24				63				43		54		48		56		53		49				48				49		51		49		69		40				73		90		133		120		128		160				18		8		11		33								72		53						52		84				67		102				162		198		172		158				34		63				54				9						20		28		< 10						134				65										86								134		168				119						6				45		50		81		89				106		148				166		319		305		245				205		200				194		202		240		162		192		220								97		66		202				213						145		187		140				196		300						434		172				37				96		73		64				84						71						82						242		190		288				100				46		175		170				245		22		69

		Rb  (ICP-MS)

		Rb (INAA)

		Rb (other)

		Sr  (XRF)		722		750				316		382		366		605		610		544		673				510						725												215										577		598				924		873		761				345		245		530		270		240				263				275				207				620				919		823		620		862		767		858				738				231		216		209		390		522				393		385		205		240		210		114				302		267		349		215								620		898						610		485				678		480				392		265		286		390				598		528				580				202						142		164		235						333				416										365								524		415				382						201				543		606		486		261				300		200				302		260		132		100				180		190				320		196		148		215		230		160								370		540		139				113						107		73		70				172		176						72		115				169				124		93		104				84						102						23						38		150		43				1				98		35		14				67		24		175

		Sr  (ICP-MS)

		Sr (INAA)

		Sr (other)

		Y  (XRF)		5		30				21		20		21		6		20		10						16																		5										6		12				13		13		6				30		27		21		23		23				20				27				13				31				9		10				10		6		9				16				19		27		16		12		9				27		37		37		29		23		20				17		25		22		22								11		9						16		14				8		12				119		142		53		62						13				6				11						34		32		22						19				19										23								33		31				25						48						7		10						26		26				35		33		30		18				50		45				52		37		51		32		22		31								23		17		9				15						11		23		18				37		29						57		26				11				36		51		39				49						46						81						14		20		14				31				4		41		65				48		55		17

		Y  (ICP-MS)

		Y (INAA)

		Y (other)

		Zr  (XRF)		78		118				74		88		78		66		128		77		83				162						31												79										130		160				133		163		119				59		84		124		76		97				61				102				90				158				139		131		91		115		109		112				236				116		105		109		105		96				275		225		189		200		94		148				95		119		130		126								166		124						260		160				140		121				381		305		331		375				115		91				100				90						120		110		104						217				124										138								279		263				259						132				135		117		117		142				235		162				215		219		165		108				220		245				310		186		172		178		166		148								295		162		139				80						121		66		66				230		66						85		39				119				173		262		219				262						174						146						36		38		28				110				165		190		146				116		39		106

		Zr  (ICP-MS)

		Zr (INAA)

		Zr (other)

		Nb  (XRF)		6		< 10				< 5		< 5		< 10				< 10		12		2				< 10						12												11										3		22				16		9		15				< 10		< 10		< 10		< 10		< 10				14				< 10				13				14				6		< 5				8		7		< 5				8				14		< 10		16		8		< 5				23		21		28		18		16		13				5		2		< 5		< 10								8		8						14		14				< 10		6				37		48		24		29				17		< 10				< 10				11						< 10		10		< 10						14				< 10										11								29		25				12						< 10				12		< 5		9		15				16		17				19		24		19		5				18		18				27		19		24		17		< 10		21								16		11		24				12						7		12		3				22		16						21		18								19		24		15				23						23						11						19		6		13				15						17		26				31		32		14

		Nb  (ICP-MS)

		Nb (INAA)

		Nb (other)

		Ta  (ICP-MS)

		Ta (INAA)																								0.39						4.4																												4.0																																																																																																						0.65		0.98																																																																																																																																																																																4.8

		Ta (other)

		Hf  (ICP-MS)

		Hf (INAA)																								2.35						0.6																												2.4																																																																																																						3.77		3.77																																																																																																																																																																																5.0

		Sc (XRF)

		Sc  (ICP-MS)

		Sc (INAA)																								10.7																																																																																																																																								2.5		3.1

		Sc (other)

		Cs  (XRF)

		Cs  (ICP-MS)

		Cs (INAA)																								2.08																																																																																																																																								1.61		1.65

		Cs (other)

		Light metals (as noted)

		B (ICP-MS)

		Be (ICP-MS)

		Be (other)

		Li (ICP-MS)

		Li (other)

		Ga (XRF)		34												35																												14										40																																														18																																										22																																																																																																																										20						23																																										33		13																				30								16																																		55										400

		Ga (ICP-MS)

		Ga (other)

		U, Th, LREE (as noted)

		U (XRF)

		U (ICP-MS)														0.80																0.50												1.80										4.00						4.10														0.80

		U (INAA)																								3.92

		U (DN or other)				1.74				1.27		1.39		1.30				1.67																																												1.98						0.88		1.00		2.70				1.15								1.19								1.97				2.78		1.33		2.50		2.41		0.94		0.78				1.97						2.38				1.70		1.25						4.93		3.34		2.24		5.83		3.65				0.94		3.10		2.49		1.64								2.05		1.66						1.48		2.49				1.94		1.68				3.53		3.79		3.65		3.46				1.10		1.20				0.81										1.20		1.10		1.17						1.71				1.61										2.26								4.00						3.38						1.68						1.48		2.78						3.28		2.22				2.30		3.80		5.38		8.80				2.31		2.85				3.98		2.67		4.37		5.16		3.18		1.44								1.83		2.86		3.90				5.08						2.50		3.40						4.89		2.63						6.37		2.41										2.20												3.14						2.62						2.00		2.92		3.60				3.00				2.90		4.75		5.73				2.36		2.20		2.50

		Th (XRF)

		Th (ICP-MS)														2.40																2.00												4.50										10.60						4.60														2.10

		Th (INAA)																								5.06

		Th (DN or other)				3.40				2.70		2.30		1.60				5.08																																												12.60						1.70		< 1.9		2.10				3.00								1.9								6.65				4.10		7.88		9.70		8.07		4.75		3.90				3.8						6.16				4.00		4.98						6.7		14.80		12.60		19.3		10.10				< 1.9		5.60		3.60		1.6								6.49		4.00						5.15		7.75				5.22		4.40				15.00		17.70		16.10		19.60				4.50		2.20				2.50										4.00		2.9		1.80						11.80				6.25										7.15								18.10						11.90						3.8						5.51		4.40						11.70		12.6				13.60		22.30		37.20		28.90				23.50		19.4				19.80		17.60		18.90		16.6		10.90		12.60								20.90		6.04		15.70				15.00						15.30		9.30						16.00		14.40						17.10		11.50										6.90												12.60						8.63						3.30		2.60		0.90				14.00				5.40		14.70		19.80				19.60		6.40		14.10

		La (XRF)				32				< 10		14		13				< 30		27						< 30						23																								51				39		39		49				< 30		< 30		< 30		< 30		< 30				21				< 30				25				< 30				31		45				38		16		15				31				42		17		28		< 10		17				81		45		42		47		< 30		< 30				< 10				28		< 30								20		< 10						34		46				28		14				115		68		59		94				33		17				22				25						< 30		< 30		< 30						67				30										25								92		96				71						23				29		< 10		< 10		29				57		37						74		32						89		84				150		56		47		36		38		36								75		< 30		62				29														53		< 30						37		10								54		80						93						44						19						17		< 10		< 10										52		58				< 30				34

		Ce (XRF)				73				28		43		34				30		38						< 30						30																								100				91		73		91				< 30		< 30		< 30		< 30		31				36				30				45				49				68		74				69		48		42				76				68		47		56		39		46				139		114		108		96		80		48				39				50		41								53		31						60		76				49		36				275		174		134		205				63		50				42				43						44		47		34						147				81										55								162		196				122						47				56		30		34		59				116		94						158		124						166		146				245		105		108		88		87		94								172		64		107				54														110		33						71		21								96		144						169						87						52						30		15		16										99		142				76				61

		Nd (XRF)

		Base metals (as noted)

		Cu (XRF)				12				< 5		67		44		46		36				18				34																		5										14								< 5						71		83		< 10		38		< 10								20								< 10				< 5		< 5				< 5		< 5		< 5				6						3				< 5		< 5						51		13		11		< 10		< 10				19				< 5		< 10								13		< 5						< 20		< 20				29		< 5				< 5		17		11		< 10						< 2				12										< 10		18		13						13				6										8														17						< 2						< 5		6						10		< 10						17		6		33				10		< 10				10		9		< 10		< 10		< 10		< 10								< 10		12						< 5														< 10		< 10						5		< 2												29										< 10						< 5						9		< 5		6				31				23		< 5		4				12		45		< 5

		Cu (ICP-MS)

		Cu (INAA)

		Cu (other)																																																																																																																																																																																																																																																																																																																																																																																																						200

		Pb (XRF)		28												28																												30										29																																														28																																										15																																																																																																																										31						50																																												37		48																		21								26																														14				40										26

		Pb (ICP-MS)

		Pb (INAA)

		Pb (other)

		Zn (XRF)		101		91				34		75		74		72		69				48				54																		20										47								71						93		66		68		53		50								54								65				47		51		62		47		47		44				49						78				39		57						73		83		43		26		31				78		30		23		21								68		39						42		38				68		64				92		102		104		93						60				30										33		31		73						59				47										45														59						28						55		55						44		33				63		74		55		68				43		35				75		50		38		32		34		46								205		61						41						46		52		57				37		15						41		16				39								120										15						43						25		29		24				33				43		46		25				19		72		202

		Zn (ICP-MS)

		Zn (INAA)

		Zn (other)																																																																																																																																																																																																																																																																																																																																																																																																						7200

		Ni (XRF)		61		< 10				< 5		12		10		60		11				53				< 20																		3										55								47						26		13		< 10		10		< 10								14								< 10				23		14		19		13		7		< 5				33						< 5				10		13						20		7		< 10		< 10		< 10				5		2		7		< 10								6		7						< 20		< 20				6		< 5				< 5		10		7		< 10						< 5				< 5										< 10		< 10		< 10						< 5				< 5										< 5														6						< 5						7		10						< 10		< 10				11		6		< 5		5				< 10		< 10				< 10		8		< 10		< 10		< 10		< 10								< 10		< 10						< 5						< 2		3		5				< 10		< 10						< 5		< 5				4								5										< 10						7						< 5		< 5		5				5				6		< 5		< 5				< 10		5		6

		Ni (ICP-MS)

		Ni (INAA)

		Ni (other)

		Cr (XRF)		269		< 20				< 20		< 20		34		93		< 20				112				< 20																		< 5										276								59						65		< 20		< 20		< 20		< 20								< 20								< 20				< 20		< 20		23		< 20		< 20		< 20				34						< 20				< 20		< 20						36		< 20		< 20		< 20		< 20				< 20		< 5		< 20		< 20								< 20		< 20						< 20		< 20				< 20		< 20				< 20		< 20		< 20		< 20						< 20				< 20										< 20		< 20		< 20						< 20				< 20										< 20														< 20						< 20						< 20		< 20						< 20		< 20				< 5		< 20		< 20		< 5				< 20		< 20				< 20		< 20		< 20		< 20		< 20		< 20								< 20		< 20						< 20						< 5		< 5		< 5				< 20		< 20						< 20		< 20				< 5								< 5										< 20						< 20						< 20		< 20		< 20				< 5				< 5		< 20		< 20				< 20		< 5		< 20

		Cr (ICP-MS)

		Cr (INAA)

		Cr (other)

		Co (XRF)		21												21						16				11.1																		2										22																																														8																																										5																				4.3		2.9																																																																																																				7						3																																										3		3		2																		3								5																														3				2										< 2

		Co (ICP-MS)

		Co (INAA)

		Co (other)

		V (XRF)

		V (ICP-MS)

		V (INAA)

		V (other)

		Mo (XRF)		3												3						3																						3										4																																														3																																										3																																																																																																																										3						4																																										3		3		3																		3								4																														2				3										4

		Mo (ICP-MS)

		Mo (INAA)

		Mo (other)

		Sn (XRF)		< 5												< 5						< 5																						< 5										5																																														< 5																																										< 5																																																																																																																										6						< 5																																										< 5		< 5		< 5																		< 5								< 5																														6				< 5										5

		Sn (ICP-MS)

		Sn (other)

		W (XRF)		< 5												< 5						< 5																						< 5										< 5																																														< 5																																										< 5																																																																																																																										5						< 5																																										< 5		< 5		< 5																		< 5								5																														9				< 5										7





X gb plut

		Decimal lat		34.4217						34.5786		34.5217		34.5386		34.5275		34.5286		34.5494				34.4472				34.4617		34.4667				34.4265				34.5481						34.3672		34.3999		34.4251		34.43268		34.3543								34.5507		34.535		34.49349		34.4904				34.5287				34.6534				34.45731		34.47761		34.46659				34.4562				34.3421				34.2300				34.1150				34.26169				34.5077								34.6866								34.7398				34.757																						34.2319				34.3589		34.3583

		Decimal long		-112.6993						-112.5645		-112.6161		-112.5892		-112.6244		-112.625		-112.6214				-112.4928				-112.4014		-112.4002				-112.4263				-112.4097						-112.3894		-112.3770		-112.3736		-112.37068		-112.4285								-112.3622		-112.3563		-112.35010		-112.3515				-112.3242				-112.238				-112.22916		-112.24218		-112.25242				-112.2686				-112.2419				-112.3488				-112.3628				-112.14868				-112.153								-112.1696								-112.1315				-112.1261																						-111.922				-111.9031		-111.9055

		30x60 quad		Bradshaw Mts						Prescott		Prescott		Prescott		Prescott		Prescott		Prescott				Bradshaw Mts				Bradshaw Mts		Bradshaw Mts				Bradshaw Mts				Prescott						Bradshaw Mts		Bradshaw Mts		Bradshaw Mts				Bradshaw Mts								Prescott		Prescott				Bradshaw Mts				Prescott				Prescott												Bradshaw Mts				Bradshaw Mts				Bradshaw Mts				Bradshaw Mts								Prescott								Prescott								Prescott				Prescott																						Bradshaw Mts				Payson		Payson

		7 1/2 quad		Kirkland						Iron Spgs		Iron Spgs		Iron Spgs		Skull Vly		Iron Spgs		Iron Spgs				Groom Ck				Groom Ck		Groom Ck				Groom Ck				Prescott						Battleship Butte		Groom Ck		Poland Jct				Battleship Butte								Prescott Vly S		Prescott Vly S				Poland Jct				Prescott Vly S				Hickey Mtn												Poland Jct				Cleator				Crown King				Columbia								Humboldt								Hickey Mtn								Hickey Mtn				Munds Draw																						Brooklyn Pk				Dugas		Dugas

		Twp		13N						14N		13N		13N		14N		13N		14N				12.5N				13N		13N				12.5N				13N						12N		12N		12.5N				12N								14N		13N				13N				13N				15N												12N				11.5N				10N				9N								13N								15N								16N				16N																						10N				11N		11N

		Rng		4W						3W		3W		3W		4W		4W		3W				2W				1W		1W				2W				2W						1W		1W		1W				2W								1W		1W				1W				1W				1E												1E				1E				1W				1W								2E								2E								2E				2E																						4E				4E		4E

		Sec		(uns)						22		7		5		25		25		31				29				31		31				36				1						20		8		33				25								33		3				22				12				27												5				(uns)				(uns)				16								17								(uns)								27				22																						20				2		2

		Elev		3960						6070		5350		7320		5140		5320		5480				5600				7600		7240				6720				6180						6120		6450		6480				5820								5430		5760				6120				5470				5480												4920				4660				7400				4320								4600								6200								5780				5280																						4180				4890		4840

		Mag susc		80						200		400		50		50		50		20				3800				4000		30				2500				600						1200		180		60				800								6000		4000				50				140				40												8000				30				2000				1200								400								40								40				50																										250		1400

		Scint		15						15		15				20								20						10								5						15		20		15				15								10		5				20				30																15				5				25												15								10												10

		Age

		Source		DeWitt unpub		Nealey unpub				DeWitt unpub		DeWitt unpub		DeWitt unpub		DeWitt unpub		DeWitt unpub		DeWitt unpub				DeWitt unpub				DeWitt unpub		DeWitt unpub				DeWitt unpub				DeWitt unpub						DeWitt unpub		DeWitt unpub		DeWitt unpub		Anderson+ 1972b		DeWitt unpub		Nealey unpub		Nealey unpub				DeWitt unpub		DeWitt unpub		Anderson+ 1972b		DeWitt unpub				DeWitt unpub				DeWitt unpub				Anderson+ 1972b		Anderson+ 1972b		Anderson+ 1972b				DeWitt unpub				DeWitt unpub				DeWitt unpub				DeWitt unpub				Anderson 1972				DeWitt unpub		Jagger+ 1905 in Anderson+ 1958 and Anderson+ 1972b		Nealey unpub				DeWitt unpub		Vance 1989		Nealey unpub				DeWitt unpub				DeWitt unpub		Nealey unpub		Vance 1989				Anderson+ 1958		Anderson+ 1958		Anderson+ 1958		Anderson+ 1958		Krieger 1965		Anderson+ 1958				DeWitt unpub				DeWitt unpub		DeWitt unpub				DeWitt unpub

		Location		Kirkland		Kirkland				Iron Spgs RR grade		Boston-AZ mine		Spruce Mtn summit		Goat Camp		Boston-AZ mine		Logan Spg				W Maverick Mtn				Spruce Mtn lookout		Spruce Mtn lookout				Potato Patch				Ranch at Prescott						E Palace Station		W Big Bug Mesa		W Big Bug Mesa		NW Big Bug Mesa		Bodie mine		Dandrea Ranch		Dandrea Ranch				Salida Gulch		Salida Gulch		Bannie mine		W Bannie mine				W Iron King				Fain Road				W Bell Ranch		N Huron mine		E Huron mine				Hackberry? Jct 69?				Bluebell				Towers Mtn				W Lane Mtn				Badger Spg gb				Yarber Wash		W Yarber Wash		Yarber Wash				Yaeger Cyn		Grapevine Gulch (Yaeger Cyn)		Grapevine Gulch				Hull Cyn				Haynes dump		UV sfc?		UV sfc?				UV 500 level		UV 2100 level		UV 3000 level		UV 1500 level		UV sfc avg (5)		UV sfc				SW Goat Pk				Tule Mesa - Willow Spg		Tule Mesa - Willow Spg				SW Camp Verde

		Map unit

		Field #		11-24-89-3		23-13-13A				6-25-89-1		7-2-89-1		6-25-89-3		9-26-96-1		7-2-89-2		5-11-97-1				6-28-89-1				6-27-89-12		6-27-89-11				6-27-89-9B				9-29-96-2						7-4-89-4		5-20-97-2		7-5-89-5		B1336-8 (4)		7-4-89-1		88AZ-8		88AZ-7				6-27-89-1		6-27-89-2		B1336-8 (5)		6-27-89-6				6-27-89-3A				4-20-97-5				B1336-8 (2)		B1336-8 (3)		B1336-8 (6)				7-5-89-3				5-13-90-1				6-30-89-4				7-1-89-6				B1345-5 (1)				11-4-89-2		PP308-12 (1) and B1336-8 (1)		88AZ-10				11-5-89-1		18gb6		88AZ-2				11-5-89-2				4-20-97-2		88AZ-1		19gbl2				PP467-8 (3)		PP467-8 (5)		PP467-8 (6)		PP467-8 (4)		PP467-8 (1)		PP467-8 (2)				3-27-97-1				4-19-97-2		4-19-97-3				11-12-01-1

		Lab #		D-349655		M-197334				D-335276		D-335278		D-335277		F-017674		D-363763		F-017693				D-335283				D-335282		D-335281				D-335280				F-017676						D-335288		F-017701		D-335289				D-335287		M-184730		M-184731				D-363723		D-335270				D-335279				D-335271				F-017688												D-335290				D-363761				D-335284				D-335285								D-350918				M-184728				D-350919				M-184736				D-350920				F-017687		M-184737						PD		PD		PD		PD				PD				F-017679				F-017685		F-017686				C-213038

		Alteration																																																																																																				alt																																alt		alt		alt		alt		alt		alt

		Mineralization

		Rock type		gb		Nealy gb				gb		gb		gb		gb		gb		lgb				gb				gb		gb				gb				gb						gb		gb		gb		gb		gb		gb		gb				gb		gb		gb		gb				gb				gb				gb		gb		gb				gb				gb				gb				gb				gb				gb		gb		gb				gb		gb		gb				gb				gb		gb		gb				gb		gb		gb		gb		gb		gb				gb				gb		gb

		Suite		Kirkland		Kirkland				W Spruce Mtn		W Spruce Mtn		W Spruce Mtn		W Spruce Mtn		W Spruce Mtn		W Spruce Mtn lgb				W Maverick Mtn				Spruce Mtn		Spruce Mtn				Potato Patch				Badger Mtn						Dandrea Ranch		Dandrea Ranch		Dandrea Ranch		Dandrea Ranch		Dandrea Ranch		Dandrea Ranch?		Dandrea Ranch?				Salida Gulch		Salida Gulch		Salida Gulch		Salida Gulch				Green Gulch				Fain				Humboldt		Humboldt		Humboldt				Hackberry				Bluebell				Towers Mtn				W Lane Mtn				Badger Spgs				Yarber Spg		Yarber Spg		Yarber Wash				Grapevine Gulch		Grapevine Gulch		Grapevine Gulch				United Verde?				United Verde		United Verde		United Verde				United Verde		United Verde		United Verde		United Verde		United Verde		United Verde				Hutch Mesa				Tule Mesa		Tule Mesa				SW Camp Verde

		Major oxides (XRF)

		SiO2		49.0		47.10				52.70		58.40		51.30		56.50		48.30		49.00				47.70				53.70		46.10				47.80				44.70						51.40		51.20		52.10		51.50		50.50		51.90		50.80				45.9		43.80		52.10		53.90				58.50				44.20				48.00		48.40		53.80				58.60				46.7				58.00				47.20				53.70				49.60		45.73		47.50				46.1		47.14		43.90				48.70				48.40		47.00		49.72				51.16		49.50		50.84		48.90		48.57		45.22				50.90				61.80		60.20				49.7

		TiO2		0.92		0.88				1.91		0.98		0.69		0.65		0.54		0.39				0.87				1.29		0.63				0.81				0.13						1.88		1.06		0.75		0.67		0.58		0.96		1.90				1.75		1.68		0.85		0.79				0.72				0.33				1.80		0.73		0.65				0.65				1.08				0.82				1.14				0.74				0.66		0.23		0.70				0.40		0.47		0.40				0.84				0.57		0.52		0.48				0.90		0.80		0.79		0.66		0.64		0.44				0.92				0.64		0.62				0.72

		Al2O3		13.8		16.80				14.80		16.10		16.30		16.10		14.20		22.50				10.40				13.50		18.00				15.90				21.20						13.90		16.10		14.80		15.20		17.60		15.80		13.70				15.5		14.50		15.20		16.10				15.10				13.70				15.00		14.70		15.50				16.20				14.6				17.40				15.60				19.10				16.50		19.45		18.60				19.0		13.70		15.70				19.20				16.30		14.80		15.31				19.55		19.08		19.17		22.76		20.32		21.94				15.30				13.80		15.00				15.7

		Fe2O3				1.64																																												2.40				2.28		4.11								2.10														3.60		3.50		3.70																				2.50						5.28																										1.98		1.96		1.90		1.56				1.63

		FetO3		13.4						13.30		10.90		9.78		8.25		10.90		5.25				11.40				14.40		10.40				13.50				8.13						16.80		11.40		9.94				8.47								17.8		19.40				10.90				7.47				10.60												9.52				12.9				7.95				13.90								12.40				12.10				9.71		12.40		13.10				10.00				11.20		12.90		11.54																		12.50				11.50		7.23				11.7

		FeOt

		FeO				8.60																																												6.90				7.58		10.70								8.70														8.30		6.30		4.80																				5.60						3.18																										7.90		7.84		7.60		6.36		8.87		6.51

		MnO		0.23		0.17				0.16		0.20		0.17		0.13		0.17		0.10				0.19				0.22		0.20				0.19				0.12						0.43		0.18		0.18		0.22		0.14		0.17		0.40				0.23		0.29		0.17		0.15				0.11				0.18				0.19		0.17		0.19				0.18				0.20				0.13				0.21				0.14				0.22				0.19				0.14		0.19		0.20				0.16				0.18		0.20		0.19				0.16		0.14		0.15		0.13		0.12		0.14				0.21				0.26		0.13				0.19

		MgO		7.56		8.46				5.24		1.78		6.89		4.30		9.37		4.12				15.70				4.31		9.57				7.92				11.30						2.73		5.16		6.35		6.40		7.61		5.00		2.50				5.71		5.55		5.40		4.15				4.68				14.80				6.90		8.70		4.70				3.09				6.47				2.57				7.64				3.20				5.49		6.24		6.50				8.14		11.23		11.80				4.44				7.22		9.00		8.55				4.00		4.27		4.15		3.11		4.87		7.46				5.05				1.03		2.57				6.25

		CaO		12.5		12.50				8.49		5.99		9.94		7.42		12.50		11.30				8.09				8.00		10.10				10.10				12.10						7.26		9.27		10.80		10.50		9.23		9.56		7.78				10.3		11.30		8.40		7.90				6.88				10.70				11.00		12.50		7.10				8.46				12.1				6.33				10.10				8.20				9.89		13.86		11.00				10.2		9.84		8.44				11.50				9.44		9.26		9.32				7.55		6.41		7.23		10.33		9.15		9.51				9.19				5.05		5.82				10.3

		Na2O		1.99		1.77				2.36		4.10		2.78		3.14		1.28		2.56				2.07				2.27		1.69				2.59				1.45						2.92		3.01		2.54		2.40		2.87		3.60		2.70				2.43		1.73		2.90		3.03				3.50				0.88				2.30		1.70		3.10				2.37				2.41				3.32				2.11				2.40				2.22		0.64		2.10				2.01		1.08		1.80				2.43				2.02		1.80		2.13				3.03		4.12		2.87		3.03		2.66		2.30				2.46				3.57		3.12				2.01

		K2O		0.27		0.15				0.47		0.97		0.50		1.35		0.48		1.66				1.66				1.18		0.58				0.67				0.07						1.23		0.93		0.95		0.99		0.77		0.74		1.14				0.22		0.15		0.94		1.62				1.49				0.36				0.05		0.05		0.49				0.34				0.14				2.02				0.50				0.67				0.76		0.32		0.08				0.44		0.30		0.50				0.17				0.84		0.82		0.77				0.23		0.28		0.30		0.35		0.34		0.57				0.82				0.67		1.53				0.94

		P2O5		0.11		0.07				0.14		0.35		0.19		0.24		0.06		0.15				0.33				0.24		0.12				0.14				0.08						0.86		0.37		0.23		0.22		0.13		0.36		1.22				0.09		0.39		0.14		0.13				0.21				0.12				0.13		0.06		0.21				0.13				0.08				0.38				0.15				0.11				0.25		1.57		0.20				0.08		0.09		0.10				0.17				0.23		0.20		0.13																		0.18				0.34		0.21				0.18

		H2O+				1.59																																												1.90				1.05		1.56								2.90														1.90		2.60		3.60																				2.70						3.56		0.87								4.50								3.50		3.25						3.49		3.61		3.58		3.07		4.02		4.37

		H2O-				0.05																																												0.03				0.04		0.02								0.03														0.00		0.15		0.00																				0.06						1.57		0.04								0.16										0.13						0.18		0.19		0.22		0.12				0.18

		CO2				0.03																																												0.54				0.08		0.12								0.08														< 0.05		0.08		1.20																				0.10						0.28		0.19								0.14								0.15		0.12						0.28		1.87		1.32		0.26				0.27

		S																																																																																																																												0.02								< 0.05		< 0.05		0.02		0.18				< 0.05

		F		0.00

		Cl		0.00

		LOI		0.34						0.76		0.55		1.31		1.07		2.37		2.41				1.18				1.30		3.06				0.84				0.36						0.75		0.64		1.34				1.79								0.65		1.46				1.25				1.42				2.95												0.78				3.66				0.97				1.43								2.01								4.20		3.77						2.77				2.85				2.73																		1.31				0.91		1.60				1.99

		Less O		0.00

		TOTAL		100.12		99.81				100.33		100.32		99.85		99.15		100.17		99.44				99.59				100.41		100.45				100.46				99.64						100.16		99.32		99.98		99.87		99.69		99.12		98.65				100.58		100.25		99.91		99.92				100.08				98.82				99.17		99.64		99.04				100.32				100.34				99.89				99.98				99.22				100.00		101.91		100.07				100.42		100.21		100.74				100.38				100.07		100.00		100.87				100.41		100.07		100.14		100.82		99.56		100.54				98.84				99.57		98.03				99.68

		Calculations

		R1		2134		2169				2180		1908		2049		2108		2362		1824				1746				2100		2057				1748				2238						1630		1811		2077		2076		1936		1712		1709				1652		1739		1903		1841				2099				2272				2001		2325		2124				2726				1870				1991				1900				2329				2009		2516		2077				1999		2362		1829				2068				2014		1962		2073				1984		1480		2017		1865		1947		1828				1988				2386		2346				2064

		R2		1983		2086				1459		1045		1725		1323		2081		1855				1848				1334		1908				1785				2271						1185		1564		1761		1739		1710		1581		1225				1689		1769		1465		1367				1264				2148				1813		2057		1297				1376				1902				1146				1766				1411				1654		2174		1864				1868		1878		1796				1827				1688		1727		1722				1390		1272		1355		1706		1619		1818				1534				862		1044				1720

		Al / CNK		0.53		0.65				0.75		0.86		0.70		0.80		0.56		0.85				0.52				0.69		0.83				0.68				0.87						0.72		0.71		0.60		0.63		0.79		0.66		0.69				0.68		0.62		0.72		0.76				0.76				0.64				0.63		0.57		0.84				0.82				0.56				0.91				0.70				0.98				0.73		0.73		0.79				0.85		0.69		0.83				0.77				0.76		0.72		0.72				1.03		1.02		1.05		0.94		0.95		1.01				0.71				0.87		0.86				0.68

		Fe No. (wt %)		0.61		0.54				0.70		0.85		0.56		0.63		0.51		0.53				0.40				0.75		0.49				0.61				0.39						0.85		0.67		0.58		0.59		0.50		0.66		0.85				0.74		0.76		0.66		0.70				0.59				0.39				0.63		0.52		0.63				0.73				0.64				0.74				0.62				0.71				0.67		0.56		0.63				0.52		0.50		0.50				0.67				0.58		0.56		0.55				0.71		0.69		0.69		0.71		0.65		0.52				0.69				0.91		0.72				0.63

		Fe No. (atomic)		0.47		0.40				0.56		0.76		0.42		0.49		0.37		0.39				0.27				0.63		0.35				0.46				0.27						0.76		0.53		0.44		0.44		0.36		0.52		0.76				0.61		0.64		0.52		0.57				0.45				0.27				0.48		0.38		0.49				0.61				0.50				0.61				0.48				0.58				0.53		0.42		0.48				0.38		0.36		0.36				0.53				0.44		0.42		0.41				0.58		0.56		0.56		0.58		0.51		0.38				0.56				0.85		0.59				0.49

		K No. (wt %)		0.12		0.08				0.17		0.19		0.15		0.30		0.27		0.39				0.44				0.34		0.26				0.21				0.05						0.30		0.24		0.27		0.29		0.21		0.17		0.30				0.08		0.08		0.24		0.35				0.30				0.29				0.02		0.03		0.14				0.13				0.05				0.38				0.19				0.22				0.25		0.33		0.04				0.18		0.22		0.22				0.07				0.29		0.31		0.27				0.07		0.06		0.09		0.10		0.11		0.20				0.25				0.16		0.33				0.32

		K No (atomic)		0.08		0.05				0.12		0.13		0.11		0.22		0.20		0.30				0.35				0.25		0.18				0.15				0.03						0.22		0.17		0.20		0.21		0.15		0.12		0.22				0.06		0.05		0.18		0.26				0.22				0.21				0.01		0.02		0.09				0.09				0.04				0.29				0.13				0.16				0.18		0.25		0.02				0.13		0.15		0.15				0.04				0.21		0.23		0.19				0.05		0.04		0.06		0.07		0.08		0.14				0.18				0.11		0.24				0.24

		Minor elements

		Cl (ppm)

		F (ppm)

		HFS elements (as noted)

		Ba (XRF)		62		89				230		608		263				250						533				458		203				243										527				396				942		380		460				190		98				792				441																174				31				867				118								310				46				140		132		156				92						280		210																												278

		Ba (ICP-MS)

		Ba (INAA)

		Ba (other)

		Rb  (XRF)		< 10		< 10				16		14		15		31		19		50				46				26		16				22				17						33		16		21				29		< 10		16				10		8				49				49				6												16				9				59				17								23				< 10				< 10		8		< 10				< 10				23		14		21																		14				13		37				24

		Rb  (ICP-MS)

		Rb (INAA)

		Rb (other)

		Sr  (XRF)		120		160				248		365		385		318		327		437				538				256		254				242				310						442		353		352				1450		410		400				315		419				610				373				207												456				147				560				291								550				485				360		266		215				375				319		285		295																		259				217		326				396

		Sr  (ICP-MS)

		Sr (INAA)

		Sr (other)

		Y  (XRF)		29		20				27		26		16		17		18		3				20				32		12				19				2						33		24		27				7		26		36				22		13				7				13				6												23				29				25				23								22				< 10				19		12		< 10				20				13		18		20																		20				33		15				16

		Y  (ICP-MS)

		Y (INAA)

		Y (other)

		Zr  (XRF)		72		41				113		100		45		102		35		45				80				111		44				44				36						88		95		88				61		94		76				37		27				119				113				50												113				60				104				71								50				20				45		28		34				50				89		64		54																		69				77		94				46

		Zr  (ICP-MS)

		Zr (INAA)

		Zr (other)

		Nb  (XRF)		< 10		< 10				< 5		7		6		9		< 10		5				6				6		< 5				< 5										9		3		< 5				< 5		14		16				< 10		< 5				< 5				9																7				< 10				7				< 5								< 10				< 10				< 10		5		< 10				< 10				1		10		5																		3						9				3

		Nb  (ICP-MS)

		Nb (INAA)

		Nb (other)

		Ta  (ICP-MS)

		Ta (INAA)				0.07																																																0.30		0.52																																																						0.02						0.1		0.05										0.11		0.1

		Ta (other)

		Hf  (ICP-MS)

		Hf (INAA)				1.04																																																2.18		2.08																																																						0.11						0.8		0.67										1.27		1.7

		Sc (XRF)

		Sc  (ICP-MS)

		Sc (INAA)				48.5																																																31.7		58.6																																																						36.1						28		27.1										38.6		37

		Sc (other)

		Cs  (XRF)

		Cs  (ICP-MS)

		Cs (INAA)				0.18																																																0.78		0.69																																																						0.21						0.4		0.54										0.50		0.3																												<5

		Cs (other)

		Light metals (as noted)

		B (ICP-MS)

		Be (ICP-MS)

		Be (other)

		Li (ICP-MS)

		Li (other)

		Ga (XRF)														32				31																										17																																																																																29																						43				24		16				17

		Ga (ICP-MS)

		Ga (other)

		U, Th, LREE (as noted)

		U (XRF)

		U (ICP-MS)

		U (INAA)				0.1																																																0.9		0.8																																																						0.02						0.17		0.22										0.63		0.95

		U (DN or other)		0.30						0.269		0.610		0.21		0.9		0.22		0.2				0.536				1.00		< 0.11				< 0.091				< 0.1						0.807		0.7		1.21				0.16								< 0.1		< 0.088				0.913				1.40				0.20												1.43				0.10				1.69				< 0.1								0.67								0.30								0.5				0.80																						0.60				0.7						<4

		Th (XRF)

		Th (ICP-MS)

		Th (INAA)																																																				1.8		2.3																																																						0.06						0.30		0.33										0.99		1.00

		Th (DN or other)		0.70						1.3		1.4		1.2		2.8		< 1.1		0.4				2.2				2.5		1.5				< 0.90				< 0.1						2.4		1.9		2.5				0.87								1.30		< 0.97				4.45				4.59				0.30												2.0				0.20				4.0				0.20								< 1.4								0.40								0.6				1.50																						1.60				1.0						<4

		La (XRF)		< 30		< 30				< 10		< 10		< 10				3						19				19		< 10				< 10										29				23				18		< 30		< 30				< 30		< 10				< 10				22																15				< 2				30				< 10								< 30				< 30				< 30				< 30				< 30						< 30																														5

		Ce (XRF)		< 30		< 30				31		38		25				17						44				43		32				17										75				61				47		32		52				< 30		23				30				50																45				8				67				27								< 30				< 30				< 30				< 30				< 30						< 30																														15

		Nd (XRF)

		Base metals (as noted)

		Cu (XRF)		70		116				55		18		51				137						85				112		73				120				37						31		65		66				107		20		28				38		30				< 5				6				37												52				137				45				87								132				< 20				65				46				118				58		72																				46				31		53				21

		Cu (ICP-MS)

		Cu (INAA)

		Cu (other)																																																																																																																																				100		100		100		300				100

		Pb (XRF)														36				36																										39																																																																						8										20				11																		15				15		46				3

		Pb (ICP-MS)

		Pb (INAA)

		Pb (other)

		Zn (XRF)		91		77				119		144		91		35		65		45				83				146		128				80				27						146		140		102				71		80		136				99		126				59				72				135												92				90				85				108								106				64				71				94				65				124		240																				84				105		115				82

		Zn (ICP-MS)

		Zn (INAA)

		Zn (other)																																																																																																																																				700		0		300		0				200

		Ni (XRF)		55		91				91		5		130		29		112		34				589				18		174				108				285						< 5		32		61				217		30		< 20				54		32				7				57				352												13				109				10				159								30				24				91		114		118				32				50		72		71																		18				< 2		4				33

		Ni (ICP-MS)

		Ni (INAA)

		Ni (other)

		Cr (XRF)		35		365				174		< 20		296		132		382		47				1240				< 20		314				154				292						< 20		64		215				375		32		< 20				27		73				< 20				< 20				1040												20				177				< 20				96								92				62				39		188		118				67				49		98		103																		44				< 5		29				121

		Cr (ICP-MS)

		Cr (INAA)

		Cr (other)

		Co (XRF)				46.3										21				19																		57								29								33.7		13.1																		64																																				39.4						55		64.6								43		52.5		57																		29				10		13

		Co (ICP-MS)

		Co (INAA)

		Co (other)

		V (XRF)																																																																																																																		208														172																												229

		V (ICP-MS)

		V (INAA)

		V (other)

		Mo (XRF)														3				3																		3								3																												3																																																				2																						4				3		3				<2

		Mo (ICP-MS)

		Mo (INAA)

		Mo (other)

		Sn (XRF)														< 5				< 5																		< 5								7																												< 5																																																				< 5																						< 5				< 5		7				<2

		Sn (ICP-MS)

		Sn (ICP-MS)

		Sn (other)

		W (XRF)				1.3										< 5				< 5																		< 5								< 5																												< 5																																																				< 5																						< 5				< 5		< 5				<5





Y plut

		Decimal lat				34.7954				34.7313		34.7832				34.5212		34.4374		34.4523				34.5967				34.6183				34.2022				34.2347		34.2032																																																																																																																																																				35.083

		Decimal long				-112.9602				-112.9445		-112.867				-112.9359		-112.9095		-112.9757				-112.7943				-112.7763				-112.7812				-112.7366		-112.7706																																																																																																																																																				-112.622

		30x60 quad				Prescott				Prescott		Prescott				Prescott		Bradshaw Mts		Bradshaw Mts				Prescott				Prescott				Bradshaw Mts				Bradshaw Mts		Bradshaw Mts																																																																																																																																																				Williams

		7 1/2 quad				Camp Wood				Sheridan Mtn		Seepage Mtn				Muleshoe Ranch		Hillside		Hillside				Martin Mtn				Martin Mtn				Congress				Yarnell		Congress																																																																																																																																																				Picacho Butte SE

		Twp				16N				16N		16N				14N		13N		13N				15N				15N				10N				10N		10N																																																																																																																																																				20N

		Rng				7W				7W		6W				7W		6W		7W				5W				5W				5W				5W		5W																																																																																																																																																				3W

		Sec				1				36		11				25		29		22				33				(uns)				16				2		15																																																																																																																																																				31

		Elev				5950				5150						3590		3950		3420				4460				4920				4080				4680		4240																																																																																																																																																				5050

		Mag susc				500				40		6000				4100		2500		900				700				55				2900				3700		3400																																																																																																																																																				200

		Scint				110				60		60				75		110		75				90				75				70				70		85						218				366		445		340				318		405		301		295		421		490		238		288		435		189		326		262		356		326		365		285		403		215		305		461		259		197		353		420		379		360				430		325		477		310		442		346		475		420		308		356		324		337		325		333		568		257		333		382		478		300		410		343		375		300		233		340		215		309		351		295		377		298		216		185		311

		Age		Y		Y		Y		Y		Y				Y		Y		Y				Y				Y				Y		Y		Y		Y		Y				Y				Y		Y		Y				Y		Y		Y		Y		Y		Y		Y		Y		Y		Y		Y		Y		Y		Y		Y		Y		Y		Y		Y		Y		Y		Y		Y		Y		Y		Y				Y		Y		Y		Y		Y		Y		Y		Y		Y		Y		Y		Y		Y		Y		Y		Y		Y		Y		Y		Y		Y		Y		Y		Y		Y		Y		Y		Y		Y		Y		Y		Y		Y		Y		Y				Y				Y

		Source		DeWitt unpub		DeWitt unpub		Conway unpub		DeWitt unpub		DeWitt unpub				DeWitt unpub		DeWitt unpub		DeWitt unpub				DeWitt unpub				DeWitt unpub				DeWitt 1989		P Anderson (unpub)		DeWitt 1989		DeWitt 1989		P Anderson (unpub)				Fleck 1983				Fleck 1983		Fleck 1983		Fleck 1983				Fleck 1983		Fleck 1983		Fleck 1983		Fleck 1983		Fleck 1983		Fleck 1983		Fleck 1983		Fleck 1983		Fleck 1983		Fleck 1983		Fleck 1983		Fleck 1983		Fleck 1983		Fleck 1983		Fleck 1983		Fleck 1983		Fleck 1983		Fleck 1983		Fleck 1983		Fleck 1983		Fleck 1983		Fleck 1983		Fleck 1983		Fleck 1983		Fleck 1983		Fleck 1983				Fleck 1983		Fleck 1983		Fleck 1983		Fleck 1983		Fleck 1983		Fleck 1983		Fleck 1983		Fleck 1983		Fleck 1983		Fleck 1983		Fleck 1983		Fleck 1983		Fleck 1983		Fleck 1983		Fleck 1983		Fleck 1983		Fleck 1983		Fleck 1983		Fleck 1983		Fleck 1983		Fleck 1983		Fleck 1983		Fleck 1983		Fleck 1983		Fleck 1983		Fleck 1983		Fleck 1983		Fleck 1983		Fleck 1983		Fleck 1983		Fleck 1983		Fleck 1983		Fleck 1983		Fleck 1983		Fleck 1983				Krieger 1965				DeWitt unpub

		Location				W Camp Wood				SW Camp Wood		S Camp Wood				Lawler grade		Yava		Hiway to Bagdad				Granite Basin				Bubby Buttes				SW Yarnell		Bradshaw		NE Yarnell		SW Yarnell		Bradshaw																																																																																																																																																		Chino Vly

		Map unit		Ywc		Ywc		Ywc		Ywc		Ywc				Yy		Yy		Yy				Yg				Ykp				off map		off map		off map		off map		off map				Yd				Yd		Yd		Yd				Yd		Yd		Yd		Yd		Yd		Yd		Yd		Yd		Yd		Yd		Yd		Yd		Yd		Yd		Yd		Yd		Yd		Yd		Yd		Yd		Yd		Yd		Yd		Yd		Yd		Yd				Yd		Yd		Yd		Yd		Yd		Yd		Yd		Yd		Yd		Yd		Yd		Yd		Yd		Yd		Yd		Yd		Yd		Yd		Yd		Yd		Yd		Yd		Yd		Yd		Yd		Yd		Yd		Yd		Yd		Yd		Yd		Yd		Yd		Yd		Yd				Yd				Ysg

		Field #		3-31-87-6		3-31-87-2		23-13-29		3-31-87-7		11-22-89-3				4-1-87-5		11-24-84-4		4-1-87-4				5-27-97-2				11-6-89-2				11-24-84-1		B87		11-26-84-1		11-24-84-2		B56				M-14				I-10		H-11		J-11				G-10		K-12		G 8		M-6		G-12		I-12		J-9		F-11		F-3		P-6		J-15		I-4		I-8		K-10		K-14		L-13		M-10		L-15		G-2		H-13		K-16		P-8		N-9		G-4		K-8		J-13				E-6		I-14		F-7		N-11		O-8		M-12		E-4		H-7		O-10		F-13		C-4		J-7		D-5		L-11		G-6		F-1		D-3		E-2		G-14		J-3		H-5		J-5		F-5		H-15		K-4		I-6		K-6		B-3		B-1		D-1		L-9		N-13		C-2		G-16		A-2				PP467-8 (11)				7-3-89-3B

		Lab #		D-331927		D-331926		M-197338		D-331928		D-349649				D-331889		D-331887		D-331888				F-017706				D-350922				D-273543				D-273541		D-273542																																																																																																																																																148370				D-335286

		Alteration

		Mineralization

		Rock type		di		gr		GRANITE		ap		gr				gr		gd por		gd				gr (Y?)				gr				gd		gd		gd		gd		gd																																																																																																																																																		gb

		Suite		Walnut Ck (Camp Wood)		Walnut Ck (Camp Wood)		Walnut Ck (Camp Wood)		Walnut Ck (Camp Wood)		Walnut Ck (Camp Wood) agg				Yava		Yava		Yava				Granite Basin				Kirkland Pk (Twin Pks?)				Yarnell		Yarnell		Yarnell		Yarnell		Yarnell				Dells				Dells		Dells		Dells				Dells		Dells		Dells		Dells		Dells		Dells		Dells		Dells		Dells		Dells		Dells		Dells		Dells		Dells		Dells		Dells		Dells		Dells		Dells		Dells		Dells		Dells		Dells		Dells		Dells		Dells				Dells		Dells		Dells		Dells		Dells		Dells		Dells		Dells		Dells		Dells		Dells		Dells		Dells		Dells		Dells		Dells		Dells		Dells		Dells		Dells		Dells		Dells		Dells		Dells		Dells		Dells		Dells		Dells		Dells		Dells		Dells		Dells		Dells		Dells		Dells				Dells				Y sye gb

		Major elements (XRF)

		SiO2		65.3		71.3		73.90		75.10		63.60				69.10		69.90		70.70				73.70				76.40				65.10		65.70		67.40		66.30		68.20				72.13				72.91		74.47		76.15				74.72		76.56		73.57		74.92		73.10		74.59		76.97		74.53		74.89		75.03		75.49		74.47		74.49		73.48		74.10		72.85		73.96		75.27		74.11		75.80		75.23		74.97		74.81		73.68		73.46		73.80				75.09		74.08		73.77		74.79		74.07		74.11		75.66		75.03		74.33		73.81		74.90		72.79		74.15		73.49		75.51		75.16		74.62		74.61		75.18		74.82		74.33		76.39		75.22		74.80		74.99		74.71		74.39		74.13		74.71		74.30		75.27		74.03		74.86		74.91		74.67				76.20				50.40

		TiO2		1.09		0.36		0.12		0.05		1.26				0.78		0.56		0.36				0.23				0.02				1.02		0.85		0.80		0.79		0.79				0.25				0.14		0.13		0.10				0.09		0.08		0.08		0.08		0.08		0.07		0.06		0.06		0.06		0.06		0.06		0.06		0.06		0.06		0.06		0.05		0.05		0.05		0.05		0.05		0.05		0.05		0.05		0.05		0.05		0.05				0.04		0.04		0.04		0.04		0.04		0.04		0.03		0.03		0.03		0.03		0.03		0.03		0.03		0.03		0.02		0.02		0.02		0.02		0.02		0.02		0.02		0.02		0.02		0.02		0.02		0.02		0.02		0.02		0.02		0.02		0.01		0.01		0.01		0.01		0.01				0.04				2.66

		Al2O3		13.7		14.3		14.10		13.80		13.80				13.70		14.10		14.20				13.10				13.00				14.30		14.50		14.50		14.10		14.60				13.65				14.23		13.17		13.64				13.36		12.74		14.85		13.92		14.46		13.44		13.58		13.77		13.67		13.68		13.51		13.56		13.65		14.18		14.62		14.60		13.56		13.78		13.75		13.13		13.41		13.61		13.98		14.43		14.46		14.76				13.16		14.22		14.40		13.80		13.78		13.49		13.60		13.45		14.26		14.27		13.82		14.72		14.01		14.39		13.54		13.43		13.80		13.71		13.50		13.69		14.01		13.04		13.45		13.48		13.14		14.14		13.87		14.29		13.64		14.33		13.37		13.79		14.03		14.13		13.93				13.70				12.00

		Fe2O3						0.89																										2.84						5.12																																																																																																																																														0.69

		FetO3		6.64		2.33				0.60		6.81				4.13		3.37		2.79				1.82				0.63				6.65				4.98		5.45						2.70				1.60		1.42		0.88				1.18		0.01		0.69		0.96		0.94		1.20		0.68		0.86		0.77		1.01		0.46		1.11		1.03		1.03		0.56		1.16		1.55		0.41		1.39		0.81		0.79		1.09		0.59		0.88		0.96		0.58				1.35		0.07		0.97		0.79		1.09		0.35		0.74		1.06		1.27		0.76		0.92		0.68		1.08		0.39		0.92		1.20		0.91		1.02		0.83		0.79		0.62		0.81		0.82		0.93		1.00		1.09		1.12		0.81		0.88		0.88		0.74		0.48		0.73		0.73		0.74				0.17				15.20

		FeOt

		FeO						0.13																										2.87

		MnO		0.12		0.05		0.05		0.25		0.14				0.11		0.12		0.07				0.06				0.09				0.13		0.12		0.12		0.11		0.12				0.09				0.07		0.07		0.04				0.03		0.02		0.03		0.03		0.04		0.04		0.01		0.03		0.05		0.12		0.02		0.07		0.05		0.07		0.04		0.02		0.06		0.01		0.06		0.03		0.01		0.14		0.04		0.06		0.03		0.02				0.04		0.02		0.04		0.04		0.10		0.05		0.06		0.05		0.10		0.08		0.06		0.04		0.09		0.02		0.03		0.12		0.08		0.06		0.03		0.03		0.07		0.06		0.07		0.05		0.08		0.08		0.08		0.04		0.06		0.09		0.08		0.01		0.11		0.04		0.10				0.03				0.25

		MgO		1.39		0.60		0.22		0.18		1.51				0.93		0.80		0.59				0.28				< 0.10				1.52		1.30		1.17		1.22		1.19				0.44				0.14		0.13		0.08				0.04		0.03		0.05		0.08		0.04		0.06		0.00		0.05		0.01		0.07		0.04		0.03		0.03		0.05		0.07		0.05		0.02		0.06		0.03		0.00		0.02		0.03		0.04		0.04		0.02		0.06				0.02		0.04		0.04		0.01		0.01		1.10		0.03		0.02		0.01		0.02		0.04		0.03		0.01		0.00		0.05		0.01		0.00		0.00		0.00		0.00		0.04		0.03		0.02		0.00		0.00		0.03		0.00		0.04		0.02		0.01		0.03		0.04		0.03		0.00		0.01				0.10				2.97

		CaO		3.40		1.20		0.61		0.58		4.01				2.50		2.08		1.77				0.93				0.55				3.43		3.01		2.57		2.84		2.56				1.61				0.86		0.89		0.70				0.80		0.20		0.41		0.14		1.15		0.80		0.27		0.84		0.75		0.25		0.33		0.69		0.51		0.90		0.29		0.44		0.76		0.48		0.36		0.64		0.46		0.12		0.54		0.69		0.46		0.27				0.62		0.37		0.62		0.53		0.60		0.18		0.17		0.12		0.15		0.74		0.19		0.55		0.51		0.75		0.18		0.20		0.34		0.55		0.42		0.48		0.62		0.29		0.53		0.57		0.42		0.18		0.23		0.51		0.62		0.13		0.74		0.23		0.31		0.32		0.24				0.50				8.77

		Na2O		2.55		2.41		2.74		3.06		2.86				2.88		3.04		2.94				3.16				3.99				3.14		2.93		3.08		3.10		2.94				3.70				3.98		4.02		2.65				4.03		3.74		4.39		3.65		3.89		4.41		2.64		4.02		4.22		4.42		4.44		4.46		3.82		4.47		4.38		3.72		4.45		4.30		4.04		4.22		4.65		4.50		4.39		4.52		4.69		4.62				4.48		4.54		4.35		4.45		4.54		4.42		3.93		4.81		4.42		4.58		4.18		4.05		4.51		3.57		4.24		4.44		4.54		4.39		4.41		4.92		4.19		4.28		4.53		4.57		4.93		4.16		4.23		4.60		4.53		4.59		4.38		3.44		4.55		4.84		4.70				4.20				4.52

		K2O		4.20		6.24		6.00		5.15		3.90				4.58		4.67		5.64				5.17				4.23				3.78		3.98		4.18		4.33		4.16				4.32				4.99		4.66		4.77				4.73		4.57		4.92		5.18		5.28		4.36		4.75		4.81		4.57		4.35		4.63		4.52		5.34		4.76		4.70		6.08		4.58		4.62		5.17		4.30		4.36		4.46		4.55		4.65		4.83		4.83				4.16		4.97		4.75		4.41		4.75		5.25		4.76		4.38		4.42		4.68		4.84		6.09		4.60		6.35		4.50		4.37		4.68		4.48		4.59		4.21		5.08		4.08		4.31		4.56		4.39		4.58		5.01		4.57		4.51		4.65		4.36		6.95		4.36		4.00		4.60				4.50				0.64

		P2O5		0.58		0.16		0.16		0.13		0.50				0.25		0.22		0.12				< 0.05				< 0.05				0.39		0.30		0.27		0.34		0.23				0.19				0.07		0.05		0.03				0.02		0.06		0.02		0.03		0.02		0.03		0.02		0.02		0.02		0.02		0.02		0.02		0.02		0.01		0.18		0.02		0.01		0.02		0.05		0.01		0.02		0.02		0.01		0.02		0.02		0.02				0.02		0.02		0.01		0.02		0.01		0.02		0.01		0.05		0.01		0.03		0.01		0.01		0.03		0.02		0.01		0.02		0.02		0.15		0.01		0.02		0.01		0.01		0.01		0.01		0.02		0.01		0.05		0.01		0.02		0.01		0.00		0.01		0.01		0.02		0.01				0.00				1.49

		H2O+						0.59																										0.72				0.76		1.18																																																																																																																																														0.56

		H2O-						0.07

		CO2						0.06																																																																																																																																																																														0.13

		S																																																																																																																																																																																				< 0.01

		F

		Cl

		LOI		0.48		0.79				0.63		0.70				0.49		0.53		0.55				0.56				0.26				0.65				0.55								1.0				1.0		1.0		1.0				1.0		1.0		1.0		1.0		1.0		1.0		1.0		1.0		1.0		1.0		1.0		1.0		1.0		1.0		1.0		1.0		1.0		1.0		1.0		1.0		1.0		1.0		1.0		1.0		1.0		1.0				1.0		1.0		1.0		1.0		1.0		1.0		1.0		1.0		1.0		1.0		1.0		1.0		1.0		1.0		1.0		1.0		1.0		1.0		1.0		1.0		1.0		1.0		1.0		1.0		1.0		1.0		1.0		1.0		1.0		1.0		1.0		1.0		1.0		1.0		1.0								1.51

		Less O

		TOTAL		99.45		99.74		99.64		99.53		99.09				99.45		99.39		99.73				99.01				99.17				100.11		99.12		99.62		99.34		101.09				100.08				100.00		100.00		100.04				100.01		99.02		100.01		100.00		100.00		100.00		99.99		100.00		100.00		100.01		100.00		100.00		100.00		100.00		100.00		100.00		100.00		100.00		100.00		100.00		100.00		100.00		100.00		100.00		99.99		100.00				99.98		99.38		100.00		99.88		100.00		100.01		100.00		100.00		100.00		100.00		100.00		100.00		100.01		100.01		100.00		99.99		100.00		99.99		100.00		100.00		99.99		100.01		100.00		100.00		100.00		100.00		100.00		100.00		99.99		99.99		100.00		99.99		100.00		100.00		100.00				100.82				100.41

		Calculations

		R1		2267		2366		2517		2694		2106				2385		2385		2267				2526				2665				2144		2232		2272		2146		2377				2403				2231		2404		2991				2406		2699		2171		2454		2228		2351		3058		2385		2402		2385		2356		2287		2329		2166		2263		2077		2235		2393		2256		2521		2319		2323		2343		2192		2070		2130				2404		2155		2232		2347		2182		2131		2509		2238		2313		2175		2350		1967		2232		2130		2448		2375		2238		2335		2345		2231		2258		2593		2373		2270		2191		2399		2254		2215		2290		2209		2417		2074		2333		2318		2210				2508				1154

		R2		701		439		353		342		775				582		539		497				370				316				723		671		617		641		619				461				378		360		346				350		273		338		292		408		352		295		362		349		298		303		342		324		376		322		336		348		324		309		326		314		281		334		359		334		321				326		321		351		327		335		338		286		278		296		360		294		349		330		363		288		285		307		328		309		320		343		288		322		325		303		298		296		337		334		295		343		297		310		312		300				327				1321

		Al / CNK		0.92		1.11		1.16		1.18		0.85				0.96		1.02		1.00				1.05				1.07				0.92		0.99		1.02		0.94		1.04				1.00				1.05		0.99		1.26				1.01		1.11		1.12		1.17		1.02		1.00		1.36		1.03		1.03		1.10		1.05		1.01		1.05		1.00		1.14		1.08		0.99		1.06		1.07		1.03		1.02		1.09		1.06		1.05		1.05		1.11				1.01		1.05		1.07		1.06		1.01		1.02		1.14		1.05		1.16		1.02		1.11		1.03		1.05		1.02		1.11		1.08		1.05		1.05		1.04		1.01		1.04		1.09		1.03		1.00		0.96		1.17		1.09		1.06		1.01		1.12		1.01		1.01		1.10		1.10		1.06				1.08				0.50

		Fe No. (wt %)		0.81		0.78		0.81		0.75		0.80				0.80		0.79		0.81				0.85								0.80		0.81		0.79		0.80		0.79				0.85				0.91		0.91		0.91				0.96		0.24		0.92		0.92		0.96		0.95		0.99		0.94		0.98		0.93		0.91		0.97		0.97		0.95		0.87		0.96		0.99		0.87		0.98		1.00		0.97		0.97		0.93		0.95		0.98		0.89				0.99		0.65		0.95		0.99		0.99		0.22		0.96		0.98		0.99		0.97		0.95		0.95		0.99		1.00		0.94		0.99		1.00		1.00		1.00		1.00		0.93		0.97		0.97		1.00		1.00		0.97		1.00		0.95		0.98		0.99		0.96		0.92		0.95		1.00		0.99				0.89				0.82

		Fe No. (atomic)		0.71		0.66		0.70		0.63		0.69				0.69		0.68		0.70				0.77				0.86				0.69		0.70		0.68		0.69		0.68				0.76				0.86		0.85		0.85				0.93		0.15		0.87		0.86		0.93		0.91		0.99		0.89		0.97		0.88		0.85		0.95		0.95		0.92		0.79		0.92		0.98		0.79		0.96		1.00		0.96		0.95		0.89		0.92		0.96		0.83				0.97		0.51		0.92		0.98		0.98		0.14		0.94		0.96		0.98		0.95		0.92		0.91		0.99		1.00		0.90		0.98		1.00		0.99		1.00		1.00		0.88		0.94		0.95		0.99		1.00		0.95		1.00		0.91		0.96		0.98		0.93		0.87		0.92		1.00		0.98				0.81				0.72

		K No. (wt %)		0.62		0.72		0.69		0.63		0.58				0.61		0.61		0.66				0.62				0.51				0.55		0.58		0.58		0.58		0.59				0.54				0.56		0.54		0.64				0.54		0.55		0.53		0.59		0.58		0.50		0.64		0.54		0.52		0.50		0.51		0.50		0.58		0.52		0.52		0.62		0.51		0.52		0.56		0.50		0.48		0.50		0.51		0.51		0.51		0.51				0.48		0.52		0.52		0.50		0.51		0.54		0.55		0.48		0.50		0.50		0.54		0.60		0.50		0.64		0.51		0.50		0.51		0.50		0.51		0.46		0.55		0.49		0.49		0.50		0.47		0.52		0.54		0.50		0.50		0.50		0.50		0.67		0.49		0.45		0.49				0.52				0.12

		K No (atomic)		0.52		0.63		0.59		0.53		0.47				0.51		0.50		0.56				0.52				0.41				0.44		0.47		0.47		0.48		0.48				0.43				0.45		0.43		0.54				0.44		0.45		0.42		0.48		0.47		0.39		0.54		0.44		0.42		0.39		0.41		0.40		0.48		0.41		0.41		0.52		0.40		0.41		0.46		0.40		0.38		0.39		0.41		0.40		0.40		0.41				0.38		0.42		0.42		0.39		0.41		0.44		0.44		0.37		0.40		0.40		0.43		0.50		0.40		0.54		0.41		0.39		0.40		0.40		0.41		0.36		0.44		0.39		0.39		0.40		0.37		0.42		0.44		0.40		0.40		0.40		0.40		0.57		0.39		0.35		0.39				0.41				0.09

		Minor elements

		Cl (ppm)

		F (ppm)

		HFS elements (as noted)

		Ba (XRF)		1110		709		450		119		1400				1520		837		849								46				1034				1129		1084																																																																																																																																																				132

		Ba (ICP-MS)

		Ba (INAA)

		Ba (other)

		Rb  (XRF)		161		322		305		382		126				181		202		251				233				400				117				143		145																																																																																																																																																				18

		Rb  (ICP-MS)

		Rb (INAA)

		Rb (other)

		Sr  (XRF)		308		139		112		35		485				404		241		202				94				25				296				276		248																																																																																																																																																				229

		Sr  (ICP-MS)

		Sr (INAA)

		Sr (other)

		Y  (XRF)		62		66		17		26		67				60		30		51				22				84				53				56		35																																																																																																																																																				52

		Y  (ICP-MS)

		Y (INAA)

		Y (other)

		Zr  (XRF)		376		182		95		45		335				373		242		227				171				64				276				289		289																																																																																																																																																				202

		Zr  (ICP-MS)

		Zr (INAA)

		Zr (other)

		Nb  (XRF)		25		21		13		31		29				28		18		18				19				53				30				31		28																																																																																																																																																				21

		Nb  (ICP-MS)

		Nb (INAA)

		Nb (other)

		Ta  (ICP-MS)

		Ta (INAA)						0.82

		Ta (other)

		Hf  (ICP-MS)

		Hf (INAA)						2.80

		Sc (XRF)

		Sc  (ICP-MS)

		Sc (INAA)						4.0

		Sc (other)

		Cs  (XRF)

		Cs  (ICP-MS)

		Cs (INAA)						11.90

		Cs (other)

		Light metals (as noted)

		B (ICP-MS)

		Be (ICP-MS)

		Be (other)

		Li (ICP-MS)

		Li (other)

		Ga (XRF)																						23

		Ga (ICP-MS)

		Ga (other)

		U, Th, LREE (as noted)

		U (XRF)

		U (ICP-MS)

		U (INAA)

		U (DN or other)		3.22		4.41		1.83		2.18		2.97				4.15		5.83		3.40								10.20								4.50								0.00				9.20		18.00		3.20				4.00		15.90		2.40		0.00		17.00		25.90		6.60		2.30		23.50		0.00		3.20		5.20		12.10		5.20		9.20		0.00		3.60		0.00		2.40		27.90		0.00		0.00		3.20		3.20		13.80		12.90				14.30		8.90		15.60		4.70		23.60		7.60		23.60		1.20		4.00		7.40		11.90		0.00		4.20		13.70		39.70		1.00		12.10		12.90		18.80		3.90		14.90		4.20		15.60		8.40		0.00		9.00		0.00		6.00		15.10		8.90		14.10		12.10		0.00		1.20		5.50								1.19

		Th (XRF)

		Th (ICP-MS)

		Th (INAA)

		Th (DN or other)		16.20		34.40		12.30		9.19		10.50				20.40		16.90		21.10								17.60								13.10								25.00				27.90		35.60		32.50				25.00		31.00		25.00		26.30		26.30		34.00		18.60		23.20		26.30		25.00		32.50		20.20		25.00		20.20		27.90		27.90		35.60		27.90		25.00		23.20		27.90		25.00		32.50		32.50		26.30		32.50				31.00		25.00		27.90		31.00		27.90		27.90		27.90		47.40		25.00		26.30		23.20		27.90		26.30		25.00		27.90		26.30		25.00		32.50		27.90		23.20		27.90		26.30		27.90		20.20		26.30		26.30		20.20		27.90		23.20		25.00		29.40		25.00		23.20		8.90		23.20								3.20

		La (XRF)		82		75		30		19		72				101		94		66								< 30				69				71		80																																																																																																																																																				33

		Ce (XRF)		184		156		62		39		205				205		171		126								< 30				142				157		166																																																																																																																																																				76

		Nd (XRF)

		Base metals (as noted)

		Cu (XRF)		11		12		12		< 5		10				< 5		< 5		14				17				< 10																																																																																																																																																														51

		Cu (ICP-MS)

		Cu (INAA)

		Cu (other)

		Pb (XRF)																						55

		Pb (ICP-MS)

		Pb (INAA)

		Pb (other)

		Zn (XRF)		103		51		34		25		110				97		89		80				53				14																																																																																																																																																														110

		Zn (ICP-MS)

		Zn (INAA)

		Zn (other)

		Ni (XRF)		< 5		< 5		< 10		< 5		< 10				< 5		8		8				6				< 10																																																																																																																																																														7

		Ni (ICP-MS)

		Ni (INAA)

		Ni (other)

		Cr (XRF)		< 20		< 20		< 20		< 20		< 20				< 20		< 20		< 20				< 5				< 20																																																																																																																																																														< 20

		Cr (ICP-MS)

		Cr (INAA)

		Cr (other)

		Co (XRF)						2.1																2

		Co (ICP-MS)

		Co (INAA)

		Co (other)

		V (XRF)

		V (ICP-MS)

		V (INAA)

		V (other)

		Mo (XRF)

		Mo (ICP-MS)

		Mo (INAA)

		Mo (other)

		Sn (XRF)																						5

		Sn (ICP-MS)

		Sn (ICP-MS)

		Sn (other)

		W (XRF)						2.56																< 5





X mv1

		Decimal lat		34.357		34.4232		34.427				34.5467		34.5467		34.5467				34.6808		34.7761				34.3954		34.4084		34.4177				34.4296				34.4256				34.4241		34.4381		34.4297				34.4816				34.4073				34.4265				34.3291		34.3148		34.34998		34.35415		34.31702				34.5420		34.5420		34.5226				34.49645		34.48570				34.4804		34.4885				34.46603		34.44514		34.44597				34.4417				34.3500		34.3737				34.48400		34.48505		34.4199		34.4204				34.492		34.4794				34.4984		34.5005		34.5004		34.48190		34.5012		34.5001		34.5009		34.5001		34.4988		34.5002						34.5003				34.43571				34.4162		34.4162				34.3415		34.34269		34.3426		34.3544		34.3425		34.3426		34.3426		34.3425		34.32619		34.34002		34.3544		34.3322				34.3031		34.2881		34.2904				34.2627		34.2873				34.1756				34.2202		34.2261		34.2306				34.1384				34.1151												34.4571		34.4721		34.472		34.4654		34.4654						34.4742		34.4813		34.48119		34.47721				34.41455		34.38163		34.42484		34.40715		34.3820				34.30992		34.31457		34.2899		34.3187														34.27879				34.2232		34.2010				34.45590				34.39478		34.45024		34.45800				34.4646		34.4437				34.42551		34.42910		34.42442				34.46905				34.4597				34.758		34.758				34.68181				34.58148		34.5734		34.6525		34.6506		34.6282				34.642		34.63069				34.6652		34.66551		34.648				34.70517		34.73809		34.64192		34.73948						34.67104		34.65840		34.73947				34.7342		34.7447		34.62739		34.7396		34.745		34.7397		34.7044		34.7449		34.7354		34.6296		34.7444		34.7449		34.7236		34.7443		34.7396		34.6482		34.6458		34.7282		34.7209				34.659		34.6583		34.6837		34.656		34.6639		34.65294		34.6543		34.6889				34.69886		34.706		34.70160		34.70104		34.70517				34.64581		34.6606		34.6497		34.6728				34.2614		34.2614				34.3726		34.3713		34.3725				34.3638		34.3606		34.3633				34.34118				34.46409				34.41837

		Decimal long		-112.7447		-112.6983		-112.6963				-112.6311		-112.6311		-112.6311				-112.5748		-112.5145				-112.4867		-112.5016		-112.5120				-112.5165				-112.4872				-112.4629		-112.4953		-112.4842				-112.416				-112.427				-112.4263				-112.3707		-112.3592		-112.36659		-112.35402		-112.36211				-112.3719		-112.3719		-112.3611				-112.36588		-112.37429				-112.3412		-112.3388				-112.25507		-112.34620		-112.34455				-112.3194				-112.3746		-112.3338				-112.31189		-112.32650		-112.3126		-112.3161				-112.2719		-112.289				-112.2524		-112.2558		-112.2569		-112.28135		-112.2573		-112.2567		-112.2572		-112.2537		-112.2527		-112.2548						-112.2553				-112.28845				-112.2696		-112.2696				-112.2409		-112.23801		-112.2402		-112.2336		-112.2402		-112.2402		-112.2402		-112.2402		-112.24325		-112.20753		-112.2336		-112.2395				-112.3400		-112.2603		-112.2918				-112.3077		-112.2877				-112.3502				-112.3385		-112.3347		-112.3273				-112.3697				-112.4533												-112.2683		-112.2487		-112.2498		-112.2607		-112.2607						-112.2614		-112.2587		-112.23722		-112.23687				-112.23962		-112.26799		-112.24330		-112.23196		-112.2029				-112.14947		-112.15942		-112.1440		-112.1367														-112.18712				-112.1785		-112.1634				-111.99297				-112.17689		-112.19862		-112.16912				-112.1856		-112.1866				-112.19622		-112.18694		-112.19389				-112.13863				-112.1660				-112.2367		-112.2367				-112.23300				-112.11368		-112.1173		-112.1825		-112.1771		-112.0791				-112.1068		-112.10349				-112.1475		-112.14531		-112.1287				-112.09135		-112.12637		-112.12280		-112.11971						-112.12853		-112.13149		-112.12304				-112.1127		-112.1176		-112.10016		-112.122		-112.1173		-112.1238		-112.0977		-112.1169		-112.1079		-112.0799		-112.1185		-112.1164		-112.117		-112.1189		-112.122		-112.1287		-112.1233		-112.1101		-112.099				-112.1057		-112.0916		-112.0996		-112.1057		-112.1082		-112.10454		-112.1027		-112.0972				-112.08934		-112.0878		-112.09184		-112.09666		-112.09434				-112.09854		-112.0868		-112.1292		-112.0633				-111.9281		-111.9281				-111.8679		-111.8691		-111.8652				-111.8947		-111.8965		-111.9002				-112.23867				-112.14459				-112.29534

		30x60 quad		Bradshaw Mts		Bradshaw Mts		Bradshaw Mts				Prescott		Prescott		Prescott				Prescott		Prescott				Bradshaw Mts		Bradshaw Mts		Bradshaw Mts				Bradshaw Mts				Bradshaw Mts				Bradshaw Mts		Bradshaw Mts		Bradshaw Mts				Bradshaw Mts				Bradshaw Mts				Bradshaw Mts				Bradshaw Mts		Bradshaw Mts										Prescott		Prescott		Prescott										Bradshaw Mts		Bradshaw Mts												Bradshaw Mts				Bradshaw Mts		Bradshaw Mts								Bradshaw Mts		Bradshaw Mts				Bradshaw Mts		Bradshaw Mts				Bradshaw Mts		Bradshaw Mts		Bradshaw Mts				Bradshaw Mts		Bradshaw Mts		Bradshaw Mts		Bradshaw Mts		Bradshaw Mts		Bradshaw Mts						Bradshaw Mts								Bradshaw Mts		Bradshaw Mts				Bradshaw Mts				Bradshaw Mts		Bradshaw Mts		Bradshaw Mts		Bradshaw Mts		Bradshaw Mts		Bradshaw Mts						Bradshaw Mts		Bradshaw Mts				Bradshaw Mts		Bradshaw Mts		Bradshaw Mts				Bradshaw Mts		Bradshaw Mts				Bradshaw Mts				Bradshaw Mts		Bradshaw Mts		Bradshaw Mts				Bradshaw Mts				Bradshaw Mts												Bradshaw Mts		Bradshaw Mts		Bradshaw Mts		Bradshaw Mts		Bradshaw Mts						Bradshaw Mts		Bradshaw Mts																Bradshaw Mts								Bradshaw Mts		Bradshaw Mts																		Bradshaw Mts		Bradshaw Mts																Bradshaw Mts		Bradshaw Mts																Bradshaw Mts				Prescott		Prescott										Prescott		Prescott		Prescott		Prescott				Prescott						Prescott				Prescott																								Prescott		Prescott				Prescott		Prescott		Prescott		Prescott		Prescott		Prescott		Prescott		Prescott		Prescott		Prescott		Prescott		Prescott		Prescott		Prescott		Prescott		Prescott				Prescott		Prescott		Prescott		Prescott		Prescott				Prescott		Prescott						Prescott												Prescott		Prescott		Prescott				Payson		Payson				Payson		Payson		Payson				Payson		Payson		Payson

		7 1/2 quad		Peeples Vly		Kirkland		Kirkland				Skull Vly		Skull Vly		Skull Vly				Jerome Cyn		Sullivan Buttes				Groom Ck		Wilhoit		Wilhoit				Wilhoit				Groom Ck				Groom Ck		Groom Ck		Groom Ck				Groom Ck				Groom Ck				Groom Ck				Battle Flat		Battle Flat										Prescott		Prescott		Prescott										Poland Jct		Poland Jct												Poland Jct				Battle Flat		Battle Flat								Poland Jct		Poland Jct				Poland Jct		Poland Jct				Poland Jct		Poland Jct		Poland Jct				Poland Jct		Poland Jct		Poland Jct		Poland Jct		Poland Jct		Poland Jct						Poland Jct								Poland Jct		Poland Jct				Cleator				Cleator		Cleator		Cleator		Cleator		Cleator		Cleator						Cleator		Cleator				Battle Flat		Battle Flat		Battle Flat				Battle Flat		Battle Flat				Crown King				Crown King		Crown King		Crown King				Crown King				Copperopolis												Poland Jct		Poland Jct		Poland Jct		Poland Jct		Poland Jct						Poland Jct		Poland Jct																Mayer								Cleator		Cleator																		Bumblebee		Bumblebee																Mayer		Mayer																Mayer				Munds Draw		Munds Draw										Cherry		Hickey Mtn		Hickey Mtn		Cottonwood				Cottonwood						Hickey Mtn				Hickey Mtn																								Cottonwood		Cottonwood				Cottonwood		Cottonwood		Cottonwood		Cottonwood		Cottonwood		Cottonwood		Cottonwood		Cottonwood		Cottonwood		Cottonwood		Cottonwood		Cottonwood		Hickey Mtn		Cottonwood		Cottonwood		Cottonwood				Cottonwood		Cottonwood		Cottonwood		Cottonwood		Cottonwood				Cottonwood		Cottonwood						Cottonwood												Cottonwood		Hickey Mtn		Cottonwood				Dugas		Dugas				Tule Mesa		Tule Mesa		Tule Mesa				Dugas		Dugas		Dugas

		Twp		12N		13N		13N				14N		14N		14N				15N		16N				12N		12N		12N				12 1/2N				12.5N				12.5N		12.5N		12.5N				13N				12N				12.5N				11N		11N										13N		13N		13N										13N		13N												12.5N				12N		12N								12 1/2N		12 1/2N				13N		13N				13N		13N		13N				13N		13N		13N		13N		13N		13N						13N								12N		12N				11.5N				11.5N		11N?		11.5N		11.5N		11.5N		11.5N						11N?		11N?				11.5N		11.5N		11.5N				11.5N		11.5N				10N				10N		10N		10N				9N				9N												12N		13N		13N		13N		13N						13N		13N																12N								11N		11N																		10N		10N																13N		12N																13N				16N		16N										14N		15N		15N		14N				15N						15N				15N																								16N		16N				16N		16N		16N		15N		16N		16N		15N		16N		16N		16N		16N		16N		15N		15N		16N		16N				15N		15N		15N		15N		15N				15N		15N						15N												15N		15N		16N				10N		10N				11N		11N						11N		11N		11N

		Rng		5W		4W		4W				4W		4W		4W				3W		2W				2W		2W		2W				3W				2W				2W		2W		2W				2W				2W				2W				1W		1W										1W		1W		1W										1W		1W												1W				1W		1W								1W		1W				1E		1E				1E		1E		1E				1E		1E		1E		1E		1E		1E						1E								1E		1E				1E				1E		1E		1E		1E		1E		1E						1E		1E				1E		1E		1E				1E		1W				1W				1W		1W		1W				1W				1W												1E		1E		1E		1E		1E						1E		1E																1E								2E		2E																		2E		2E																1.5E		2E																2E				1E		1E										2E		2E		2E		2.5E				2E						2E				2E																								2W		2E				2E		2E		2E		2E		2E		2W		2E		2E		2E		2W		2E		2E		2E		2E		2W		2W				2E		2E		2E		2E		2E				2E		2E						2E												2E		2E		1E				4E		4E				5E		5E						4E		4E		4E

		Sec		26		(uns)		(uns)				24		24		24				16		7				8		6		6				36				32				34		29		32				25				1				36				(uns)		(uns)										8		8		17										26		23												25				28		23								36		36				20		30				22		21		21				21		21		21		22		22		21						21								17		17				(uns)				(uns)		(uns)		(uns)		(uns)		(uns)		(uns)						(uns)		(uns)				(uns)		(uns)		(uns)				(uns)		(uns)				(uns)				(uns)		(uns)		(uns)				9				18												5		34		34		33		33						33		28																36								34		22																		18		29																36		6																31				(uns)		(uns)										26		(uns)		(uns)		1				(uns)						(uns)				(uns)																								26		22				27		22		27		(uns)		22		26		(uns)		27		22		34		27		27		(uns)		(uns)		35		35				(uns)		(uns)		(uns)		(uns)		(uns)				(uns)		(uns)						(uns)												(uns)		(uns)		33				10		10				(u)		(u)						(uns)		(uns)		2

		Elev		4450		3980		4140				5200		5200		5200				5370						5640		5590		5620				4910				6250				7200		5980		6320				6840				6620				6720				5260		5480										5430		5430		5580										6360		6510												5320				5470		5320								5520		5620				4930						4620		4720												4650		4640		4670						4700								4680		4680								4440		1		4440		4440		4440		4440						1		4240				5320		4360		5370				4920		5080				6050				6440		7060		7160				4520				5690												4930		4620		4640		4760		4760						4690		4600																4200								3820		3930																		3640		3180																4650		4020																4580																5040		6100		6220		6260				6480										6400																								5350		5350				5540		5350		5430		5960		5350		5200		6300		5360		5350		5720		5360		5540		6360		6240		5870		5920				6200		6000		6000		6060		6580				5950		5980						5420												5830		6530		4850				4250		4250				4990		4960						4880		4720		4880

		Mag susc		40		40		40												50		50				40		1500		70				2600				5				50		4000		50				400				70				8000				50		350										25		2500		40										50		50												50				1100		110								60		10,000				50		50								90				2500		4500		4000																				1100		1100				2				2800				1400		150		600		5								90				50		50		5				1500		3000				50				40		30		1500				30				10												7000		5500		8000		50		50																								600								70		50																		50		30																60		70																60				45		25										30		1900		800		400				1600						600				500																								20						5				5		5				10		1700						30				10		150		600		60		65				4800		20		50		30		300				3800		60						4400												500		40		550										1800		30						20		1900		900

		Scint		15		15		10												12		15				10												30						15		15				25								25				20		20																								25																																		5																																						15		15																																						10						10				12		10		20																																																												10		10																		10		10																5		10																10																		10		10		15				20						30																												30										30		30				35		25																30										15										10						15														50

		Age		X		X		X				X		X		X				X		X				X		X		X				X				X		X		X		X		X				X				X				X				X		X		X		X		X				X		X		X				X		X				X		X				X		X		X				X				X		X				X		X		X		X				X		X				X		X		X		X		X		X		X		X		X		X		X				X				X				X		X				X		X		X		X		X		X		X		X		X		X		X		X				X		X		X				X		X				X				X		X		X				X				X				X		X		X				X		X		X		X		X				X		X		X		X		X				X		X		X		X		X				X		X		X		X				X		X		X		X				X				X		X				X				X		X		X				X		X				X		X		X				X				X				X		X				X				X		X		X		X		X				X		X				X		X		X				X		X		X		X		X				X		X		X				X		X		X		X		X		X		X		X		X		X		X		X		X		X		X		X		X		X		X				X		X		X		X		X		X		X		X				X		X		X		X		X				X		X		X		X				X		X				X		X		X				X		X		X				X				X				X

		Source		DeWitt unpub		DeWitt unpub		DeWitt unpub				DeWitt unpub		DeWitt unpub		DeWitt unpub				DeWitt unpub		DeWitt unpub				DeWitt unpub		DeWitt unpub		DeWitt unpub				DeWitt unpub				DeWitt unpub		DeWitt unpub		DeWitt unpub		DeWitt unpub		DeWitt unpub				DeWitt unpub				DeWitt unpub				DeWitt unpub				DeWitt unpub		DeWitt unpub		Blacet 1985		Blacet 1985		Blacet 1985				DeWitt unpub		DeWitt unpub		DeWitt unpub				Anderson+ 1972b		Anderson+ 1972b				DeWitt unpub		DeWitt unpub				Anderson+ 1972b		Anderson+ 1972b		Anderson+ 1972b				DeWitt unpub				DeWitt unpub		DeWitt unpub				Anderson+ 1972b		Anderson+ 1972b		DeWitt unpub		DeWitt unpub				DeWitt unpub		DeWitt unpub				DeWitt unpub		DeWitt unpub		DeWitt unpub		Anderson+ 1972b		DeWitt unpub		DeWitt unpub		DeWitt unpub		DeWitt unpub		DeWitt unpub		DeWitt unpub		Anderson+ 1972b				DeWitt unpub				Anderson+ 1972b and Blacet 1985				DeWitt unpub		DeWitt unpub				DeWitt unpub		Anderson 1972		DeWitt unpub		DeWitt unpub		DeWitt unpub		DeWitt unpub		DeWitt unpub		DeWitt unpub		Anderson 1972		Anderson 1972 and Anderson+ 1972		DeWitt unpub		DeWitt unpub				DeWitt unpub		DeWitt unpub		DeWitt unpub				DeWitt unpub		DeWitt unpub				DeWitt unpub				DeWitt unpub		DeWitt unpub		DeWitt unpub				DeWitt unpub				DeWitt unpub				Vrba 1980		Vrba 1980		Vrba 1980				DeWitt unpub		DeWitt unpub		DeWitt unpub		DeWitt unpub		DeWitt unpub				DeWitt unpub		DeWitt unpub		DeWitt unpub		Anderson+ 1958 and Anderson+ 1972b		Anderson+ 1972b and Blacet 1985				Anderson+ 1972b		Anderson+ 1972b		Anderson+ 1972b		Anderson+ 1972b		DeWitt unpub				Anderson 1972		Anderson 1972		DeWitt unpub		DeWitt unpub				Vrba 1980		Vrba 1980		Vrba 1980		Vrba 1980				Anderson 1972				DeWitt unpub		DeWitt unpub				Anderson+ 1972b				Anderson+ 1972b		Anderson+ 1972b		Anderson+ 1972b				DeWitt unpub		DeWitt unpub				Anderson+ 1972b		Anderson+ 1972b		Anderson+ 1972b				Anderson+ 1972b				DeWitt unpub				DeWitt unpub		DeWitt unpub				Anderson+ 1972b				Anderson+ 1958		DeWitt unpub		DeWitt unpub		DeWitt unpub		DeWitt unpub				DeWitt unpub		Anderson+ 1958				DeWitt unpub		Anderson+ 1958		DeWitt unpub				Anderson+ 1958		Anderson+ 1958		Anderson+ 1958 and Anderson+ 1972		Anderson+ 1958		Anderson+ 1958				Anderson+ 1972b		Anderson+ 1972b		Anderson+ 1972b				DeWitt unpub		DeWitt unpub		Anderson+ 1958		DeWitt unpub		DeWitt unpub		DeWitt unpub		DeWitt unpub		DeWitt unpub		DeWitt unpub		DeWitt unpub		DeWitt unpub		DeWitt unpub		DeWitt unpub		DeWitt unpub		DeWitt unpub		DeWitt unpub		DeWitt unpub		DeWitt unpub		DeWitt unpub				DeWitt unpub		DeWitt unpub		DeWitt unpub		DeWitt unpub		DeWitt unpub		Anderson+ 1958		DeWitt unpub		DeWitt unpub				Anderson+ 1958		DeWitt unpub		Anderson+ 1958		Anderson+ 1958		Anderson+ 1958				Anderson+ 1958		DeWitt unpub		DeWitt unpub		DeWitt unpub				DeWitt unpub		DeWitt unpub				DeWitt unpub		DeWitt unpub		DeWitt unpub				DeWitt unpub		DeWitt unpub		DeWitt unpub				Anderson 1972				Anderson+ 1972				Anderson+ 1972

		Location										mine, Logan Wash		mine, Logan Wash		mine, Logan Wash														Jersey Lily				Little Cu Ck at Hassayampa																				Silver Spruce mine												S Pine Flat		S Pine Flat		NW Battle Flat												N Walker, Green Gulch		N Walker, Green Gulch										Poland Jct		Mt Union quad																Chaparral Flt		Chaparral Flt, Green Gulch		Grapevine Ck		Grapevine Ck										Iron King and E		Iron King and E		Iron King		S Spud Mtn		Iron King		Iron King		Iron King		Iron King and E		Iron King and E		Iron King and E		900 level, IK mine				Iron King and E				S Butternut										Bluebell				Bluebell				Bluebell		Bluebell		Bluebell		Bluebell		S Bluebell agg		E Bluebell																																																		Poland Jct Highway cut		Yavapai		Yavapai				Yavapai				Yavapai		S Humboldt Highway cuts		S Humboldt Highway cuts		Agua Fria		S Humboldt				N Mayer		W Mayer		N Mayer		N Mayer																														Bland Hill		Bland Hill								S Binghampton		W Binghampton		E Binghampton										N Stoddard		N Stoddard		NW Stoddard												RR grade		RR grade								Ash Ck		Yavapai		W Kendall Camp		W Kendall Camp		N Cherry				SE Brindle Pup mine		top of section				Burnt Cyn		W Burnt Cyn		Yavapai				W Cu Chief mine		Hull Cyn		N Ash Ck; Brindle Pup mine		Hull Cyn		UV Smelter				Mescal Gulch		Kendall Pk		Hull Cyn				Mescal Gulch		Hull Cyn, just above Jerome		Ash Ck		Verde Central		Hull Cyn, just above Jerome		Verde Central		Yavapai		Hull Cyn, just above Jerome		Mescal Gulch		N Cherry		Hull Cyn, just above Jerome		Hull Cyn, just above Jerome		Mescal Gulch		Hull Cyn, just above Jerome		Verde Central		Yavapai		Yavapai		Mescal Gulch		Mescal Gulch				Gaddes Cyn		Gaddes Cyn		Yavapai		Gaddes Cyn		Yavapai		Black Cyn		Gaddes Cyn		E of Copper Chief mine				SE Shea mine		E Iron King (Jerome)		Shea mine		Pipeline road		W Copper Chief mine				Black Cyn		Gaddes Cyn		Brindle Pup mine		W Quail Spg				Bishop Ck		Bishop Ck				Tule Cyn		Tule Cyn		Tule Cyn				Willow Spg		Willow Spg		Willow Spg								Mayer quad				NE Mt Union

		Map unit

		Field #		5-2-91-4		11-24-89-2		11-24-89-1				5-11-97-2C		5-11-97-2D		5-11-97-2A				6-26-89-3		7-3-89-1B				6-28-89-6		6-28-89-5		5-14-97-2				5-12-97-1				6-28-89-4		6-28-89-7 DUP?		6-28-89-7		6-28-89-2		6-28-89-3				6-27-89-10				5-20-97-1				6-27-89-9A				7-6-89-2		7-6-89-3		B1548-1 (2)		B1548-1 (1)		B1548-1 (3)				6-27-89-4A		6-27-89-4B		6-27-89-5				B1336-1 (2)		B1336-1 (1)				6-27-89-8		6-27-89-7				B1336-7 (7)		B1336-2 (2)		B1336-2 (7)				7-5-89-6				7-6-89-4		7-6-89-1				B1336-2 (3)		B1336-1 (4)		4-22-97-1		4-22-97-2				7-5-89-1		7-5-89-2				5-20-97-3F		5-20-97-3A		9-28-96-1B		B1336-2 (5)		9-28-96-1D		9-28-96-1A		9-28-96-1C		5-20-97-3D		5-20-97-3E		5-20-97-3C		B1336-2 (1)				5-20-97-3B				B1336-5 (7) and B1548-1 (7)				7-5-89-7 DUP?		7-5-89-7				5-13-90-2A		B1345-4 (2)		5-1-91-4		6-29-89-1C		5-1-91-5A		5-1-91-3		5-1-91-1		5-1-91-5B		B1345-4 (1)		B1345-1 (1) and B1336-2 (3)		6-29-89-1B		6-29-89-2				6-29-89-4		6-29-89-3		6-29-89-5				6-29-89-7		6-29-89-6				7-1-89-1				6-30-89-1		6-30-89-2		6-30-89-3				7-1-89-3				7-1-89-2				VRBM3		VRBM2		VRBM1				5-10-97-3		6-22-87-4		6-22-87-3		6-22-87-2 DUP		6-22-87-2				11-21-89-1		3-26-97-1		3-26-97-2		PP308-9 (1) and B1336-5 (2)		B1336-5 (1) and B1548-1 (6)				B1336-6 (3)		B1336-6 (2)		B1336-5 (5)		B1336-5 (3)		7-5-89-9				B1345-1 (3)		B1345-2 (2)		7-5-89-10		7-5-89-11				VRBR2		VRBR1		VRBM5		VRBM4				B1345-1 (4)				4-28-89-4		4-28-89-7				B1336-5 (4)				B1336-3 (4)		B1336-2 (6)		B1336-2 (3)				7-6-89-5		7-6-89-6				B1336-7 (6)		B1336-5 (6)		B1336-2 (2)				B1336-3 (5)				7-6-89-7				9-23-96-2A		9-23-96-2B				B1336-1 (5)				PP308-8 (1)		11-4-89-1		5-7-91-1		5-7-91-2		9-21-96-1				9-21-96-3		PP308-5				9-21-96-5		PP308-6		11-5-89-5				PP308-11 (2)		PP308-11 (3)		PP308-11 (1) and B1336-7 (3)		PP308-11 (4)		PP308-11 (5)				B1336-7 (5)		B1336-7 (4)		B1336-7 (2)				9-22-96-2		9-20-96-1D		PP308-7 (2)		4-20-97-4A		9-20-96-1C		4-20-97-3		11-5-89-8		9-20-96-1B		9-22-96-1		9-21-96-2		9-20-96-1E		9-20-96-1A		9-22-96-3		9-20-96-1F		4-20-97-4B		11-5-89-4		11-5-89-3		9-22-96-4		9-22-96-5				9-21-96-6		9-21-96-9		11-5-89-7		9-21-96-7		11-5-89-6		PP308-2 (1)		9-21-96-8		9-21-96-11				PP308-4 (2)		9-22-96-6		PP308-4 (1)		PP308-4 (3)		PP308-4 (4)				PP308-3 and PP308-7 (1)		9-21-96-10		9-21-96-4		9-22-96-7				3-27-97-2A		3-27-97-2B				4-2-89-4B		4-2-89-2		2-26-94-1				5-6-91-2		5-6-91-1		4-19-97-1				B1345-4 (3)				B1336-7 (1)				B1336-10 (5)

		Lab #		D-504722		D-349720		D-349719				C-101056		C-101057		C-101054				D-335302		D-335327				D-335313		D-335312		F-017697				F-017694				D-335311		D-363800		D-335314		D-335309		D-335310				D-335308				F-017700				D-335307				D-335336		D-335337										D-335303		D-335304		D-363805										D-335306		D-335305												D-335330				D-335338		D-335335								F-017689		F-017690				D-335328		D-335329				C-101053		C-101048		C-101042				C-101044		C-101041		C-101043		C-101051		C-101052		C-101050						C-101049								D-363801		D-335331				D-363762				D-504715		D-335317		D-504716		D-504714		D-504713		D-504717						D-335315		D-335316				D-335319		D-335318		D-363797				D-335321		D-335320				D-335322				D-363799		D-335325		D-335326				D-335324				D-335323												F-017692		D-335346		D-335345		D-363798		D-335347				D-349716		F-017677		F-017678																D-335332								D-335333		D-335334																		D-331865		D-331866																D-335339		D-335340																D-335341				F-017671		F-017672										D-349709		D-504720		D-504721		F-017656				F-017658						F-017659				D-349712				PD		PD				PD		PD												C-101037		C-101032				C-101046		C-101031		C-101045		D-349715		C-101030		C-101036		F-017657		C-101033		C-101029		C-101038		C-101034		C-101047		D-349711		D-349710		C-101039		C-101040				F-017660		F-017663		D-349714		F-017661		D-349713				F-017662		F-017665						F-017666				PD		PD				PD		F-017664		C-101035		F-017667				F-017680		F-017681				D-331871		D-331870		D-576589				D-504719		D-504718		F-017684

		Alteration						cc?				str chl		str chl		chl				alt								alt		alt								alt																																														alt										alt														alt				alt				alt		alt						alt						cc		alt		alt		cc				chl		chl, cc		cc		chl, cc		cc				cc				alt				alt		alt				alt		alt																alt		cc		cc				alt				alt						cc												alt																cc				alt														alt		alt				cc				alt				alt																		alt		alt								alt																alt		alt						alt				alt		alt																																																								cc		alt				alt				alt				chl		chl, ms		alt		chl		chl		alt		alt		chl		chl				str chl		chl		chl		str chl		str chl						chl		chl										alt				alt								alt						cc		alt								chl																												alt

		Mineralization

		Rock type		mbas		mbas		mbas				mdac?		mdac?		mdac?				mand		mand				mand		mand		mbas				mbas				mrhy		mbas		mbas		mbas		mbas				mrhy				mbas				mbas				mand		mand		mdac		mdac		mdac				mrhy		mbas		mbas				mbas		mbas				mbas		mbas				mrhy		mrhy		mdac				mbas				mand		mbas				mrhy		mrhy		mbas		mbas				mand		mand				mtuff		mbas		mbas		mbas		mbas		mbas		mbas		mdac		mand		mand		mbas				mrhy				mbas				mbas		mand				mrhy		mrhy		mdac		mbas		mdac		mdac		mdac		mdac		mbas		mbas		mand		mbas				mbas		mbas		mbas				mbas		mand				mbas				mbas		mbas		mand				mbas				mbas				mbas		mbas		mbas				mbas		mand		mbas		mbas		mand				mbas		mdac tuff		mdac tuff		mbas		mbas				mrhy		mrhy		mbas		mbas		mand				mrhy		mrhy		mand		mbas				mrhy		mrhy		mbas		mbas				mrhy				mbas		mdac				mbas				mrhy		mand		mand				mand		mand				mrhy		mbas		mbas				mrhy				mand				mand		mand				mrhy				mdac		mdac		mand		mand		mdac				mand		mand				mrhy		mrhy		mrhy				mrhy		mrhy		mrhy		mrhy		mrhy				mrhy		mrhy		mrhy				mrhy		mgph		mrhy		mrhy tuff		mgph		mrhy tuff		mrhy		mrhy		mrhy		mrhy		mrhy		mrhy		mrhy		mrhy		mrhy tuff		mrhy		mrhy		mrhy		mrhy				mand		mand		mand		mbas		mand		mbas		mbas		mbas				mbas		mbas		mbas		mbas		mbas				mrhy		mrhy		mrhy		mrhy				mrhy		mrhy				mbas?		mdac		mdac tuff				mrhy		mrhy		mdac				mrhy				qtz por				pumice-xl tuff

		Suite		Kirkland		Kirkland		Kirkland				Logan Wash		Logan Wash		Logan Wash				Jerome Cyn		Jerome Cyn				Jersey Lily		Jersey Lily		Jersey Lily				Little Cu Ck				Maverick Mtn		Maverick Mtn		Maverick Mtn		Maverick Mtn		Maverick Mtn				Spruce Mtn N				S Mt Union				Potato Patch				Goodwin		Goodwin		Goodwin		Goodwin		Goodwin				Lynx Ck		Lynx Ck		Lynx Lk				Walker N		Walker N				W Bannie		W Bannie				Poland Tunnel		Poland Tunnel		Poland Tunnel				N Big Bug				S Big Bug		S Big Bug				Mt Elliott		Mt Elliott, Chaparral		W Hackberry		W Hackberry				McCabe		McCabe				Iron King		Iron King		Iron King		Iron King		Iron King		Iron King		Iron King		Iron King		Iron King		Iron King		Iron King				Texas Gulch				Butternut				Hackberry		Hackberry				Bluebell		Bluebell		Bluebell		Bluebell		Bluebell		Bluebell		Bluebell		Bluebell		Bluebell		Bluebell		Bluebell		Bluebell				DeSoto		DeSoto Tank		DeSoto				Swastika		Swastika				Oro Belle				War Eagle		War Eagle		War Eagle				Ft Misery				Silver Mtn				Cleator NW (DeSoto Tank?)		Cleator NW (DeSoto Tank?)		Cleator NW (DeSoto Tank?)				Huron		Huron		Huron		Huron		Huron				Humboldt		Humboldt		Humboldt		Humboldt		Humboldt				Mayer		Mayer		Mayer		Mayer		Mayer				Cordes Jct		Cordes Jct		Cordes		Cordes				Townsend Butte		Townsend Butte		Townsend Butte		Townsend Butte				Golden Turkey				Howard Cu E		Howard Cu E				Bell Ranch				Binghampton		Binghampton		Binghampton				Copper Queen		Copper Queen				Stoddard		Stoddard		Stoddard				Yarber Wash				Tri-Metals				Munds Draw		Munds Draw				Indian Hills				Grapevine Gulch		Grapevine Gulch		Grapevine Gulch		Grapevine Gulch		Grapevine Gulch				Brindle Pup		Brindle Pup				Burnt Cyn		Burnt Cyn		Burnt Cyn				Qtz Por		Qtz Por		Qtz Por		Qtz Por		Qtz Por				Cleopatra		Cleopatra		Cleopatra				Deception		Dec granophyre		Deception		Deception		Dec granophyre		Deception		Deception		Deception		Deception		Deception		Deception		Deception		Deception		Deception		Deception		Deception		Deception		Deception		Deception				Gaddes		Gaddes		Gaddes		Gaddes		Gaddes		Gaddes		Gaddes		Gaddes				Shea		Shea		Shea		Shea		Shea				Buzzard		Buzzard		Buzzard		Buzzard				Tule Mesa		Tule Mesa				Tule Mesa		Tule Mesa		Tule Mesa				Tule Mesa		Tule Mesa		Tule Mesa				Bluebell								Texas Gulch

		Major elements (XRF)

		SiO2		50.20		48.70		45.10				75.20		74.60		71.80				44.30		42.90				50.00		47.40		45.30				54.40				77.60		51.50		51.40		51.00		49.10				70.20				48.80				57.80				66.00		65.40		64.40		64.10		62.70				74.50		52.60		46.60				51.20		51.00				62.40		57.30				78.50		73.60		62.40				61.70				62.70		62.50				75.40		70.30		52.30		49.60				49.40		49.10				60.00		52.20		52.10		52.00		51.70		50.70		49.30		48.90		48.80		48.50		48.38				64.00				53.80				51.70		49.40				85.00		75.10		68.70		59.90		57.70		57.70		56.90		51.60		50.40		47.80		47.80		43.60				59.50		48.60		47.80				54.90		34.70				49.40				49.40		49.30		42.40				49.70				47.90				50.70		44.90		44.90				56.40		54.60		50.80		49.60		49.10				55.20		52.70		48.70		47.60		45.90				75.20		72.10		51.70		49.40		45.50				75.30		73.60		52.70		51.80				79.80		76.10		51.60		50.30				77.60				49.90		49.60				50.20				80.70		56.80		49.60				50.50		47.90				77.70		53.10		46.90				71.10				48.70				50.20		48.00				77.30				65.50		64.00		57.40		55.50		54.30				64.10		62.60				72.80		69.60		62.90				78.29		77.00		74.60		74.60		72.80				75.60		75.00		73.90				79.50		79.30		78.90		76.70		76.60		76.50		76.10		75.20		74.80		74.50		73.70		73.50		71.10		70.30		70.10		68.10		67.70		66.80		54.90				69.20		67.20		66.70		64.00		63.70		54.80		52.40		48.90				54.40		51.30		51.00		49.88		44.02				75.90		74.90		74.10		72.90				72.80		72.50				62.60		61.00		62.20				75.10		76.60		74.20				82.10				69.20				78.7

		TiO2		1.17		0.98		1.32				0.14		0.14		0.32				0.87		1.11				1.24		0.95		2.30				1.79				0.21		1.34		1.36		1.28		0.71				0.32				0.75				1.57				0.39		0.39		0.45		0.42		0.46				0.15		0.34		0.88				0.67		2.40				0.44		0.45				0.17		0.20		0.72				0.61				0.40		0.38				0.17		0.41		0.61		2.06				1.00		0.99				0.87		0.79		1.79		0.94		2.10		2.45		2.20		0.56		0.72		0.70		1.76				1.00				0.68				0.64		0.78				0.05		0.14		1.49		0.93		2.16		2.14		2.02		1.67		1.00		0.72		1.02		1.72				0.95		2.12		0.68				2.64		1.19				1.11				1.62		1.51		1.05				1.11				2.19				1.40		1.40		1.60				0.67		1.22		0.79		1.08		1.07				0.55		0.93		0.69		1.20		1.00				0.15		0.35		1.00		1.90		0.81				0.25		0.44		0.39		0.50				0.20		0.10		0.50		0.90				0.34				0.74		0.56				1.10				0.18		0.77		0.34				0.53		0.56				0.11		0.98		0.30				0.31				0.72				0.73		0.97				0.14				0.57		0.61		0.73		0.85		0.91				0.59		0.64				0.34		0.40		0.58				0.20				0.26								0.13		0.07		0.17				0.19		0.19		0.22		0.17		0.20		0.18		0.20		0.20		0.23		0.20		0.22		0.20		0.28		0.24		0.14		0.35		0.22		0.23		0.84				0.63		0.57		0.56		0.67		0.80		1.00		1.16		0.90				2.20		2.33		2.50		0.20		0.10				0.32		0.37		0.19		0.23				0.24		0.23				0.62		0.50		0.46				0.21		0.19		0.14				0.14				0.25				0.23

		Al2O3		15.60		14.70		16.00				12.10		12.00		12.30				20.90		15.40				15.10		16.10		14.50				14.30				11.80		14.10		14.30		14.90		13.80				14.00				16.70				12.40				14.30		13.90		15.10		14.50		15.20				12.70		14.70		17.10				15.90		14.90				15.10		15.50				11.50		14.50		14.30				14.70				13.50		12.50				14.50		15.20		16.60		14.60				19.30		19.20				14.70		17.10		14.00		17.40		13.20		12.70		12.60		13.40		15.70		15.00		12.18				13.10				15.00				17.50		19.30				8.29		13.80		13.30		14.70		18.60		18.40		18.30		20.20		14.80		16.50		13.00		13.50				13.50		14.30		13.40				13.30		12.10				13.30				14.90		13.00		14.30				14.20				12.60				14.00		16.80		13.40				17.30		16.40		16.60		14.00		13.80				16.10		17.80		16.50		15.40		13.90				13.70		14.30		18.00		14.90		14.10				12.20		14.40		17.20		19.80				11.90		13.40		14.00		11.40				13.20				17.10		18.90				14.50				10.90		19.00		13.00				12.60		18.00				12.90		18.00		18.00				14.00				17.10				18.50		19.70				12.30				15.20		14.50		15.60		16.70		14.40				14.80		15.40				12.20		14.00		14.90				11.30		10.11		12.50		10.54		14.90				12.20		12.10		12.30				8.94		10.70		12.40		10.90		10.90		11.10		10.80		11.00		10.90		11.90		11.80		11.50		13.40		13.80		10.80		14.20		11.90		11.10		13.20				11.80		12.80		12.90		12.90		12.90		16.20		15.70		14.90				13.60		12.50		13.60		14.48		18.05				11.90		11.10		11.60		11.80				13.40		13.30				13.30		16.20		16.10				12.80		11.50		13.20				10.30				13.20				11.7

		Fe2O3																																																																2.60		2.70		0.76												3.10		4.50										1.60		0.90		1.90														1.60		1.40																				2.70														2.90								1.00												0.76														3.00		1.70																																										3.10		3.30		3.10																						3.50		2.00				0.68		1.10		1.20		3.40						0.56		0.60								0.50		0.70		3.20		2.60				0.19										3.10				0.17		1.80		1.40										1.10		2.50		3.70				0.50														0.46				3.00														1.70						1.80						0.59				1.60		1.71						0.80		0.51		0.71								1.40																																														2.40								5.90				3.20								1.30																																0.28				2.30				2.1

		FetO3		12.50		11.90		12.10				1.80		2.26		7.79				11.30		14.40				12.40		11.90		13.60				13.10				2.71		13.00		13.10		13.90		12.70				3.13				10.00				12.40				5.36		6.36										2.50		12.40		11.70										7.71		9.48												9.00				6.82		6.73								9.88		17.10				11.60		13.00				9.39		11.80		15.40				16.20		17.10		17.80		8.93		10.60		11.10						8.57								9.95		12.70				1.43				5.24		8.13		7.07		6.08		6.42		5.81						6.21		14.30				11.00		16.30		7.55				12.40		7.10				13.80				12.00		14.10		12.70				14.30				13.30												8.89		12.00		10.70		14.10		14.10				8.96		9.71		10.70																10.90								9.66		9.57																		11.30		9.43																11.30		11.90																12.40				10.50		11.60										7.90		9.06		9.71		13.50				7.48						3.47				7.67																								4.96		2.43				2.45		4.68		2.10		4.67		5.38		6.30		3.35		4.64		6.94		5.39		5.16		7.89		4.80		4.89		11.00		17.00				7.62		6.88		7.29		9.09		10.20				12.60		14.30						16.30												4.77		3.11		2.98				2.62		2.96				8.13		7.54		6.95				3.25		3.77		1.62

		FeOt																																																																																																																																																																																																																																																																																																																																																																																2.98		1.78						2.84

		FeO																																																																3.90		3.70		6.40												10.30		9.50										0.18		1.00		6.80														0.34		1.40																				8.20														10.44								8.70												1.40														7.70		9.00																																										9.70		10.10		8.90																						8.60		8.60				1.20		0.61		8.20		8.00						2.40		2.00								1.80		2.30		9.70		7.80				0.64										9.10				0.48		6.20		4.70										0.42		7.20		6.80				3.50														0.58				4.40														6.60						2.70										2.00		1.87						1.40		1.90		1.90								0.30																																														9.80								8.60				12.90		6.75		10.06				2.70																																0.20				2.80				0.15

		MnO		0.21		0.20		0.19				0.02		0.02		0.06				0.15		0.19				0.14		0.20		0.25				0.33				< 0.02		0.19		0.20		0.24		0.20				0.03				0.20				0.18				0.12		0.09		0.28		0.12		0.13				0.04		0.20		0.36				0.23		0.23				0.12		0.16						0.04		0.02				0.15				0.13		0.12				0.02		0.04		0.18		0.18				0.18		0.17				0.15		0.11		0.21		0.24		0.21		0.28		0.31		0.24		0.20		0.21		0.21				0.04				0.12				0.16		0.14				< 0.02		0.00		0.04		0.10		0.04		0.08		0.02		0.12		0.16		0.37		0.07		0.22				0.32		0.21		0.15				0.14		0.19				0.23				0.24		0.24		0.18				0.24				0.19				0.20		0.20		0.20				0.17		0.26		0.18		0.21		0.21				0.14		0.12		0.16				0.14						0.02		0.23		0.08		0.18				0.12		0.04		0.16		0.18						0.10		0.20		0.30				0.02				0.27		0.16				0.11						0.02		0.15				0.18		0.21						0.09		0.13				0.12				0.21				0.17		0.19				0.02				0.13		0.14		0.18		0.18		0.21				0.15		0.24				0.11		0.15		0.16								0.10								0.08		0.08		0.04				0.07		0.02		0.02		0.03		0.04		0.02		0.09		0.05		0.08		0.09		0.05		0.12		0.04		0.15		0.08		0.04		0.13		0.18		0.10				0.18		0.17		0.20		0.17		0.19		0.26		0.19		0.27				0.14		0.27		0.33								0.10		0.12		0.03		0.13				0.05		0.07				0.16		0.13		0.14				0.04		0.08		0.02				0.00				0.66				0

		MgO		6.09		7.34		3.80				3.71		3.95		0.98				4.97		7.09				7.68		5.21		4.70				3.50				2.19		5.53		5.65		5.13		7.20				0.97				7.10				2.94				4.20		2.18		2.50		2.30		3.40				1.54		5.84		7.84				4.70		4.20				1.71		3.78				0.35		0.42		2.90				1.67				2.55		3.20				0.10		0.40		3.71		4.23				3.13		4.03				2.94		4.58		4.34		4.50		3.76		3.17		2.47		4.43		5.07		5.66		3.67				0.58				5.60				3.11		3.85				0.47		2.40		1.97		4.47		2.13		2.82		3.12		2.67		8.30		5.70		3.35		6.25				5.06		5.83		5.27				3.26		4.92				7.09				6.15		6.92		7.13				8.32				8.83				6.30		6.50		9.90				3.96		2.81		5.18		7.54		7.56				4.30		2.95		4.88		6.60		5.60				1.90		0.29		6.30		4.90		6.30				0.47		0.59		5.41		3.68				0.30		0.10		7.30		9.40				0.48				4.55		4.92				6.90				0.30		4.10		3.50				8.71		6.20				0.70		5.70		6.50				1.50				5.97				3.00		3.12				0.10				1.30		1.54		3.96		3.79		4.01				1.49		2.10				0.69		0.84		1.67				0.87		0.20		0.66		0.58		1.80				3.70		0.10		2.00				1.57		1.55		0.36		2.45		1.73		1.35		1.49		2.62		2.01		0.54		3.58		2.04		3.06		3.41		5.38		1.13		0.44		4.55		7.34				1.26		1.10		3.14		2.52		1.93		3.70		3.42		4.05				4.00		4.23		3.50		7.24		7.96				0.43		0.47		1.16		0.34				0.51		0.49				1.05		1.60		1.59				0.24		0.38		0.38				0.17				1.50				0.42

		CaO		10.70		13.10		12.90				0.06		0.11		0.05				7.24		13.50				6.35		4.77		3.32				6.98				0.12		10.40		10.50		8.00		12.90				2.73				9.64				6.83				2.82		4.54		3.50		4.60		4.30				1.59		8.71		10.80				7.50		6.30				5.53		8.47				1.40		0.78		3.80				4.81				7.33		5.19				0.10		1.80		5.19		4.35				10.50		7.93				2.22		2.76		7.37		7.60		5.91		6.84		4.66		9.00		8.31		7.21		7.81				2.88				4.60				5.79		4.17				0.03		0.08		1.43		5.59		2.53		4.64		3.13		11.80		9.10		5.90		16.20		13.90				3.74		9.89		10.70				8.01		20.10				12.30				12.10		12.60		8.81				8.07				10.40				10.50		11.30		13.30				7.10		8.80		8.87		9.02		9.68				9.11		3.52		6.35		11.90		9.60				0.16		1.30		4.50		8.90		10.70				1.50		1.20		9.16		7.87				0.10		0.40		10.20		13.80				0.22				9.53		11.50				9.30				0.42		2.30		14.10				11.40		9.30				0.27		5.10		9.60				1.50				8.23				11.50		10.60				0.95				2.00		5.47		5.70		6.05		7.65				3.65		3.20				1.83		2.10		3.90				0.13		1.42		1.20		2.09		0.90				0.27		1.50		0.79				0.06		0.06		0.45		0.36		0.06		0.45		0.26		0.06		0.08		2.40		0.04		0.07		0.09		0.05		0.04		2.48		4.43		0.11		0.17				1.98		4.20		1.48		4.53		2.53		4.40		5.59		11.80				3.60		5.58		6.80		6.94		3.99				0.96		1.14		0.14		2.48				2.21		2.50				4.10		5.02		4.56				0.56		0.71		0.45				0.00				4.30				0.15

		Na2O		2.40		2.15		4.33				< 0.15		< 0.15		0.15				4.37		1.29				3.99		4.92		2.84				3.66				2.08		2.28		2.37		3.42		2.54				4.36				2.95				4.54				2.71		2.84		4.00		3.80		3.10				4.79		3.32		1.41				3.70		1.70				2.60		2.25				0.10		4.10		2.10				3.87				2.35		3.94				4.90		4.00		4.99		3.05				1.83		1.75				4.26		1.76		0.49		2.60		2.13		1.61		3.32		3.49		2.35		2.80		2.80				3.73				2.40				4.97		5.08				0.28		1.60		5.80		3.65		6.90		5.05		6.56		0.46		3.20		4.10		1.51		2.65				2.23		2.55		3.56				3.22		2.82				1.94				2.80		2.08		1.61				3.29				2.38				2.40		1.90		2.50				3.01		2.21		4.13		2.74		2.60				1.72		6.54		3.72		2.00		2.60				2.10		3.40		5.60		2.90		3.00				4.70		5.60		2.44		5.16				2.30		3.50		2.90		2.80				5.50				3.95		1.56				2.80				5.70		5.00		3.30				2.20		2.00				1.90		5.00		1.60				4.60				2.93				2.39		2.37				4.00				5.60		2.00		3.27		3.74		3.17				3.78		3.10				4.59		4.00		4.64				5.47		3.61		3.60		2.08		1.26				0.21		3.00		0.73				< 0.15		0.18		3.50		2.50		< 0.15		1.67		3.45		< 0.15		< 0.15		3.78		< 0.15		< 0.15		0.18		< 0.15		< 0.15		2.30		2.91		< 0.15		< 0.15				4.82		4.84		4.72		1.26		4.65		3.20		4.82		2.88				3.70		3.16		2.60		4.59		4.44				4.40		4.67		0.93		4.11				3.55		3.85				3.20		3.12		3.93				6.26		5.17		4.18				0.10				2.30				3.1

		K2O		0.36		0.24		0.31				3.12		2.95		2.63				0.35		0.10				0.04		0.47		0.02				0.29				0.83		0.40		0.41		0.41		0.22				1.51				1.60				0.37				1.87		1.87		0.76		0.52		1.80				0.38		0.24		1.05				0.69		0.04				2.31		1.14				3.50		3.00		2.80				1.32				0.46		0.06				1.60		4.00		0.06		0.35				0.45		0.79				0.41		1.99		< 0.02		0.45		0.20		0.02		0.06		0.04		0.37		0.09		0.11				1.47				0.10				0.34		0.37				2.12		2.10		0.73		0.07		1.78		1.50		1.03		2.09		0.14		0.15		0.78		0.20				1.53		0.13		0.39				0.25		1.22				0.29				0.43		0.26		1.79				0.13				0.69				0.20		0.50		0.40				0.60		0.35		0.38		0.13		0.12				0.48		0.38		0.49		0.14		0.01				2.30		4.30		0.17		0.01		< 0.02				1.20		0.22		1.00		0.41				2.20		2.40		0.20		0.40				0.07				0.43		0.90				0.08				0.11		0.46		0.04				0.06		< 0.02				3.30		0.04		0.01				0.22				0.10				0.47		0.85				3.00				1.30		1.90		1.22		0.64		0.77				1.81		2.70				0.92		1.50		0.71				0.73		1.08		2.60		1.90		2.38				2.30		2.90		4.90				1.63		2.26		1.80		1.33		2.19		3.77		0.66		1.98		1.86		1.54		2.15		1.98		2.43		2.76		1.09		3.31		2.11		0.97		0.13				0.32		0.21		0.04		1.13		0.87		0.36		0.56		0.08				0.28		0.22		0.14		1.14		2.45				1.20		0.68		6.10		1.61				2.51		1.97				1.57		1.41		1.43				0.67		1.38		4.27				5.90				1.60				2.1

		P2O5		0.16		0.10		0.35				< 0.05		< 0.05		0.05				0.06		0.11				0.10		0.37		0.40				0.23				< 0.05		0.24		0.25		0.19		0.07				0.10				0.29				0.49				0.07		0.07		0.20		0.20		0.23				0.07		0.31		0.08				0.11		0.26				0.22		0.13				0.03		0.02		0.22				0.21				0.08		0.07				0.02		0.08		0.18		0.37				0.16		0.15				0.26		0.15		0.35		0.17		0.35		1.25		0.98		0.13		0.14		0.13		0.30				0.24				0.11				0.24		0.26				< 0.05		0.04		0.36		0.29		0.58		0.50		0.95		0.45		0.13		0.38		0.17		0.13				0.10		0.19		0.42				0.29		0.12				0.10				0.20		0.16		0.12				0.09				0.22												0.19		0.21		0.25		0.09		0.09				0.18		0.27		0.20		0.19		0.08				0.02		0.05		0.15		0.17		0.27				0.02		0.12		0.14		0.16														0.02				0.20		0.13				0.07				0.03		0.21		0.09				0.11		0.13				0.02		0.13		0.10				0.10				0.18				0.15		0.16				0.02				0.20		0.27		0.21		0.24		0.21				0.22		0.22				0.08		0.15		0.23								0.06								0.04		0.02		0.01				< 0.05		< 0.05		0.03		< 0.05		< 0.05		< 0.05		0.07		< 0.05		< 0.05		0.05		< 0.05		< 0.05		0.05		< 0.05		< 0.05		0.13		0.07		< 0.05		0.14				0.18		0.23		0.16		0.22		0.41		0.28		0.26		0.20				0.40		0.73		0.70								0.02		0.07		< 0.05		0.06				0.07		0.07				0.25		0.14		0.17				< 0.05		< 0.05		< 0.05				0.03				0.02				0.05

		H2O+										2.80		2.70		2.70																																																		1.80		1.80		1.20												1.40		3.90										1.00		1.00		1.40														1.06		0.87														3.50		4.90		4.40		2.90		3.60		4.00		4.00		3.70		4.10		4.60		3.69				1.70				4.70												2.20														1.10		4.10																																																																						4.30				2.10		0.70		2.70		2.80						0.85		1.00																		0.76										1.90				0.51		3.30		2.60										1.40		1.70		3.70				2.50														0.33																														0.43		0.62				0.19		2.22				2.90		0.11		0.16				2.50		2.20				1.90		2.50		1.40				2.90		2.90				3.10		3.10		3.30		3.30		4.10						4.40		6.00																												3.79		4.84								1.40																												0.53				1.70				1.1

		H2O-																																																																																0.02		0.06										0.00		0.22		0.03																0.03																				0.13														0.14								0.09												0.14														0.05		0.12																																																																						0.04				0.22		0.03		0.13		0.06						0.05		0.03																		0.05										0.00				0.07		0.08		0.16										0.09		0.06		0.70				0.12														0.10																																										0.16		0.09		0.05																																																																																																										0.06				0.06				0.06

		CO2										0.02		0.01		0.05																																																		0.29		1.00		0.12												0.05		0.35										0.88		0.05		0.21														< 0.05		0.09														1.32		2.01		0.05		< 0.05		0.40		0.26		2.76		7.05		3.04		4.10		5.61				2.12				3.00												< 0.05														0.05		3.20																																																																						6.30				0.05		0.89		< 0.05		2.40						0.08		< 0.05																		< 0.05										0.41				< 0.05		< 0.05		6.90										< 0.05		< 0.05		1.80				< 0.05														0.18																														0.34		0.85				3.35						< 0.05		0.65		0.26				0.01		0.02				0.21		0.02		0.22				0.03		0.01				0.02		0.10		0.01		0.01		0.05						0.02		0.02																												5.37		4.29								0.02																												< 0.05				< 0.05				< 0.05

		S																																																																																0.02																																																																		0.36																																																																																																																																																																																																																																1.60				1.03		0.50

		F

		Cl

		LOI		0.71		0.71		4.01				2.85		3.02		2.65				5.86		3.71				3.20		7.95		3.70				0.64				2.38		1.36		1.27		1.30		0.80				2.24				0.84				0.72				1.86		2.16										1.11		1.06		2.40										1.74		1.59												1.40				3.79		5.16								5.72		3.32				2.49		3.23				4.17		6.01		3.48				3.29		2.98		5.27		9.98		6.54		8.05						3.58								5.37		4.48				1.94				0.77		1.71		0.29		0.48		1.10		3.04						9.89		4.22				1.70		0.44		9.83				1.76		15.70				0.39				0.40		0.34		9.80				0.65				1.40				1.00		2.50		1.30				0.99		1.54		2.10		1.66		1.37				3.06		4.52		6.94		2.20														8.72								1.98		1.24				0.50		0.50		0.10		0.10								1.61		2.54																3.00		4.41																3.24				2.08		2.02								0.95		1.49		2.78		2.75		0.49				1.44		1.80				2.15		2.70		2.07								1.20																2.06		2.19		0.92		1.98		2.35		1.56		1.54		2.57		2.45		0.89		2.94		2.49		2.97		3.14		3.46		2.31		4.56		3.74		5.32				1.01		1.05		2.27		2.18		1.32		2.00		2.72		1.30				3.10		2.59		2.00								0.86		0.95		1.42		2.56				1.00		0.96				4.73		3.44		2.08				0.83		0.44		0.49

		Less O

		TOTAL		100.10		100.12		100.41				98.97		98.74		98.88				100.37		99.80				100.24		100.24		90.93				99.22				99.92		100.34		100.81		99.77		100.24				99.59				98.87				100.24				99.70		99.80		99.78		99.76		99.80				99.37		99.72		100.22				99.59		99.34				99.88		100.25				99.21		99.83		99.60				99.44				100.11		99.85				99.81		100.02		99.42		99.21				100.04		100.34				100.02		100.15		100.50		99.83		99.76		100.38		100.46		99.87		99.40		100.10		100.36				99.43				99.90				99.77		100.53				99.61		99.76		99.83		99.54		99.78		99.39		99.55		99.91		99.13		99.74		100.00		100.69				99.63		100.56		99.75				100.17		100.16				99.95				100.24		100.51		99.89				100.10				100.10				99.50		99.40		99.50				99.28		100.40		99.98		100.17		99.70				99.80		99.44		99.33		99.33		100.07				99.78		99.44		99.88		99.82		100.48				99.70		99.84		100.24		100.37				99.60		99.60		99.90		99.80				99.09				99.58		100.20				99.57				99.57		100.04		99.88				100.59		100.61				99.91		99.60		99.84				100.07				99.78				99.69		99.58				99.48				100.15		99.82		100.11		100.15		99.62				99.51		100.30				99.18		99.94		99.43				101.33		98.27		100.38		99.94		99.60				99.79		98.03		97.92				99.43		98.91		100.30		99.00		98.92		98.76		99.33		99.42		99.17		99.24		99.30		99.55		99.33		99.18		99.67		99.15		99.36		99.36		99.84				99.00		99.25		99.46		98.67		99.50		98.40		99.42		99.58				99.92		99.21		99.27		100.38		100.20				100.09		99.24		98.78		99.20				98.96		98.90				99.71		100.10		99.61				99.96		100.22		98.95				99.81				99.89				99.86

		Calculations

		R1		2063		2100		1057								3909				1011		1986				1561		977		1605				1882				4160		2166		2122		1705		1980				2686				1559				1800				2851		2740		2505		2616		2444				3104		1948		2041				1553		2345				2487		2501				4323		2688		2500				2185				3051		2570				2852		2241		1434		1658				2218		2112				2129		2070				2114		2181		2309		1588		1769		2044		1918		1794				2353				2422				1333		1061				5027		3879		2175		2449		745		1492		1007		2596		1872		1380		2283		1514				2513		1838		1621				2077		816				2159				1853		2092		1489				1724				1795				2094		1799		1643				2306		2437		1539		1919		1938				2714		831		1522		2069		1816				3669		2535		1131		1901						2977		2778		2157		1269				3914		3179		1996		1956				3166				1518		2288				1971				3301		1662		1947				2271						3685		1463		2262				2931				1850				2102		1841				2994				1857		2894		2130		1953		1949				2300		2194				2907		2733		2168				2997		3493		2979		3689		3685				4359		3183		3441						4622		3541		3842				3562		3565						3169						3960						2815		2853								2614		2520		2559		3305		2111		2070		1302		1834				1800		1775		1937		1232		500				3095		3041		3095		2938				2928		2920				2446		2423		2226				2534		2842		2414				4036				3275				3586

		R2		1753		2054		1882				428		443		295				1431		2098				1357		1085		873				1201				353		1664		1684		1403		2008				615				1711				1120				791		867		795		891		927				496		1510		1880				1347		1175				973		1398				393		389		831				886				1176		959				300		511		1065		962				1657		1425				672		858		1278		1378		1078		1138		868		1445		1449		1346		1257				594				1064				1117		1016				189		398		512		1108		741		997		849		1791		1676		1238		2154		2062				916		1628		1669				1280		2632				1928				1892		1946		1577				1555				1798				1710		1861		2177				1295		1403		1532		1614		1681				1504		872		1245		1903		1577				380		434		1147		1488		1734				423		440		1586		1413				259		311		1728		2166				306				1581		1845				1622				274		822		1937				1899		1656				317		1181		1703				510				1512				1742		1675				348				577		946		1112		1163		1300				755		749				469		541		792				279		360		406		459		478				452		403		425				260		293		309		374		306		333		314		352		322		517		413		334		424		445		483		600		729		455		641				506		755		567		863		619		972		1076		1756				850		1052		1168		1386		1176				358		363		300		514				525		553				752		934		883				323		320		326				211				793				266

		Al / CNK		0.66		0.53		0.52								3.86				1.01		0.58				0.83		0.93		1.35				0.75				2.60		0.61		0.61		0.72		0.50				1.02				0.69				0.61				1.23		0.93		1.10		0.96		1.02				1.14		0.68		0.74				0.78		1.04				0.90		0.76				1.77		1.27		1.07				0.89				0.76		0.78				1.45		1.07		0.94		1.10				0.85		1.06				1.28		1.70				0.94		0.91		0.84		0.90		0.61		0.81		0.84		0.64				1.01				1.21				0.92		1.18				2.95		2.73		1.03		0.91		1.04		1.00		1.04		0.83		0.67		0.94		0.40		0.45				1.11		0.64		0.52				0.66		0.28				0.51				0.55		0.49		0.69				0.70				0.53				0.60		0.69		0.47				0.93		0.82		0.71		0.67		0.63				0.81		1.01		0.91		0.61		0.64				2.20		1.13		1.02		0.71						1.04		1.24		0.79		0.85				1.88		1.48		0.60		0.38				1.39				0.70		0.77				0.67				1.06		1.47		0.42				0.52						1.80		1.03		0.90				1.33				0.86				0.73		0.82				1.06				1.07		0.95		0.91		0.94		0.72				1.00		1.11				1.03		1.16		0.96				1.13		1.04		1.15		1.14		2.37				3.67		1.12		1.55						3.75		1.46		1.76				1.45		1.57						0.97						4.34						1.20		0.79								0.99		0.81		1.23		1.12		0.98		1.19		0.84		0.57				1.05		0.80		0.81		0.68		1.05				1.16		1.06		1.38		0.91				1.07		1.02				0.92		1.03		0.99				1.06		1.02		1.07				1.57				0.99				1.53

		Fe No. (wt %)		0.65		0.59		0.74				0.30		0.34		0.88				0.67		0.65				0.59		0.67		0.72				0.77				0.53		0.68		0.68		0.71		0.61				0.74				0.56				0.79				0.53		0.72		0.71		0.73		0.68				0.59		0.66		0.57				0.74		0.76				0.80		0.69				0.82		0.81		0.75				0.83				0.71		0.65				0.95		0.87		0.71		0.78				0.77		0.74				0.74		0.70		0.76		0.70		0.79		0.83		0.87		0.64		0.65		0.64		0.78				0.93				0.63				0.74		0.75				0.73		0.46		0.71		0.62		0.75		0.66		0.65		0.66		0.56		0.65		0.63		0.67				0.66		0.72		0.56				0.77		0.56				0.64				0.64		0.65		0.62				0.61				0.58				0.66		0.67		0.54				0.67		0.79		0.65		0.63		0.63				0.65		0.75		0.66		0.64		0.65				0.49		0.85		0.60		0.69		0.61				0.86		0.81		0.62		0.70				0.88		0.97		0.63		0.52				0.63				0.69		0.63				0.63				0.68		0.66		0.63				0.54		0.63				0.67		0.62		0.61				0.72				0.65				0.76		0.77				0.91				0.85		0.82		0.67		0.70		0.75				0.82		0.79				0.82		0.84		0.81				0.80				0.84		0.85						0.36		0.96		0.56				0.74		0.59		0.81		0.47		0.71		0.58		0.74		0.65		0.74		0.85		0.54		0.75		0.61		0.58		0.57		0.79		0.91		0.69		0.68				0.84		0.85		0.68		0.76		0.83		0.76		0.77		0.76				0.78		0.78		0.82		0.48		0.56				0.90		0.90		0.71		0.89				0.82		0.84				0.87		0.81		0.80				0.92		0.90		0.79				0.73				0.76				0.83

		Fe No. (atomic)		0.51		0.45		0.62				0.20		0.22		0.80				0.53		0.51				0.45		0.54		0.59				0.65				0.38		0.54		0.54		0.58		0.47				0.62				0.42				0.68				0.39		0.60		0.58		0.60		0.54				0.45		0.52		0.43				0.61		0.64				0.69		0.56				0.72		0.71		0.62				0.73				0.57		0.51				0.91		0.79		0.57		0.67				0.65		0.62				0.62		0.57		0.64		0.57		0.69		0.73		0.78		0.50		0.51		0.50		0.67				0.88				0.49				0.62		0.62				0.61		0.33		0.57		0.48		0.63		0.52		0.51		0.52		0.41		0.51		0.48		0.54				0.52		0.59		0.42				0.66		0.42				0.50				0.50		0.51		0.47				0.46				0.43				0.53		0.53		0.40				0.53		0.68		0.51		0.49		0.48				0.51		0.62		0.53		0.50		0.51				0.35		0.76		0.45		0.56		0.47				0.78		0.71		0.47		0.57				0.81		0.94		0.49		0.38				0.49				0.56		0.49				0.49				0.54		0.52		0.49				0.40		0.49				0.53		0.48		0.47				0.60				0.51				0.64		0.65				0.85				0.75		0.72		0.54		0.56		0.63				0.72		0.68				0.72		0.74		0.70				0.69		0.91		0.75		0.77		0.64				0.24		0.93		0.42				0.61		0.44		0.71		0.34		0.58		0.44		0.61		0.51		0.61		0.76		0.40		0.63		0.47		0.43		0.43		0.68		0.85		0.55		0.54				0.75		0.76		0.54		0.65		0.73		0.64		0.65		0.64				0.66		0.66		0.72		0.34		0.41				0.83		0.84		0.58		0.82				0.72		0.75				0.80		0.70		0.69				0.87		0.83		0.68				0.60				0.65				0.73

		K No. (wt %)		0.13		0.10		0.07								0.95				0.07		0.07				0.01		0.09		0.01				0.07				0.29		0.15		0.15		0.11		0.08				0.26				0.35				0.08				0.41		0.40		0.16		0.12		0.37				0.07		0.07		0.43				0.16		0.02				0.47		0.34				0.97		0.42		0.57				0.25				0.16		0.01				0.25		0.50		0.01		0.10				0.20		0.31				0.09		0.53				0.15		0.09		0.01		0.02		0.01		0.14		0.03		0.04				0.28				0.04				0.06		0.07				0.88		0.57		0.11		0.02		0.20		0.23		0.14		0.82		0.04		0.04		0.34		0.07				0.41		0.05		0.10				0.07		0.30				0.13				0.13		0.11		0.53				0.04				0.22				0.08		0.21		0.14				0.17		0.14		0.08		0.05		0.04				0.22		0.05		0.12		0.07		0.00				0.52		0.56		0.03		0.00						0.20		0.04		0.29		0.07				0.49		0.41		0.06		0.12				0.01				0.10		0.37				0.03				0.02		0.08		0.01				0.03						0.63		0.01		0.01				0.05				0.03				0.16		0.26				0.43				0.19		0.49		0.27		0.15		0.20				0.32		0.47				0.17		0.27		0.13				0.12		0.23		0.42		0.48		0.65				0.92		0.49		0.87						0.93		0.34		0.35				0.69		0.16						0.29						0.93						0.59		0.42								0.06		0.04		0.01		0.47		0.16		0.10		0.10		0.03				0.07		0.07		0.05		0.20		0.36				0.21		0.13		0.87		0.28				0.41		0.34				0.33		0.31		0.27				0.10		0.21		0.51				0.98				0.41				0.40

		K No (atomic)		0.09		0.07		0.04								0.92				0.05		0.05				0.01		0.06		0.00				0.05				0.21		0.10		0.10		0.07		0.05				0.19				0.26				0.05				0.31		0.30		0.11		0.08		0.28				0.05		0.05		0.33				0.11		0.02				0.37		0.25				0.96		0.32		0.47				0.18				0.11		0.01				0.18		0.40		0.01		0.07				0.14		0.23				0.06		0.43				0.10		0.06		0.01		0.01		0.01		0.09		0.02		0.03				0.21				0.03				0.04		0.05				0.83		0.46		0.08		0.01		0.15		0.16		0.09		0.75		0.03		0.02		0.25		0.05				0.31		0.03		0.07				0.05		0.22				0.09				0.09		0.08		0.42				0.03				0.16				0.05		0.15		0.10				0.12		0.09		0.06		0.03		0.03				0.16		0.04		0.08		0.04		0.00				0.42		0.45		0.02		0.00						0.14		0.03		0.21		0.05				0.39		0.31		0.04		0.09				0.01				0.07		0.28				0.02				0.01		0.06		0.01				0.02						0.53		0.01		0.00				0.03				0.02				0.11		0.19				0.33				0.13		0.38		0.20		0.10		0.14				0.24		0.36				0.12		0.20		0.09				0.08		0.16		0.32		0.38		0.55				0.88		0.39		0.82						0.89		0.25		0.26				0.60		0.11						0.21						0.90						0.49		0.32								0.04		0.03		0.01		0.37		0.11		0.07		0.07		0.02				0.05		0.04		0.03		0.14		0.27				0.15		0.09		0.81		0.20				0.32		0.25				0.24		0.23		0.19				0.07		0.15		0.40				0.97				0.31				0.31

		Minor elements

		Cl (ppm)

		F (ppm)

		HFS elements (as noted)

		Ba (XRF)		340		127		96												172		2820				40		368										226		198		226		476		78				376								219				612		469										220		200		287										734		537												430				342		40														481		331																																				156		158				170				55		16		142		172		72		640						66		46				403		27		102				78		138				53				35		26		166				43				376														182		333		40		22				191																				25								458		323																		575		518																80		24																185																694		485		420																539																																				479																		648		529												55				296																																						513		509						280		600

		Ba (ICP-MS)

		Ba (INAA)

		Ba (other)																																																																																																																																																		86

		Rb  (XRF)		< 10		13		< 2				29		31		33				5		8				< 2		12		12				7				38		9		2		10		5				52				46				5				47		48										2		7		32										44		40												29				16		< 2								5		4				14		25				15		45		12				8		11		6		5		11		12						34								18		17				23				21		6		53		41		24		36						26		< 2				57		7		11				16		33				7				9		2		40				< 2				5												21		12		10		< 2		4				24		12		10																3								21		12																		11		22																2		< 2																10				8		15										44		30		14		8				24						24				18																								17		39				20		29		30		12		38		24		18		27		24		31		30		30		58		32		22		27				6				< 2		25		17				9		7						18												13		56		27				26		17				21		27						< 10		12		53

		Rb  (ICP-MS)

		Rb (INAA)

		Rb (other)

		Sr  (XRF)		220		136		97								12				295		337				147		166		104				217				197		232		227		303		179				274				314				216				208		157										330		467		204										303		503												229				340		352								213		293				372		418				115		86		400				2		199		196		114		279		162						158								493		542				17				160		503		128		300		176		255						311		289				186		269		239				215		155				194				220		179		135				103				202												382		336		582		169		186				397		111		289																489								246		237																		336		425																404		499																642				239		202										314		330		590		321				181						94				286																								3		20				43		4		29		44		6				106		19		14		11		8		2		145		134		3						53		61		56		412		75				149		204						92												81		29		70				215		116				199		248						81		91		79

		Sr  (ICP-MS)

		Sr (INAA)

		Sr (other)

		Y  (XRF)		31		27		20				18		20		37				20		21				28		18		39				37				68		36		31		30		19				15				13				58				24		20										8		17		22										23		10												33				24		13								19		41				24		23				14		18		48				38		54		50		16		10		10						23								11		12				85				33		32		46		42		43		32						33		20				23		30		20				55		23				28				27		19		26				23				18												23		32		11		24		23				21		18		14																10								13		17																		18		9																8		< 2																14				18		19										43		29		28		4				50						34				44																								25		6				53		44		35		44		46		37		51		43		40		37		47		36		53		52		46		7				26		36		39		26		41				27		15						40												37		42		51				13		6				44		18						33		39		37

		Y  (ICP-MS)

		Y (INAA)

		Y (other)

		Zr  (XRF)		96		60		85				195		172		173				45		59				76		70		97				86				222		90		90		85		48				190				54				172				98		99										111		54		59										95		65												135				93		73								65		188				77		67				98		95		159				159		268		395		62		68		64						179								38		48				124				144		202		305		290		220		154						146		72				82		122		119				185		72				68				117		82		67				71				119												115		92		58		66		68				42		90		92																37								55		48																		41		31																29		14																34				60		55										142		88		106		39				126						130				135																								120		148				145		160		142		133		150		157		170		160		157		189		173		152		190		153		171		92				116		108		129		109		87				82		51						170												135		137		130				122		3				120		59						148		140		150

		Zr  (ICP-MS)

		Zr (INAA)

		Zr (other)

		Nb  (XRF)		< 10		11		12				11		8		10				< 10		< 10				< 10		< 10		3				2				16		< 10		< 10		< 10		< 10				13								< 10				10		< 10										< 10		< 10		< 10										< 10		< 10												< 10				< 10		< 10								2		5				< 10		< 10				2		7		12				6		10		14		2				8						11								< 10		< 10				17				11		17		22		22		17		14						10		< 10				< 10		11		< 10				24		< 10				11				14		< 10		< 10				< 10				13														< 10		< 10		< 10		< 10				< 10		4																		< 10								< 10		10																		< 10		< 10																< 10		< 10																< 10						4										< 10		10		< 10		5										9				< 10																								6		31				5		5		7		< 10		3				4		3		6		3		9		8		< 10		< 10		4		14				3		3		< 10		8		< 10						2						7												2		7						4		46				< 10		< 10						< 10		10		1

		Nb  (ICP-MS)

		Nb (INAA)

		Nb (other)

		Ta  (ICP-MS)

		Ta (INAA)

		Ta (other)

		Hf  (ICP-MS)

		Hf (INAA)

		Sc (XRF)

		Sc  (ICP-MS)

		Sc (INAA)

		Sc (other)

		Cs  (XRF)

		Cs  (ICP-MS)

		Cs (INAA)

		Cs (other)

		Light metals (as noted)

		B (ICP-MS)

		Be (ICP-MS)

		Be (other)

		Li (ICP-MS)

		Li (other)

		Ga (XRF)										16		16		15														17				19																																																																																		22		37														12				41		21		16		23				18						28																																																																																		22														28		27																																																																																						36																37																																								27						35		26				32		22				29		32		37		26		25														31				12						26		43						37												28				18				32		32																17

		Ga (ICP-MS)

		Ga (other)

		U, Th, LREE (as noted)

		U (XRF)

		U (ICP-MS)

		U (INAA)

		U (DN or other)		0.39		0.15		0.25				2.9				2.7				0.17		< 0.079				0.40		0.69										3.85		0.53		0.62		0.47		0.15				2.56				0.60				1.87				1.77		1.59										1.49		0.73		0.14										1.86		1.08												1.56				2.07		1.49										1.3				0.40		0.42						1.20								1.80		1.90																				0.27		0.37				3.62				0.61		1.02		1.80		1.51		1.25		0.87						1.30		0.27				0.54		0.17		2.66				0.47		0.65				0.14				0.21		< 0.091		< 0.097				< 0.097				0.35														0.66		0.98		< 0.11		< 0.10				0.80				0.9																0.23								0.68		0.65																		0.63		0.22																0.30		0.18																0.40				0.20												2.44		0.67		0.93						1.40						1.4				1.51																														1.8				2.0		1.55				1.8		2.1		1.9										2.15		2.23				1.0				1.0		1.00		1.30				0.84				0.4								1.70												1.1								2.5						1.97		1.21		1.59				0.94		2.23

		Th (XRF)

		Th (ICP-MS)

		Th (INAA)

		Th (DN or other)		2.00		< 1.2		< 1.2				6.4				4.0				< 1.2		< 0.91				1.20		1.50										6.85		1.70		1.60		1.80		< 1.1				7.35				0.30				3.60				3.90		4.38										4.90		3.30		1.60										4.40		2.60												1.60				3.00		1.50										2.3				1.70		1.30						3.00								3.50		4.50																				1.20		1.20				2.10				< 1.5		1.50		3.40		3.00		1.90		< 1.5						2.10		1.50				1.80		1.20		7.67				2.60		< 1.5				< 1.0				1.20		0.86		1.10				0.98				1.60														1.80		1.90		1.10		< 1.0				1.60				1.7																1.00								1.40		1.40																		1.60		0.89																0.80		0.93																0.70				0.70												3.70		< 1.5		2.10						2.50						2.6				3.20																														3.6				3.5		3.30				3.6		3.3		3.6										2.70		3.00				1.9				1.6		2.10		1.50				2.40				1.0								3.20												2.6								4.1						4.50		< 1.8		2.30				4.34		3.80

		La (XRF)		< 30		< 2		9												9		< 2				11		15										28		7		5		3		< 2				36								25				8		6										38		28		7										8		11												24				8		5														2		2																																				13		16				17				< 30		12		< 30		< 30		38		< 30						12		3				7		5		53				13		< 2				< 2				15		10		6				8				12														10		17		14		< 2				10																				20								23		5																		4		< 2																10		< 2																9																12		< 30		< 30																18																																				15																		23		11												15				10																																						20		13						< 30		< 30

		Ce (XRF)		< 30		4		24												< 2		9				15		24										70		36		28		20		7				39								58				15		25										63		63		6										51		17												46				27		26														21		10																																				14		21				36				< 30		39		38		57		66		44						49		15				20		24		126				32		4				< 2				35		4		2				7				22														25		30		22		7				32																				45								34		9																		21		3																< 2		12																19																39		31		43																52																																				40																		55		31												32				26																																						39		32						70		39

		Nd (XRF)

		Base metals (as noted)

		Cu (XRF)		69		62		69				37		8		162				48		113				149		76		201				30				9		38		38		110		47				6				9				52				< 2		29										< 2		8		< 2										19		9												22				2		50								58		34				45		56				31		51		9				10				62		72		100		103														126		134				56				19		49		73		62		13		28						30		122				< 2		52		120				36		129				141				7		< 2		57				40				13												14		193		22		129		128				82		109		47																74								37		140																		174		71																81		184																109				89		42										34		140		61		117				31										19																								34		27				22		19		2		5		31		6				32		52		11		81		20		7		13				31						12		3		42		7				40		48						11														14		17				8		44				35		3						< 10		< 10		30

		Cu (ICP-MS)

		Cu (INAA)

		Cu (other)																																																																																																																																																																																																																																																																																																																																																																																100								400																																																																												100		200

		Pb (XRF)										23		9		35																		12																				55																																																																										31				17				56		55		53		34		26		31						33																																																																																		44														28		16																																																																																				29																		20				22						14																												13		28				21		17		25				24		32		22		24				28		48		42						24		3				15		26				29						28		19						37												27		28		17						15																25

		Pb (ICP-MS)

		Pb (INAA)

		Pb (other)

		Zn (XRF)		94		64		88				45		50		84				84		86				81		151		144				125				88		109		113		106		76				57				116				71				98		60										38		98		118										73		58												73				100		82								61		98				114		113				120		105		177				566		153		174		226		130		123						194								104		112				27				106		100		138		260		178		63						102		86				111		104		76				90		87				113				112		117		105				207				78												114		74		77		99		83				81		90		64																87								77		94																		246		69																76		147																97				92		95										103		93		104		75				126						91				107																								117		44				72		25				85		39		33		49		98		230		63		422		223		93		123		148		10				123		111		160		118		127				122		86						54												109		63		54				40		37				118		90						18		51		39

		Zn (ICP-MS)

		Zn (INAA)

		Zn (other)

		Ni (XRF)		48		90		170												34		94				44		36		6				7				< 5		40		33		21		91				12				114				8				< 5		< 5										6		54		95										6		17												< 5				17		17								21		19				17		19																																				17		9				< 5				21		69		< 10		< 10		27		57						25		50				74		71		52				51		79				87				46		163		156				116				93												11		13		43		103		90				25		4		9																74								44		9																		41		20																71		40																20				11		15										7		27		21		8				< 2						< 2				< 5																																				< 5						3												< 5		10								< 2		< 2		6		< 2		6				6		12						< 2												3				4				< 2		2				6		< 5						< 10		< 10		2

		Ni (ICP-MS)

		Ni (INAA)

		Ni (other)

		Cr (XRF)		124		358		138												32		78				68		36		< 5				13				< 20		143		145		34		336				< 20				179				< 20				48		46										< 20		156		39										< 20		46												< 20				52		51								39		24				33		27																																				< 20		< 20				< 20				34		90		< 20		< 20		< 20		152						24		74				149		94		129				109		134				133				167		482		151				205				144												39		< 20		117		157		157				55		8		45																170								122		21																		21		114																379		68																43				47		52										< 20		42		33		29				< 5						< 5				< 20																																				< 20						< 5												< 20		< 20								< 5		< 5		< 20		< 5		< 20				13		40						< 5												< 5				< 5				< 5		< 5				< 20		< 20						< 20		< 20		< 5

		Cr (ICP-MS)

		Cr (INAA)

		Cr (other)

		Co (XRF)																												36				25																				29																																																														27		38																																																																																																																				18														25		25																																																																																				28		28																24				15						4																																														2																						14		11				12						36		25						29												3				< 2				4		6																< 2

		Co (ICP-MS)

		Co (INAA)

		Co (other)

		V (XRF)

		V (ICP-MS)

		V (INAA)

		V (other)

		Mo (XRF)										3		3		3														3				3																				3																																																														3		4										2		3		4				3		4		4		3		3		2						3																																																																																		3														4		3																																																																																				3		3																3				4						3																												3		337				3		3		3				3		3		3		3		3		3		3		2						3		3				3		3				3						6		3						3												4		3		3				3		12																3

		Mo (ICP-MS)

		Mo (INAA)

		Mo (other)

		Sn (XRF)																												< 5				< 5																				8																																																														< 5		< 5																																																																																																																				< 5														8		< 5																																																																																				< 5		< 5																< 5				< 5						< 5																																														5																						< 5		< 5				< 5						< 5		< 5						< 5												< 5				5				< 5		< 5																< 5

		Sn (ICP-MS)

		Sn (ICP-MS)

		Sn (other)

		W (XRF)																												< 5				< 5																				6																																																														5		< 5																																																																																																																				< 5														6		< 5																																																																																				< 5		< 5																< 5				< 5						8																																														5																						5		< 5				< 5						6		< 5						9												< 5				< 5				< 5		6																< 5





X mv2

		Decimal lat

		Decimal long

		30x60 quad

		7 1/2 quad

		Twp

		Rng

		Sec

		Elev

		Mag susc

		Scint

		Age		X		X		X		X				X		X		X		X		X		X		X		X		X				X		X		X		X		X		X		X		X		X		X				X		X		X		X		X				X		X		X				X				X		X				X				X		X		X		X				X		X				X				X		X		X		X		X				X				X		X		X				X		X		X				X		X		X		X				X				X		X		X		X		X				X		X		X		X		X		X		X				X		X				X		X		X		X		X		X				X		X		X				X		X		X		X		X		X		X		X				X				X		X		X		X				X		X		X				X				X		X		X		X		X				X		X		X		X				X		X				X		X		X				X		X		X		X		X		X		X		X		X				X		X		X		X				X		X				X				X		X		X				X		X				X		X		X		X		X				X		X		X		X		X		X		X		X				X		X		X		X				X				X		X				X		X		X		X		X				X		X		X		X		X				X		X		X		X		X				X		X		X		X		X				X		X		X		X

		Source		Vance 1989		Vance 1989		Vance 1989		Vance 1989				Vance 1989		Vance 1989		Vance 1989		Vance 1989		Vance 1989		Vance 1989		Vance 1989		Vance 1989		Vance 1989				Vance 1989		Vance 1989		Vance 1989		Vance 1989		Vance 1989		Vance 1989		Vance 1989		Vance 1989		Vance 1989		Vance 1989				Vance 1989		Vance 1989		Vance 1989		Vance 1989		Vance 1989				Vance 1989		Vance 1989		Vance 1989				Vance 1989				Vance 1989		Vance 1989				Vance 1989				Vance 1989		Vance 1989		Vance 1989		Vance 1989				Vance 1989		Vance 1989				Vance 1989				Vance 1989		Vance 1989		Vance 1989		Vance 1989		Vance 1989				Vance 1989				Vance 1989		Vance 1989		Vance 1989				Vance 1989		Vance 1989		Vance 1989				Vance 1989		Vance 1989		Vance 1989		Vance 1989				Vance 1989				Vance 1989		Vance 1989		Vance 1989		Vance 1989		Vance 1989				Vance 1989		Vance 1989		Vance 1989		Vance 1989		Vance 1989		Vance 1989		Vance 1989				Vance 1989		Vance 1989				Vance 1989		Vance 1989		Vance 1989		Vance 1989		Vance 1989		Vance 1989				Vance 1989		Vance 1989		Vance 1989				Vance 1989		Vance 1989		Vance 1989		Vance 1989		Vance 1989		Vance 1989		Vance 1989		Vance 1989				Vance 1989				Vance 1989		Vance 1989		Vance 1989		Vance 1989				Vance 1989		Vance 1989		Vance 1989				Vance 1989				Vance 1989		Vance 1989		Vance 1989		Vance 1989		Vance 1989				Vance 1989		Vance 1989		Vance 1989		Vance 1989				Vance 1989		Vance 1989				Vance 1989		Vance 1989		Vance 1989				Vance 1989		Vance 1989		Vance 1989		Vance 1989		Vance 1989		Vance 1989		Vance 1989		Vance 1989		Vance 1989				Vance 1989		Vance 1989		Vance 1989		Vance 1989				Vance 1989		Vance 1989				Vance 1989				Vance 1989		Vance 1989		Vance 1989				Vance 1989		Vance 1989				Vance 1989		Vance 1989		Vance 1989		Vance 1989		Vance 1989				Vance 1989		Vance 1989		Vance 1989		Vance 1989		Vance 1989		Vance 1989		Vance 1989		Vance 1989				Vance 1989		Vance 1989		Vance 1989		Vance 1989				Vance 1989				Vance 1989		Vance 1989				Vance 1989		Vance 1989		Vance 1989		Vance 1989		Vance 1989				Vance 1989		Vance 1989		Vance 1989		Vance 1989		Vance 1989				Vance 1989		Vance 1989		Vance 1989		Vance 1989		Vance 1989				Vance 1989		Vance 1989		Vance 1989		Vance 1989		Vance 1989				Vance 1989		Vance 1989		Vance 1989		Vance 1989

		Location		Smith Ravine		Smith Ravine		Smith Ravine		Lynx Ck				Smith Ravine		Smith Ravine		Lynx Ck?		Lynx Ck		Smith Ravine		Lynx Ck		Smith Ravine		Lynx Ck		Smith Ravine?				Benjamin Gulch		Smith Ravine		Smith Ravine		Smith Ravine		Smith Ravine?		Lynx Ck		Benjamin Gulch		Benjamin Gulch		?		Smith Ravine				Smith Ravine		Benjamin Gulch		Smith Ravine		Lynx Ck?		Smith Ravine				Hass Lk		Hass Lk		Hass Lk				Hass Lk				Benjamin Gulch		?				SW Iron King				SW Iron King		SW Iron King		SW Iron King		SW Iron King				Iron King		SW Iron King				Bluebell				Bluebell N		Bluebell N		Bluebell N		Bluebell S		Bluebell S				Bluebell S				Bluebell		Bluebell		Bluebell				E Stoddard		E Stoddard		Townsend Butte				Yarber Wash		Yarber Wash		Yarber Wash		Yarber Wash				Big Bug Ck?				Galena Gulch		Galena Gulch		Galena Gulch		Iron King mine		Iron King mine				Big Bug Ck		Big Bug Ck		Big Bug Ck		Big Bug Ck		Big Bug Ck		Big Bug Ck		Big Bug Ck				Galena Gulch		Iron King mine?				Big Bug Ck		Galena Gulch		Galena Gulch		Big Bug Ck		Big Bug Ck		Big Bug Ck				Big Bug Ck		Big Bug Ck		Big Bug Ck				S Goodwin		S Goodwin		S Goodwin		S Goodwin		S Goodwin		Wolf Ck		S Goodwin		Wolf Ck				Wolf Ck				Big Bug Ck		Big Bug Ck		Big Bug Ck		Big Bug Ck				Big Bug Ck		Big Bug Ck		Big Bug Ck				Big Bug Ck				S USLM 1577		S USLM 1577		S USLM 1577		S USLM 1577		S USLM 1577				Burnt Cyn		Burnt Cyn		Burnt Cyn		Burnt Cyn				Ash Cyn Spg		Ash Spg				Burnt Cyn		Burnt Tank		Burnt Cyn				Burnt Cyn		Burnt Cyn		Burnt Cyn		Burnt Cyn		Black Cyn		Burnt Cyn		Black Cyn		Burnt Cyn		Black Cyn				Hull Cyn		Hull Cyn		Hull Cyn		Hull Cyn				UVX		UVX				S USLM 1577				Gaddes Cyn		Gaddes Cyn		Gaddes Cyn				Gaddes Cyn		Gaddes Cyn				Yaeger Cyn		Yaeger Cyn		Yaeger Cyn		Yaeger Cyn		Yaeger Cyn				Lindberg sample		Gaddes Cyn		NE Fe King		Burnt Cyn		NE Fe King		Burnt Cyn		NE Fe King		Burnt Cyn				NE Fe King		NE Fe King		NE Fe King		NE Fe King				NE Fe King				UV		Yaeger Cyn				Where?		Where?		Where?		Where?		Where?				Hull Cyn		Hull Cyn		Hull Cyn		Hull Cyn		Hull Cyn				UV		UV		UV		UV		UV				UV		Verde Central		UV		UV		UV				Jerome		Jerome		Jerome		Jerome

		Map unit

		Field #		13grb8		13grb3		13grb4		13grb28				13grb1		13grb26		13grb31		13grb34		13grb25		13grb30		13grb27		13grb29		13grb13				14grb3		13grb10		13grb9		13grb19		13grb5		13grb33		14grb2		14grb1		13grr21		13grb20				13grb17		14grb10		13grb7		13grb32		13grb16				HLgrb6		HLgrb5		grb3				HLgrb2				14grr6		13grr14				10ika3				10ika1		10ika11		10ika10		10ika9				ika-rc		10ika8				Qika5				1 ika9		11ika8		11ika10		12ika2		12ika3				12ika1				Qikr2		Qikr7		Qikr4				Qqp1		Qqp2		12qp4				YMsma5		YMsma3		YMsma4		YMsma2				9sm46				10sma14		10sma12		10sma15		10smIK24		10smIK24				9sma6		9sma18		9sma13		9sma28		9sma17		9sma4		9sma23				10smb22		10smIK23				9smb40		10smb21		10smb20		9smb45		9smb42		9smb47				9smt39		9smt33		9smt35				15smt2		15smct3		15smct6		15smct5		15smt1		17smt3		15smct4		17smt4				17smt1				9smr5		9sma24		9smr26		9smr20				9smt30		9smr9		9smr8				9sm11				8bpa12		8bpa11		8bpa14		8bpa4		8bpa6				4bcd21		4bcd17		4bcd11		4bcd13				4bcd26		4bcd23				4bag9x		4bcd28		4bcd18				6br10		6br11		6br8		6br13		7br14		6br15		7br16		4br3		7br13				1du20		1du21		1du22		1ldc11				uvx-lj5		uvx-5j7				8dr10				7gab9		7gab5		7gab2				7gab3		7gab8				18ggt5		18ggt4		18ggt1		18ggt2		18ggt3				5QFP1		7QP1		2QP23		6QP6		2QP 16		6QP5		2QP22		4QP14				2sb9		2sb2		2sb20		2sb15				2sb5				19gb12		18gb6				D20		D21		D22		J5		D11				D36		D56		D41		D6		D4				P44		P8		P22		P39		P20				B43		VC		B1		9B11		3B11				CM-6		CM-7		CM-9		CM-8

		Lab #		3a		3a		3a		3a				3a		3a		3a		3a		3a		3a		3a		3a		3a				3a		3a		3a		3a		3a		3a		3a		3a		3a		3a				3a		3a		3a		3a		3a				3a		3a		3a				3a				3a		3a				4b				4a		4a		4a		4a				4a		4a				4b				4c		4c		4a		4a		4a				4a				4d		4d		4d				4d		4d		4d				2a		2a		2a		2a				4b				4a		4a		4a		4a		4a				4c		4c		4c		4c		4c		4c		4c				4b		4b				4b		4b		4a		4b		4b		4b				4c		4c		4c				4c		4c		4c		4c		4c		4c		4c		4c				4c				4c		4c		4d		4d				4d		4d		4d				4a				2b		2b		2b		2b		2b				2c		2c		2c		2c				2c		2c				2b		2d		2d				2d		2d		2d		2d		2d		2d		2d		2d		2d				2d		2d		2d		2d				2d		2d				2d				2c		2c		2c				2c		2d				2a		2a		2a		2a		2a				2d		2d		2d		2d		2d		2d		2d		2d				2b		2b		2b		2b				2b				2a		2a				2d		2d		2d		2d		2d				2d		2d		2d		2d		2d				2d		2d		2d		2d		2d				2d		2d		2d		2d		2d				2d		2d		2b		2a

		Alteration

		Mineralization

		Rock type		bas		bas		bas		bas				bas		bas		bas		bas		bas		bas		bas		bas		bas				bas		bas		bas		bas		bas		bas		bas		bas		rhy		bas				bas		bas		bas		bas		bas				bas		bas		bas				bas				rhy		rhy				bas				bas		bas		bas		bas				bas		bas				bas				bas		bas		bas		bas		bas				bas				rhy		rhy		rhy				rhy		rhy		rhy				basalt		basalt		basalt		basalt				bas				and		and		and		and		and				and		and		and		and		and		and		and				bas		bas				bas		bas		and		hi-Al bas		hi-Al bas		hi-Al bas				and		and		and				and		and		and		and		and		and		and		and				and				rhy		and		rhy		rhy				and		rhy		rhy				and				and		and		and		and		and				dac		dac		dac		dac				dac		dac				and		dac		dac				rhy		rhy		rhy		rhy		rhy		rhy		rhy		rhy		rhy				rhy		rhy		rhy		rhy				rhy		rhy				rhy				and		and		rhy				and		dac				basalt		basalt		basalt		basalt		basalt				rhy		rhy		rhy		rhy		rhy		43		rhy		rhy				bas-and		bas-and		bas-and		bas-and				bas-and				gb		gb				rhy		rhy		rhy		rhy		rhy				rhy		rhy		rhy		rhy		rhy				rhy		rhy		rhy		rhy		rhy				rhy		rhy		rhy		rhy		rhy				rhy		rhy		and		basalt

		Suite		Green Gulch - Mg rich		Green Gulch - Mg rich		Green Gulch - Mg rich		Green Gulch - Mg rich				Green Gulch - normal		Green Gulch - normal		Green Gulch - normal		Green Gulch - normal		Green Gulch - normal		Green Gulch - normal		Green Gulch - normal		Green Gulch - normal		Green Gulch - normal				Green Gulch - Na		Green Gulch - Na		Green Gulch - Na		Green Gulch - Na		Green Gulch - Na		Green Gulch - Na		Green Gulch - Na		Green Gulch - Na		Green Gulch - Na		Green Gulch - Na				Green Gulch - Peral		Green Gulch - Peral		Green Gulch - Peral		Green Gulch - Peral		Green Gulch - Peral				Green Gulch - Hass Lk		Green Gulch - Hass Lk		Green Gulch - Hass Lk				Green Gulch - Hass Lk Na				Green Gulch - rhy		Green Gulch - rhy				Fe King - hi Ti				Fe King		Fe King		Fe King		Fe King				Fe King - Na		Fe King - Na				Bluebell - hi Ti				Bluebell		Bluebell		Bluebell		Bluebell		Bluebell				Bluebell - Na				Bluebell - rhy		Bluebell - rhy		Bluebell - rhy				Qtz por		Qtz por		Qtz por				Spud Mtn - Yarber mine		Spud Mtn - Yarber mine		Spud Mtn - Yarber mine		Spud Mtn - Yarber mine				Spud Mtn - hi Ti				Spud Mtn - hi-Al		Spud Mtn - hi-Al		Spud Mtn - hi-Al		Spud Mtn - hi-Al		Spud Mtn - hi-Al				Spud Mtn - and		Spud Mtn - and		Spud Mtn - and		Spud Mtn - and		Spud Mtn - and		Spud Mtn - and		Spud Mtn - and				Spud Mtn bx - hi-Ti		Spud Mtn bx - hi-Ti				Spud Mtn - bx		Spud Mtn - bx		Spud Mtn - bx		Spud Mtn - bx		Spud Mtn - bx		Spud Mtn - bx				Spud Mtn -tuff		Spud Mtn -tuff Na		Spud Mtn -tuff Na				Spud Mtn -tuff		Spud Mtn - xl tuff		Spud Mtn - xl tuff		Spud Mtn - xl tuff		Spud Mtn -tuff		Spud Mtn -tuff		Spud Mtn - xl tuff		Spud Mtn -tuff				Spud Mtn - tuff Na				Spud Mtn - rhy		Spud Mtn - rhy		Spud Mtn - rhy		Spud Mtn - rhy				Spud Mtn - rhy peral		Spud Mtn - rhy peral		Spud Mtn - rhy peral				Spud Mtn - dike? - Tert?				Brindle Pup		Brindle Pup		Brindle Pup		Brindle Pup		Brindle Pup				Burnt Cyn		Burnt Cyn		Burnt Cyn		Burnt Cyn				Burnt Cyn - Na		Burnt Cyn - Na				Burnt Cyn? agglomerate		Burnt Cyn		Burnt Cyn - Na				Buzzard		Buzzard		Buzzard		Buzzard		Buzzard		Buzzard		Buzzard		Buzzard		Buzzard				Deception - upper		Deception - upper		Deception - upper		Deception - Cleopatra				Deception - UVX		Deception - UVX				Deception - south				Gaddes		Gaddes		Gaddes				Gaddes - Na		Gaddes - Na				Grapevine Gulch		Grapevine Gulch		Grapevine Gulch		Grapevine Gulch		Grapevine Gulch				Qtz por		Qtz por		Qtz por		Qtz por		Qtz por		Qtz por		Qtz por		Qtz por				Shea		Shea		Shea		Shea				Shea - Na				gb		gb				Deception - fresh		Deception - fresh		Deception - fresh		Deception - fresh		Deception - fresh				Deception - zone 3		Deception - zone 3		Deception - zone 3		Deception - zone 3		Deception - zone 3				Deception - zone 2		Deception - zone 2		Deception - zone 2		Deception - zone 2		Deception - zone 2				Deception - chl sch		Deception - chl sch		Deception - chl sch		Deception - chl sch		Deception - chl sch				Coca Mines		Coca Mines		Coca Mines - core		Coca Mines - core

		Major elements (XRF)

		SiO2		42.84		47.81		46.31		51.40				44.47		49.36		51.80		51.95		52.03		52.63		52.88		53.70		58.60				44.69		47.49		51.97		52.38		53.14		53.76		58.61		58.74		59.04		61.42				61.49		58.86		48.21		45.77		56.54				50.26		53.71		53.95				55.26				70.54		74.02				50.67				49.57		54.15		54.25		55.18				49.72		51.25				53.60				54.02		52.48		46.40		48.57		49.97				50.65				78.03		83.83		89.38				76.32		77.21		81.91				48.80		47.75		52.43		50.56				50.24				50.51		50.50		51.08		47.61		49.14				62.52		65.27		61.98		66.91		66.05		67.43		67.57				50.54		51.75				51.03		52.71		53.24		51.35		51.68		51.11				57.62		62.63		59.68				62.11		60.80		60.00		64.00		63.42		63.58		64.00		62.72				57.47				69.25		69.30		77.99		77.22				77.87		78.68		81.33				47.91				56.73		63.73		64.52		61.82		69.61				65.61		65.05		64.49		64.99				64.34		63.41				72.11		72.44		82.03				72.00		69.98		79.34		72.83		74.34		73.90		74.91		82.65		77.91				77.70		76.27		78.84		78.57				75.51		79.38				70.95				63.50		66.68		73.66				63.74		73.86				55.65		55.13		54.27		53.70		53.26				67.84		76.02		75.19		76.14		77.61		75.92		80.49		81.45				52.61		51.76		54.34		53.37				56.99				49.72		47.14				77.70		76.27		78.84		75.51		78.57				75.68		77.46		74.22		76.73		77.52				80.28		75.63		75.83		81.22		81.26				28.20		26.65		28.17		26.23		26.06				74.64		73.12		53.19		47.50

		TiO2		0.65		0.77		0.77		0.68				0.76		0.90		1.34		1.50		0.93		1.01		1.03		1.00		1.08				1.19		1.08		1.01		1.19		1.09		0.57		0.81		0.33		0.59		0.73				1.13		1.60		1.11		1.17		0.85				1.34		1.32		1.22				1.24				0.38		0.48				2.40				0.78		0.74		0.72		0.72				0.67		0.75				1.80				1.28		1.19		1.14		1.11		1.08				1.15				0.11		0.01		0.06				0.15		0.14		0.06				0.70		0.67		0.59		0.53				2.61				1.03		1.02		1.02		0.81		0.80				0.84		0.78		0.77		0.77		0.75		0.73		0.71				1.92		1.76				1.52		1.45		1.14		1.01		0.95		0.89				0.85		1.04		0.76				0.42		0.42		0.39		0.38		0.37		0.36		0.35		0.33				0.35				0.74		0.67		0.13		0.09				0.19		0.16		0.14				0.58				0.98		0.61		0.61		0.58		0.48				0.66		0.59		0.57		0.57				0.58		0.54				0.72		0.26		0.17				0.40		0.36		0.30		0.30		0.27		0.24		0.23		0.21		0.21				0.30		0.29		0.26		0.14				0.21		0.15				0.37				0.72		0.67		0.40				0.68		0.20				0.97		0.94		0.83		0.75		0.34				0.22		0.19		0.19		0.18		0.16		0.15		0.15		0.11				2.41		2.40		2.16		2.13				2.04				0.48		0.47				0.30		0.29		0.26		0.21		0.14				0.17		0.16		0.16		0.15		0.13				0.15		0.13		0.13		0.12		0.10				0.52		0.27		0.26		0.23		0.21				0.18		0.18		1.80		1.04

		Al2O3		9.49		11.56		11.48		14.60				13.36		15.24		13.78		13.42		15.36		15.14		14.55		15.22		13.09				16.61		18.82		17.88		15.38		15.81		16.40		15.42		15.41		17.40		14.12				15.39		14.97		18.33		16.81		15.15				14.20		14.12		13.59				13.93				14.90		11.64				12.84				16.18		16.74		16.27		15.08				19.16		17.43				15.86				15.00		15.45		15.91		14.87		14.90				15.65				11.79		7.32		7.00				11.62		10.90		10.47				16.03		16.22		16.61		15.51				12.29				17.02		17.15		17.35		18.02		17.47				15.38		13.97		14.03		13.74		13.57		13.43		13.62				13.02		13.42				13.21		14.55		15.64		18.39		17.91		18.16				16.15		15.08		17.22				14.36		15.21		14.67		14.42		14.21		14.08		14.48		13.08				14.08				13.60		12.84		12.13		12.03				12.38		11.81		10.22				9.20				15.91		15.55		14.94		15.69		13.14				14.57		14.87		14.58		14.62				14.16		15.07				10.26		13.48		9.70				12.74		11.26		9.54		12.89		11.52		12.62		11.96		9.23		10.85				12.10		12.76		11.32		11.81				12.57		9.90				13.65				13.56		12.69		10.91				13.96		12.30				15.53		14.93		15.10		16.67		15.02				11.43		12.08		12.27		11.71		11.40		11.54		11.47		9.99				12.95		12.68		13.08		13.01				13.43				15.31		13.70				12.10		12.80		11.30		12.60		11.80				13.20		11.20		13.00		11.10		11.40				9.10		13.90		8.20		9.70		6.80				23.40		21.10		23.00		23.40		23.80				12.64		13.14		15.38		14.10

		Fe2O3

		FetO3		10.89		10.46		9.76		9.43				10.49		8.75		14.10		15.18		8.16		11.34		12.72		11.07		10.42				10.01		10.85		9.30		13.96		13.14		10.92		7.48		7.70		7.80		6.76				9.50		10.59		12.28		15.25		9.50				15.30		13.30		13.54				13.38				4.36		4.13				15.84				10.73		10.67		10.48		9.81				8.38		10.02				8.91				10.50		9.98		13.84		13.61		12.03				12.92				2.17		2.72		0.22				2.04		1.94		1.88				12.04		12.12		11.08		10.99				16.85				13.12		13.04		12.94		11.91		11.90				8.07		7.93		9.28		7.09		7.41		7.21		7.33				15.98		14.54				16.00		14.47		13.54		12.83		12.41		11.74				10.20		7.61		7.29				7.13		8.17		7.85		6.38		7.26		6.22		6.75		5.91				6.40				6.93		6.91		1.65		1.28				2.15		2.14		1.55				10.73				11.50		7.42		8.12		7.16		6.04				6.73		6.66		7.91		7.59				7.96		7.16				7.13		3.38		2.05				5.23		6.02		3.09		4.79		3.21		4.20		4.33		2.32		3.49				2.24		2.41		2.12		2.06				2.21		2.07				4.80				9.64		8.61		5.37				8.75		4.13				12.70		12.51		11.90		12.06		12.37				4.66		2.71		3.28		2.95		1.45		2.91		0.84		1.64				16.70		17.93		15.13		15.80				13.87				11.54		12.40				2.20		2.40		2.10		2.20		2.10				2.30		3.30		2.50		4.10		2.00				3.90		2.10		7.40		3.90		5.40				16.10		23.70		20.70		21.70		23.30				3.19		3.98		14.37		14.13

		FeOt

		FeO

		MnO		0.25		0.22		0.24		0.21				0.16		0.13		0.24		0.24		0.13		0.20		0.28		0.20		0.15				0.21		0.19		0.16		0.17		0.12		0.18		0.11		0.09		0.06		0.07				0.07		0.14		0.17		0.23		0.14				0.27		0.20		0.24				0.21				0.10		0.06				0.27				0.16		0.18		0.19		0.16				0.12		0.17				0.09				0.11		0.14		0.16		0.19		0.17				0.17				0.01		0.02		0				0.02		0.02		0.01				0.22		0.26		0.15		0.26				0.30				0.24		0.23		0.23		0.20		0.20				0.13		0.14		0.12		0.07		0.11		0.11		0.08				0.28		0.23				0.18		0.25		0.21		0.32		0.27		0.22				0.14		0.12		0.09				0.18		0.18		0.19		0.12		0.19		0.09		0.13		0.11				0.15				0.12		0.11		0.02		0.03				0.01		0.03		0.02				0.26				0.23		0.12		0.15		0.12		0.09				0.14		0.13		0.16		0.13				0.17		0.16				0.11		0.06		0.01				0.11		0.17		0.09		0.11		0.12		0.10		0.10		0.04		0.08				0.02		0.01		0.01		0.01				0.06		0.05				0.09				0.22		0.15		0.09				0.21		0.10				0.20		0.18		0.17		0.17		0.17				0.10		0.05		0.06		0.07		0.04		0.07		0.03		0.05				0.278		0.242		0.20		0.241				0.14				0.19		0.19				0.02		0.01		0.01		0.06		0.01				0.02		0.08		0.02		0.08		0.02				0.01		0.01		0.04		0.02		0.03				0.07		0.18		0.10		0.12		0.12				0.03		0.04		0.25		0.22

		MgO		13.57		11.03		9.74		9.40				6.89		3.60		5.25		4.61		2.55		5.41		5.90		5.44		2.21				3.63		4.63		5.37		6.06		2.92		4.55		2.33		2.28		2.01		2.19				2.73		3.15		4.78		7.38		2.34				5.13		4.27		4.45				3.79				0.69		0.49				3.65				3.99		3.75		3.64		4.11				3.45		4.06				2.44				5.72		6.06		7.19		6.85		7.30				6.96				2.39		2.99		0.20				0.41		0.29		0.30				7.02		8.09		5.57		6.44				3.99				4.02		4.10		3.97		5.30		4.98				1.61		1.81		2.75		1.39		1.72		1.63		1.69				4.37		4.03				3.77		4.13		3.23		3.09		3.41		3.93				3.66		3.30		2.75				4.35		4.07		3.23		2.81		3.22		3.09		2.59		2.65				3.26				0.75		1.07		0.14		0.25				0.56		0.82		0.55				12.98				2.78		1.44		1.86		1.87		1.89				1.05		0.94		1.25		1.39				1.40		1.37				1.04		0.91		0.10				1.51		0.41		0.23		0.97		0.35		1.20		0.83		0.45		0.86				0.10		0.05		0.19		0.38				0.42		0.26				1.16				1.61		1.21		0.83				1.29		0.62				2.98		3.30		2.62		3.36		3.56				2.02		0.32		1.23		0.94		0.30		0.93		0.10		0.34				3.11		3.60		3.42		4.12				2.91				8.55		11.23				0.10		0.05		0.19		0.42		0.38				1.90		3.18		1.19		3.22		1.35				2.11		2.22		5.12		1.72		4.05				21.92		17.83		17.71		18.09		17.59				1.23		1.13		3.68		7.58

		CaO		11.24		9.85		9.13		9.92				10.33		8.62		8.48		8.76		7.59		7.80		8.44		8.37		5.23				8.80		5.12		6.47		3.04		4.48		6.42		3.84		4.00		2.02		4.43				2.05		1.93		7.72		7.23		3.76				8.55		6.43		7.64				5.19				2.06		1.14				8.10				6.88		8.31		8.76		5.15				6.01		6.82				7.62				8.68		9.26		12.94		9.82		8.78				6.21				0.26		0.07		0.03				1.07		1.56		0.15				9.52		9.18		8.87		8.58				7.94				8.08		8.21		8.05		9.77		8.43				4.33		4.10		3.23		3.23		3.43		2.58		2.56				8.40		8.01				5.46		7.12		8.70		9.03		8.55		10.09				4.39		3.22		3.38				3.94		4.43		6.03		3.47		4.14		3.58		5.54		4.50				6.16				2.25		2.94		1.25		0.79				0.76		0.36		0.94				13.82				6.50		4.40		4.29		4.57		3.27				2.97		3.34		2.86		3.74				3.54		2.43				3.51		2.02		0.34				0.44		3.86		1.37		0.74		2.31		0.67		0.80		0.23		0.65				1.63		1.23		1.01		0.97				1.38		1.83				2.18				5.83		4.52		1.64				4.93		1.95				4.65		6.42		7.62		6.52		7.36				2.52		1.05		0.42		0.35		0.99		1.12		0.11		0.34				6.64		5.94		6.21		6.98				5.39				9.32		9.84				1.63		1.23		1.01		1.38		0.97				0.32		0.03		1.30		0.04		0.40				0.04		0.27		0.01		0.01		0.01				0.02		0.22		0.01		0.01		0.01				0.91		0.76		3.19		10.92

		Na2O		0.38		1.54		1.40		2.57				2.37		2.53		3.17		2.60		3.34		3.40		3.12		3.18		3.12				5.63		5.60		3.90		4.07		5.43		5.54		5.17		4.50		5.37		4.47				1.56		3.08		2.20		2.03		3.51				1.98		3.66		4.34				6.16				3.44		4.23				3.17				3.42		2.15		2.01		3.26				4.92		4.56				3.37				2.35		3.43		1.56		3.90		3.39				5.60				1.74		0.03		0.19				1.12		1.90		2.35				1.78		2.48		2.43		1.28				2.97				2.54		2.63		2.63		1.85		2.63				3.07		3.32		2.01		3.53		3.62		4.06		3.54				2.89		2.90				2.92		2.11		2.68		2.19		2.48		2.45				2.29		4.16		5.32				2.78		3.21		2.50		4.28		3.22		4.04		2.87		4.08				5.16				4.46		1.86		5.00		4.53				1.02		0.59		1.97				1.77				3.71		3.76		3.21		3.20		2.29				4.25		4.12		4.08		3.54				4.75		6.11				2.74		3.19		4.50				5.78		0.91		4.11		4.86		5.01		5.94		5.09		2.76		4.51				4.05		4.36		5.44		4.11				4.03		4.30				3.05				2.19		1.60		2.27				5.02		4.82				4.13		2.86		2.81		3.44		3.39				3.82		4.61		5.68		3.71		5.65		3.00		6.06		2.67				3.38		4.00		3.75		2.13				4.65				2.13		1.08				4.05		4.36		5.44		4.03		4.11				2.62		0.03		0.59		0.07		1.69				0.13		0.17		0.12		0.03		0.03				0.03		0.03		0.03		0.03		0.03				3.86		5.22		3.48		1.77

		K2O		0.17		1.31		0.03		0.41				0.01		1.34		0.74		0.81		1.36		1.00		0.35		0.79		1.55				0.18		1.03		0.31		0.11		0.43		0.96		1.27		1.83		1.73		1.10				2.95		1.65		0.93		1.24		3.31				1.56		1.60		0.44				0.39				2.07		2.45				0.23				0.54		0.28		0.27		0.83				0.67		0.08				1.88				0.11		0.16		0.13		0.19		0.42				0.08				1.15		1.07		1.90				4.80		3.58		1.82				2.00		1.22		0.87		3.70				1.03				0.57		0.74		0.52		0.27		0.25				2.30		1.70		2.99		1.94		1.68		1.34		2.34				1.29		0.03				1.42		1.42		0.62		0.59		0.31		0.40				2.31		0.38		1.94				1.20		0.78		0.93		0.86		0.64		0.80		0.82		0.94				0.20				0.85		2.84		1.22		2.63				3.36		3.10		1.68				0.68				0.91		1.28		0.81		2.45		1.91				2.11		2.31		2.05		1.32				0.21		0.40				1.32		2.18		0.46				0.23		2.90		0.91		1.80		0.74		0.37		0.87		1.61		0.43				1.33		1.22		0.14		1.28				1.77		0.97				2.72				0.10		1.75		1.83				0.24		1.19				1.31		0.92		0.66		0.58		0.54				1.48		1.21		0.18		2.45		0.51		2.74		0.29		2.34				0.53		0.15		0.46		1.15				0.23				0.77		0.30				1.33		1.22		0.14		1.77		1.28				1.90		2.24		4.56		1.96		3.79				1.56		3.24		0.22		1.90		0.35				0.01		0.01		0.01		0.05		0.01				1.56		1.32		0.27		0.40

		P2O5		0.26		0.19		0.29		0.11				0.19		0.24		0.12		0.16		0.26		0.20		0.16		0.20		0.32				0.20		0.36		0.32		0.17		0.29		0.10		0.16		0.16		0.14		0.15				0.16		0.16		0.25		0.14		0.56				0.27		0.27		0.20				0.21				0.09		0.10				0.98				0.13		0.14		0.14		0.14				0.11		0.14				0.48				0.36		0.35		0.08		0.10		0.09				0.10				0.01		0.03		0.01				0.01		0.01		0.03				0.20		0.19		0.19		0.14				1.10				0.13		0.12		0.13		0.14		0.12				0.30		0.26		0.25		0.19		0.26		0.25		0.14				0.28		0.29				0.32		0.36		0.18		0.18		0.15		0.15				0.18		0.39		0.21				0.08		0.08		0.08		0.09		0.08		0.08		0.08		0.07				0.08				0.17		0.15		0.01		0.01				0.02		0.01		0.01				0.19				0.32		0.21		0.20		0.16		0.17				0.22		0.19		0.18		0.19				0.19		0.19				0.42		0.05		0.02				0.07		0.06		0.06		0.07		0.06		0.03		0.03		0.03		0.03				0.08		0.08		0.08		0.04				0.05		0.04				0.09				0.19		0.18		0.08				0.19		0.05				0.24		0.22		0.19		0.16		0.17				0.04		0.02		0.01		0.02		0.02		0.01		0.01		0.01				0.729		0.624		0.70		0.677				0.46				0.13		0.09				0.08		0.08		0.08		0.05		0.04				0.04		0.04		0.04		0.04		0.04				0.01		0.04		0.01		0.02		0.02				0.02		0.02		0.04		0.05		0.03				0.05		0.04		0.71		0.13

		H2O+

		H2O-

		CO2

		S

		F

		Cl

		LOI		9.19		2.98		10.46		1.49				10.57		9.47		0.97		0.64		8.08		1.50		0.90		1.00		3.79				9.15		5.38		3.33		3.41		3.84		0.78		4.50		4.61		3.17		4.54				2.66		3.41		3.44		2.60		3.74				0.84		0.84		0.30				0.24				1.51		1.23				1.85				7.93		3.48		3.59		4.96				6.54		4.93				3.69				1.65		1.57		1.20		0.76		1.47				0.90				2.21		1.98		1.01				2.14		2.37		1.07				1.74		1.79		1.33		1.65				0.75				2.43		2.36		2.45		4.02		4.48				1.00		1.01		1.81		0.63		0.97		1.17		0.79				0.96		3.49				3.95		1.11		1.27		1.33		1.96		1.49				2.34		1.91		1.36				3.05		2.75		3.65		2.81		2.96		3.95		2.29		5.30				6.52				1.06		1.00		0.49		0.83				1.58		2.01		1.33				2.20				0.73		2.36		1.62		2.96		1.04				1.25		1.27		2.10		1.62				2.44		2.98				1.16		1.69		0.53				1.23		4.36		0.98		0.92		2.33		1.08		1.27		0.87		1.34				1.24		0.81		0.46		1.29				2.03		1.96				1.33				1.93		1.67		3.45				1.33		1.02				2.03		2.52		3.31		2.75		3.79				5.97		1.63		1.30		1.25		1.65		1.74		0.43		1.27				1.21		1.21		1.12		1.40				1.05				2.73		3.77				1.24		0.81		0.46		2.03		1.29				2.03		2.60		2.83		2.80		1.59				2.08		2.71		3.22		2.07		2.41				10.58		10.03		9.52		9.73		9.46				1.80		1.30		4.17		2.40

		Less O

		TOTAL		98.93		97.72		99.61		100.22				99.60		100.18		99.99		99.87		99.79		99.63		100.33		100.17		99.56				100.30		100.55		100.02		99.94		100.69		100.18		99.70		99.65		99.33		99.98				99.69		99.54		99.42		99.85		99.40				99.70		99.72		99.91				100.00				100.14		99.97				100.00				100.31		100.59		100.32		99.40				99.75		100.21				99.74				99.78		100.07		100.55		99.97		99.60				100.39				99.87		100.07		100.00				99.70		99.92		100.05				100.05		99.97		100.12		99.64				100.07				99.69		100.10		100.37		99.90		100.40				99.55		100.29		99.22		99.49		99.57		99.94		100.37				99.93		100.45				99.78		99.68		100.45		100.31		100.08		100.63				100.13		99.84		100.00				99.60		100.10		99.52		99.62		99.71		99.87		99.90		99.69				99.83				100.18		99.69		100.03		99.69				99.90		99.71		99.74				100.32				100.30		100.88		100.33		100.58		99.93				99.56		99.47		100.23		99.70				99.74		99.82				100.52		99.66		99.91				99.74		100.29		100.02		100.28		100.26		100.35		100.42		100.40		100.36				100.79		99.49		99.87		100.66				100.24		100.91				100.39				99.49		99.73		100.53				100.34		100.24				100.39		99.93		99.48		100.16		99.97				100.10		99.89		99.81		99.77		99.78		100.13		99.98		100.21				100.55		100.54		100.57		101.01				101.16				100.87		100.21				100.75		99.52		99.83		100.26		100.69				100.18		100.32		100.41		100.29		99.93				99.37		100.42		100.30		100.71		100.46				100.87		100.04		99.55		99.64		100.62				100.09		100.23		100.49		100.19

		Calculations

		R1		2388		2049		2315		2160				1835		1833		1764		1928		1733		1754		1987		1959		2143				654		634		1745		1637		1153		1100		1562		1684		1410		2057				2584		2134		1876		1625		1486				1862		1536		1578				1035				2873		2738				1737				1671		2490		2554		2059				1180		1505				1665				2441		1959		2130		1436		1697				1013				4251		5252		5432				3507		3577		4145				1831		1693		2132		1759				1562				1973		1903		1996		2131		1961				2312		2551		2462		2551		2515		2536		2494				1589		2000				1590		2030		2080		2157		2153		2123				2207		2387		1430				2678		2511		2683		2371		2738		2447		2872		2351				1778				2636		3100		3087		2884				3978		4247		4280				2119				1934		2408		2748		2213		3212				2181		2147		2154		2557				2334		1766				3323		3090		3700				2546		3498		3525		2575		2910		2613		2862		4083		3392				3361		3177		3225		3417				3122		3476				2876				3167		3230		3526				2169		2819				1590		2103		2142		1897		1898				2692		3069		2860		3101		3001		3272		3114		3884				1700		1482		1746		2079				1691				2073		2362				3362		3177		3225		3122		3416				3602		4536		3600		4519		3622				4832		4162		4765		4852		5179				1448		1161		1337		1175		1133				3150		2602		1838		2060

		R2		2062		1828		1685		1814				1709		1400		1438		1429		1240		1400		1481		1464		926				1447		1147		1309		928		934		1234		829		843		657		860				657		656		1423		1469		816				1448		1177		1305				1017				547		375				1299				1251		1403		1437		1051				1190		1273				1247				1507		1594		2053		1682		1594				1317				378		299		150				363		395		236				1681		1702		1551		1542				1288				1398		1418		1399		1662		1492				845		802		757		684		718		620		625				1371		1320				1030		1252		1398		1480		1435		1631				968		804		836				919		974		1093		794		881		813		1005		869				1097				545		620		379		333				352		311		328				2303				1145		847		844		889		701				656		696		654		756				726		624				628		526		232				372		654		345		380		491		379		361		228		325				417		384		340		354				415		403				559				970		793		431				865		481				950		1143		1241		1191		1259				594		365		347		314		344		392		242		249				1119		1063		1091		1206				984				1722		1878				417		385		339		416		354				387		381		453		382		333				287		412		416		277		335				1548		1322		1331		1357		1340				406		395		826		1821

		Al / CNK		0.45		0.53		0.61		0.64				0.59		0.72		0.64		0.64		0.74		0.73		0.70		0.71		0.80				0.65		0.96		0.97		1.25		0.90		0.75		0.91		0.93		1.21		0.85				1.62		1.45		0.98		0.94		0.94				0.69		0.73		0.63				0.70				1.28		1.00				0.64				0.86		0.88		0.83		0.97				0.97		0.87				0.74				0.76		0.68		0.61		0.61		0.68				0.76				2.57		5.49		2.89				1.29		1.11		1.71				0.72		0.73		0.79		0.71				0.60				0.87		0.86		0.89		0.85		0.88				1.00		0.95		1.13		1.00		0.97		1.05		1.05				0.61		0.69				0.81		0.81		0.75		0.89		0.90		0.80				1.13		1.15		1.01				1.10		1.07		0.91		1.01		1.05		1.00		0.92		0.82				0.71				1.10		1.12		1.03		1.03				1.85		2.37		1.51				0.32				0.84		1.00		1.07		0.97		1.12				0.99		0.97		1.03		1.04				0.98		1.01				0.83		1.20		1.14				1.21		0.97		0.93		1.14		0.87		1.11		1.11		1.38		1.20				1.09		1.19		1.04		1.19				1.14		0.86				1.14				0.95		1.00		1.25				0.80		0.96				0.93		0.86		0.79		0.92		0.77				0.92		1.12		1.19		1.25		0.98		1.16		1.09		1.32				0.71		0.72		0.73		0.75				0.76				0.72		0.69				1.09		1.19		1.03		1.14		1.19				1.90		4.43		1.57		4.81		1.50				4.61		3.25		18.08		4.57		15.24				242.45		45.87		293.60		192.40		303.81				1.30		1.15		1.30		0.61

		Fe No. (wt %)		0.42		0.46		0.47		0.47				0.58		0.69		0.71		0.75		0.74		0.65		0.66		0.65		0.81				0.71		0.68		0.61		0.67		0.80		0.68		0.74		0.75		0.78		0.74				0.76		0.75		0.70		0.65		0.79				0.73		0.74		0.73				0.76				0.85		0.88				0.80				0.71		0.72		0.72		0.68				0.69		0.69				0.77				0.62		0.60		0.63		0.64		0.60				0.63				0.45		0.45		0.50				0.82		0.86		0.85				0.61		0.57		0.64		0.61				0.79				0.75		0.74		0.75		0.67		0.68				0.82		0.80		0.75		0.82		0.79		0.80		0.80				0.77		0.76				0.79		0.76		0.79		0.79		0.77		0.73				0.71		0.67		0.70				0.60		0.64		0.69		0.67		0.67		0.64		0.70		0.67				0.64				0.89		0.85		0.91		0.82				0.78		0.70		0.72				0.43				0.79		0.82		0.80		0.78		0.74				0.85		0.86		0.85		0.83				0.84		0.82				0.86		0.77		0.95				0.76		0.93		0.92		0.82		0.89		0.76		0.82		0.82		0.79				0.95		0.98		0.91		0.83				0.83		0.88				0.79				0.84		0.86		0.85				0.86		0.86				0.79		0.77		0.80		0.76		0.76				0.67		0.88		0.71		0.74		0.81		0.74		0.88		0.81				0.83		0.82		0.80		0.78				0.81				0.55		0.50				0.95		0.98		0.91		0.82		0.83				0.52		0.48		0.65		0.53		0.57				0.62		0.46		0.57		0.67		0.55				0.40		0.54		0.51		0.52		0.54				0.70		0.76		0.78		0.63

		Fe No. (atomic)		0.29		0.32		0.34		0.34				0.43		0.55		0.58		0.62		0.62		0.51		0.52		0.51		0.70				0.58		0.54		0.47		0.54		0.69		0.55		0.62		0.63		0.66		0.61				0.64		0.63		0.56		0.51		0.67				0.60		0.61		0.61				0.64				0.76		0.81				0.69				0.58		0.59		0.59		0.55				0.55		0.55				0.65				0.48		0.45		0.49		0.50		0.45				0.48				0.31		0.31		0.36				0.72		0.77		0.76				0.46		0.43		0.50		0.46				0.68				0.62		0.62		0.62		0.53		0.55				0.72		0.69		0.63		0.72		0.69		0.69		0.69				0.65		0.65				0.68		0.64		0.68		0.68		0.65		0.60				0.58		0.54		0.57				0.45		0.50		0.55		0.53		0.53		0.50		0.57		0.53				0.50				0.82		0.77		0.86		0.72				0.66		0.57		0.59				0.29				0.68		0.72		0.69		0.66		0.62				0.76		0.78		0.76		0.73				0.74		0.73				0.78		0.65		0.91				0.64		0.88		0.87		0.71		0.82		0.64		0.72		0.72		0.67				0.92		0.96		0.85		0.73				0.73		0.80				0.68				0.75		0.78		0.77				0.77		0.77				0.68		0.66		0.70		0.64		0.64				0.54		0.81		0.57		0.61		0.71		0.61		0.81		0.71				0.73		0.72		0.69		0.66				0.71				0.41		0.36				0.92		0.96		0.85		0.73		0.74				0.38		0.34		0.51		0.39		0.43				0.48		0.32		0.42		0.53		0.40				0.27		0.40		0.37		0.38		0.40				0.57		0.64		0.66		0.48

		K No. (wt %)		0.31		0.46		0.02		0.14				0.00		0.35		0.19		0.24		0.29		0.23		0.10		0.20		0.33				0.03		0.16		0.07		0.03		0.07		0.15		0.20		0.29		0.24		0.20				0.65		0.35		0.30		0.38		0.49				0.44		0.30		0.09				0.06				0.38		0.37				0.07				0.14		0.12		0.12		0.20				0.12		0.02				0.36				0.04		0.04		0.08		0.05		0.11				0.01				0.40		0.97		0.91				0.81		0.65		0.44				0.53		0.33		0.26		0.74				0.26				0.18		0.22		0.17		0.13		0.09				0.43		0.34		0.60		0.35		0.32		0.25		0.40				0.31		0.01				0.33		0.40		0.19		0.21		0.11		0.14				0.50		0.08		0.27				0.30		0.20		0.27		0.17		0.17		0.17		0.22		0.19				0.04				0.16		0.60		0.20		0.37				0.77		0.84		0.46				0.28				0.20		0.25		0.20		0.43		0.45				0.33		0.36		0.33		0.27				0.04		0.06				0.33		0.41		0.09				0.04		0.76		0.18		0.27		0.13		0.06		0.15		0.37		0.09				0.25		0.22		0.03		0.24				0.31		0.18				0.47				0.04		0.52		0.45				0.05		0.20				0.24		0.24		0.19		0.14		0.14				0.28		0.21		0.03		0.40		0.08		0.48		0.05		0.47				0.14		0.04		0.11		0.35				0.05				0.27		0.22				0.25		0.22		0.03		0.31		0.24				0.42		0.99		0.89		0.97		0.69				0.92		0.95		0.65		0.98		0.92				0.25		0.25		0.25		0.62		0.25				0.29		0.20		0.07		0.18

		K No (atomic)		0.23		0.36		0.01		0.09				0.00		0.26		0.13		0.17		0.21		0.16		0.07		0.14		0.25				0.02		0.11		0.05		0.02		0.05		0.10		0.14		0.21		0.17		0.14				0.55		0.26		0.22		0.29		0.38				0.34		0.22		0.06				0.04				0.28		0.28				0.05				0.09		0.08		0.08		0.14				0.08		0.01				0.27				0.03		0.03		0.05		0.03		0.08				0.01				0.30		0.96		0.87				0.74		0.55		0.34				0.43		0.24		0.19		0.66				0.19				0.13		0.16		0.12		0.09		0.06				0.33		0.25		0.49		0.27		0.23		0.18		0.30				0.23		0.01				0.24		0.31		0.13		0.15		0.08		0.10				0.40		0.06		0.19				0.22		0.14		0.20		0.12		0.12		0.12		0.16		0.13				0.02				0.11		0.50		0.14		0.28				0.68		0.78		0.36				0.20				0.14		0.18		0.14		0.33		0.35				0.25		0.27		0.25		0.20				0.03		0.04				0.24		0.31		0.06				0.03		0.68		0.13		0.20		0.09		0.04		0.10		0.28		0.06				0.18		0.16		0.02		0.17				0.22		0.13				0.37				0.03		0.42		0.35				0.03		0.14				0.17		0.17		0.13		0.10		0.09				0.20		0.15		0.02		0.30		0.06		0.38		0.03		0.37				0.09		0.02		0.07		0.26				0.03				0.19		0.15				0.18		0.16		0.02		0.22		0.17				0.32		0.98		0.84		0.95		0.60				0.89		0.93		0.55		0.98		0.88				0.18		0.18		0.18		0.52		0.18				0.21		0.14		0.05		0.13

		Minor elements

		Cl (ppm)

		F (ppm)

		HFS elements (as noted)

		Ba (XRF)

		Ba (ICP-MS)

		Ba (INAA)		57		595		63		168				18		451		190		212		440		295		149				705				113		442		214				138		203				646		600		575						876		498		296		1185				1104		530		9				131				800		810				147				165		217		196		315				725		65				130				38		25		43		34		70				10				120		120		200				1200		890		185				670		267		175		1200				432				438		322		256		200		188				780		538		945		485		650		370		520				485		112				280		530		217		255		153		148				625		231		630				540		545		557		300		420		285		420		310				135				305		1020		635		890				722		1520		605				167				446		485		640		1030		550				685		620		685		435				300		180				275		590		138				55		495		544		690		385		55		462		585		97				430		409		77		564				566		327				730				51		1300		350				84		490				525		407		320		241		187				1010		380		68		786		82		840		156		730				386		220		266		513				202				210		132				430		409		77		566		564				270		409		893		634		921				288		855		217		1068		295				130		< 10		20		10		120				469		507		136		119

		Ba (other)

		Rb  (XRF)

		Rb  (ICP-MS)

		Rb (INAA)		3		27		2		11				2		25		21		24		28		28		8		20		36				8		27		9		3		12		30		28		54		41		33				84		44		26		38		53				49		63		1				10				63		48				11				15		7		7		18				12		2				52				2		2		4		4		11				2				13		7		15				68		45		34				32		216		21		75				28				13		19		14		6		6				65		42		91		60		37		33		69				32		4				47		33		13		15		7		9				67		24		56				19		12		18		19		11		17		10		20				2				17		60		15		38				66		44		24				16				12		20		13		77		61				32		44		37		19				2		6				32		37		7				2		60		11		28		10		3		11		27		7				17		15				15				24		16				41						25		43				2		15				19		19		14		13		13				18		23				25		6		31				26								5		28								21		8				17		15		< 2		24		15				19		28		54		21		32				18		41		2		20		2				1		5		6		6		1				23		13		6		9

		Rb (other)

		Sr  (XRF)

		Sr  (ICP-MS)

		Sr (INAA)		131		312		467		198				294		321		173		165		391		265		249		192		202				216		435		761		280		597		207		276		213		304		266				203		190		571		182		384				251		234		2				108				163		133				305				112		415		490		240				197		429				136				664		560		232		137		107				92				88		7						49		53		29				472		355		345		174				230				287		295		317		468		275				223		214		144		160		197		178		189				264		424				264		239		349		229		261		304				408		312		343				131		164		186		171		234		305		239		88				273				196		141		112		78				69		18		71				477				311		251		315		271		175				251		219		227		235				136		132				230		152		72				43		54		38		104		91		31		80		71		33				118		157		159		93				69		74				132				916		418		84				115		103				355		232		236		243		200				69		101		49		56		43		69		50		72				245		203		204		226				197				295		266				118		157		159		69		93				45		10		30		16		37				17		28		3		15		2				2		2		2		1		1				71		68		100		178

		Sr (other)

		Y  (XRF)

		Y  (ICP-MS)

		Y (INAA)		16		18		17		25				19		19		38		39		19		44		35		47		55				29		28		22		37		24		18		26		26		22		32				42		40		27		30		37				46		46		5				42				42		46				69				15		18		18		17				17		18				44				39		38		20		23		22				24				41		44		32				26		29		25				13		13		14		15				73				23		21		23		17		18				63		56		58		62		59		54		63				44		44				39		43		28		27		28		23				27		56		21				20		22		22		23		19		21		22		18				21				62		65		68		78				60		60		59				17				34		39		44		33		32				41		40		47		44				41		45				26		18		35				47		48		35		44		46		55		51		46		45				29		32		23		48				60		39				49				44		42		41				45		53				24		21		18		15		17				47		56		65		55		61		61		59		69				71		64		74		68				54				20		12				29		32		23		60		48				51		54		51		56		43				36		51		32		38		30				30		28		99		103		69				50		40		60		26

		Y (other)

		Zr  (XRF)

		Zr  (ICP-MS)

		Zr (INAA)		63		71		76		70				53		121		93		106		133		137		85		150		186				103		136		131		96		92		40		160		151		180		176				172		141		100		97		166				131		129		5				116				206		236				277				49		80		78		79				41		87				249				198		193		55		69		67				73				173		109		99				120		112		94				20		20		27		28				271				68		66		68		55		51				206		187		133		215		185		185		218				151		163				125		132		69		81		70		59				125		212		126				84		81		87		93		91		91		93		81				83				207		211		153		171				239		272		223				51				99		140		138		141		140				176		172		151		142				132		157				59		95		137				149		132		110		155		139		157		152		113		131				142		161		141		158				183		130				188				120		114		116				120		151				48		41		39		33		33				139		196		184		190		188		207		192		192				212		197		227		201				178				54		28				142		161		141		183		158				185		185		180		189		165				131		188		127		141		107				322		240		269		225		221				178		197		183		58

		Zr (other)

		Nb  (XRF)

		Nb  (ICP-MS)

		Nb (INAA)		9		7		9		13				6		10		5		6		12		7		7		7		11				16		10		9		6		9		5		11		13		7		12				10		7		7		12		13				10		8		3				7				12		10				11				5		8		8		7				5		7				19				16		17		8		8		7				8				15		13		13				9		9		5				4		4		5		5				12				7		7		7		6		6				11		8		10		12		9		8		8				10		10				10		11		7		7		7		6				10		10		9				5		4		6		6		6		5		6		6				6				9		10		16		18				10		12		10				13				8		9		9		7		7				9		9		10		7				8		8				5		5		5				5		7		4		7		7		6		7		3		5				6		7		6		7				4		4				8				7		6		5				7		7				5		4		5		5		5				6		7		8		4		8		7		8		6				15		13		14		14				12				5		5				6		7		6		4		7				7		7		8		7		7				6		8		7		6		5				14		13		15		16		14				7		6		10		6

		Nb (other)

		Ta  (ICP-MS)

		Ta (INAA)		0.3		0.3								0.2						0.3		0.4		0.3						0.5				0.6		0.4						0.3						0.6		0.4		0.7						0.4		0.3		0.5		0.5						0.4						0.4				0.6		0.7				0.6				0.1		0.3		0.2		0.2						0.2				1.1				1.0		0.8		0.3		0.3		0.3				0.3				1.5		1.0		0.8				0.6		0.5		0.4				0.1				0.0		0.1								0.2		0.2		0.2		0.2		0.1				0.5		0.5		0.4		0.5		0.5		0.4		0.5				0.4		0.5				0.4				0.2		0.2		0.2		0.1				0.5		0.4		0.3						0.3				0.3		0.3		0.3		0.3		0.3				0.3						0.5		1.1										0.7								0.3		0.4		0.3		0.4		0.4				0.5		0.5		0.3		0.3				0.3		0.5				0.1		0.3						0.4				0.2		0.4		0.4						0.2						0.5		0.5		0.4		0.5														0.3		0.2		0.3				0.3						0.1				0.1								0.4		0.4				0.4		0.5		0.5				0.5				0.7		0.6		0.7		0.7				0.5				0.1		0.1				0.5		0.5		0.4				0.5				0.5		0.5		0.5		0.5		0.5				0.4		0.6		0.3		0.4		0.4				0.9		0.6		0.8		0.6		0.7

		Ta (other)

		Hf  (ICP-MS)

		Hf (INAA)		2.0		1.9								1.9						2.7		2.9		3.2						5.5				3.2		3.8						2.7						3.8		4.6		5.4						4.1		3.1		3.1		5.0						4.1						3.9				5.1		6.2				4.9				1.3		2.3		2.4		2.4						2.3				6.7				6.6		4.4		1.8		1.9		1.9				2.1				6.7		4.5		4.3				4.2		3.5		3.2				0.6				0.7		1.0								2.0		1.7		1.6		1.7		1.5				7.0		5.3		5.3		7.2		5.7		5.8		5.9				3.9		4.1				4.1				2.0		2.5		2.0		1.7				3.6		4.6		2.2						2.7				2.8		2.5		2.3		2.9		2.9				2.4						6.0		6.8										7.2								2.5		4.5		3.6		3.5		4.6				4.7		3.9		4.1		3.2				3.5		5.3				1.1		2.8						4.3				3.0		3.4		4.2						2.3						4.1		4.6		4.2		5.0														2.8		2.8		3.2				3.4						1.5				1.2								4.6		4.9				4.4		4.1		5.9				6.0				6.5		5.5		6.3		5.9				4.5				1.7		0.8				4.1		4.6		4.2				5.0				5.2		5.2		5.6		5.2		4.9				3.8		6.3		3.3		3.8		3.0				9.4		7.7		8.9		6.2		7.1

		Sc (XRF)

		Sc  (ICP-MS)

		Sc (INAA)		27		39								50						39		13		27						28				34		29						25						11		16		15						40		35		35		20						44						49				10		11				27				31		35		36		35						33				26				32		22		56		44		43				49				5		2		1				9		8		9				44				29		45								40		35		25		40		37				24		19		22		23		20		21		17				46		35				50				33		38		37		35				26		13		11						30				21		19		17		22		22				18						19		5										5								26		23		18		15		17				15		11		18		15						20				16		8						17				12		9		12						7						8		9		6		6														16		16		13				20						40				34								11		9				7		7		8				4				47		45		38		42				34				37		28				8		9		6				6				6		10		7		10		6				5		7		3		5		3				22		19		8		8		9

		Sc (other)

		Cs  (XRF)

		Cs  (ICP-MS)

		Cs (INAA)		0.2		0.9								0.2						0.8		0.7		0.5						0.8				0.1		0.7						0.4						0.4		1.2		0.9						1.0		0.7		1.7		0.9						5.1						0.8				1.1		1.8				0.7				0.6		0.3		0.3		0.5						0.1				1.0												0.7								0.4		0.1		0.3				2.4		1.5		0.9				0.4				0.4		0.8								0.4		0.9		1.3		0.1		0.2				3.2		1.3		3.8		5.1		1.2		2.0		4.3				1.1		0.6				1.8				0.9		0.9		0.6		0.1				2.8		1.8		3.6						0.3				0.4		0.3		0.4		0.3		0.4				0.1						3.0		0.5										0.7								0.9		0.7		0.4		2.0		1.4				0.4		0.2		0.7		0.4				0.1		0.3				0.3		1.6										0.3		0.8		0.3						0.3						0.4		0.3		0.2		0.6														0.2		0.5		0.4				0.1						0.4												0.6		0.3				0.3		0.2		0.5				0.8				0.4		0.3		0.4		0.6								0.3		0.4				0.4		0.3		0.2				0.6				0.4		0.4		1.2		0.3		0.5				0.9		0.9		0.8		0.4		0.3				0.7		1.2		3.4		1.6		2.0

		Cs (other)

		Light metals (as noted)

		B (ICP-MS)

		Be (ICP-MS)

		Be (other)

		Li (ICP-MS)

		Li (other)

		Ga (XRF)

		Ga (ICP-MS)

		Ga (other)

		U, Th, LREE (as noted)

		U (XRF)

		U (ICP-MS)

		U (INAA)		0.30		0.40								0.10						0.70		1.30		0.57						2.25				0.20		0.70						0.60						2.24		1.60		2.71						0.92		0.60				3.63						1.00						0.70				2.50		4.20				1.40				0.50		1.10		0.90		1.00						0.80				1.60				1.10		1.20		0.10												2.10		3.50		1.40				1.60		1.60		0.90				0.40				0.20		0.80								0.30		0.40		0.30		0.6		0.40				2.20		2.30		2.20		2.20		2.10		2.10		2.10				1.10		1.20				1.40				0.70		0.70		0.50		0.60				1.30		2.00		1.70						1.50		2.60		1.70		1.10		2.10		1.90		1.40				1.50						2.30		3.20										2.00				1				1		1.80		1.60		2.10		1.70				2.76		2.83		1.63		1.43				1.50		1.72				1		1.90						1.53				1.07		1.53		1.51						1.11						1.50		1.70		1.60		1.50				2.10		0.56								1.28		0.87		1.16				1.12										0.40								1.73		2.02				2.05		1.55		2.09				2.00				1.60		1.20		1.30		1.60				2.00				0.95		0.17				1.50		1.70		1.60				1.50				2.30		2.00		2.30		1.90		2.00				1.60		2.70		2.10		2.20		1.30				4.30		2.10		4.50		2.60		2.90

		U (DN or other)

		Th (XRF)

		Th (ICP-MS)

		Th (INAA)		1.80		1.10								0.80						1.10		2.30		1.50						4.20				1.40		3.10						1.50						4.60		3.40		6.10						2.60		1.70		1.00		6.00												2.40				5.00		8.00				2.50				0.60		1.50		1.50		1.40						1.40				1.40				2.10		1.50		0.30		0.30		0.50				0.40				5.30		3.80		3.50				4.20		3.80		2.30				0.30				0.30		0.60								0.60		0.70		0.70		0.80		0.70				4.30		4.00		4.50		4.50		4.30		4.20		4.10				2.20		2.40				2.90				0.70		0.90		0.70		0.90				3.40		3.40		2.50						3.00		5.70		3.30		3.00		2.90		3.30		3.00				2.80						4.60		9.40										6.70				0.80				1.90		2.90		2.50		3.40		3.00				4.40		3.90		2.70		2.50				2.50		3.40				0.90		2.87						2.80				2.00		2.60		2.80						1.80						3.80		4.30		3.90		4.00				2.50		3.30								2.00		1.80		2.00				2.10						0.90				0.70								3.30		3.00				2.90		2.90		3.30				4.10				3.00		2.70		2.90		2.80				3.10				1.00		0.30				3.80		4.30		3.90				4.00				4.20		3.70		4.50		3.70		4.00				3.10		4.80		2.60		3.20		2.60				8.30		5.20		7.10		5.30		5.40

		Th (DN or other)

		La (XRF)

		Ce (XRF)

		Nd (XRF)

		Base metals (as noted)

		Cu (XRF)

		Cu (ICP-MS)

		Cu (INAA)

		Cu (other)

		Pb (XRF)

		Pb (ICP-MS)

		Pb (INAA)		12		13		17		11				17		13		8		12		16		11		23		13		14				15		11				15		11		12		19		17		16		13				17		14		17				25				11		13		1				9				20		16				12				6		10		8		9				11		12								6		7		5		9		9				9				18		17		23				16		17		17				6		8		8		10				12				9		6		9		9		11				8		14		8		9		10		7		13				8		13				21		4		7		10		13		9				10		9		11				13		17		21		26		18		16		19		17				27				15		10		15		15						12		14				16				4		5		7		14		7				11		14		8		8				12		7				8		10		10				12		9		16		10		10		8		8		13		11				8		11		10		9				11		13				17				6		7		10				8		7				12		12		11		9		12				9		10		8		9		9		67		9		9				3		6		9						7				11		8				8		11		10		11		9				7		9		8		6		9				31		23		13		56		20				8		8		31		112		82				5		4		4		4

		Pb (other)

		Zn (XRF)

		Zn (ICP-MS)

		Zn (INAA)

		Zn (other)

		Ni (XRF)

		Ni (ICP-MS)

		Ni (INAA)		508		221								84						24		60		43						11				83		38						23						3		12		21						18		35		100								18						19										10				17		5		12		13						12				7				129		112		222		99		109				102																				51				24		77								7		8		19		17		25						6				6										21		16				24				18		12		10		12				79		12		20						15				10		15		2		5		6				2						2																				7				4		8																																																		3		3				3																												11				6																										2		7		5		4				12				71		114																																																				5		4

		Ni (other)

		Cr (XRF)

		Cr (ICP-MS)

		Cr (INAA)		1036		1089								463						10		121		34						10				182		79						40						11		60		33						13		48		46		3						22						17				7		1				6				23		25		24		28						24								294		205		550		170		175				183																				109				53		334								8		6		5		31		30						2		2												17		26				5				4		14		7		32				174				47						57				43		38		33		44		44				38						2																						4		2		5						3		3				2												4																																																		2										10				10																												8				5				13				103		188

		Cr (other)

		Co (XRF)

		Co (ICP-MS)

		Co (INAA)		64		52								52						37		15		31						21				50		42						33						16		16		15						34		42		58		18						48						48				4		3				19				27		30		32		29						27				47				49		34		70		48		52				56				1		6		0				1		1		0				41				28		43								34		31		24		49		41				11		9		14		21		10		11		12				47		34				60				32		12		37		36				27		11		9						23				17		17		13		18		18				16						9		2										1								24		13		11		13		7				9		8		9		7				11		10				7		3						1				1		1		1						1						2		2		2																9		8		5				10						29				24								2		1				1		1		1				1				26		33		24		27				20				57		55				2		2		2								2		1		2		2		2				2		0		6		1		0				10		29		15		14		15

		Co (other)

		V (XRF)

		V (ICP-MS)

		V (INAA)		194		245		214		202				260		201		425		452		137		199		305		207		140				215		234		223				297		372		116		116		153		103				113		420		113		246		99				462		395		3				379				30		10				215				287		262		260		237				249		265				166				182		177		360		370		408				321												3		8						308		291		284		273				273				267		284		268		254		265				29		31		54		2		21		35		7				544		394				483		311		325		304		323		290				179		68		163				145		159		152		128		124		129		123		118				133						2		11								4						163				124		45		40		104		12				20		15		22		25						13				43		29		2								2										3						18		12		8		11										2				19		23		16				17						244		315		281		342		352				4						5												152		235		107		170				229				172		208				8		12		8				10				9		4		10		3		7				5		10		5		10		7				9		1		15		9		7				13		19		94		352

		V (other)

		Mo (XRF)

		Mo (ICP-MS)

		Mo (INAA)

		Mo (other)

		Sn (XRF)

		Sn (ICP-MS)

		Sn (ICP-MS)

		Sn (other)

		W (XRF)





X alt

		Decimal lat		34.5467		34.5467		34.5467		34.5467				34.5001		34.4988		34.5001		34.5002		34.5009		34.5012		34.5004		34.5005				34.4984				34.5003																34.7397								34.7396																				34.7447								34.745				34.7443								34.7342				34.7449		34.7444		34.7354		34.7449																		34.7396				34.7282										34.7209																						34.6497				34.74086

		Decimal long		-112.6311		-112.6311		-112.6311		-112.6311				-112.2537		-112.2527		-112.2567		-112.2548		-112.2572		-112.2573		-112.2569		-112.2558				-112.2524				-112.2553																-112.1238								-112.122																				-112.1176								-112.1173				-112.1189								-112.1127				-112.1169		-112.1185		-112.1079		-112.1164																		-112.122				-112.1101										-112.099																						-112.1292				-112.11805

		30x60 quad		Prescott		Prescott		Prescott		Prescott				Bradshaw Mts		Bradshaw Mts		Bradshaw Mts		Bradshaw Mts		Bradshaw Mts		Bradshaw Mts		Bradshaw Mts		Bradshaw Mts				Bradshaw Mts				Bradshaw Mts																Prescott								Prescott																				Prescott								Prescott				Prescott								Prescott				Prescott		Prescott		Prescott		Prescott																		Prescott				Prescott										Prescott																						Prescott

		7 1/2 quad		Skull Vly		Skull Vly		Skull Vly		Skull Vly				Poland Jct		Poland Jct		Poland Jct		Poland Jct		Poland Jct		Poland Jct		Poland Jct		Poland Jct				Poland Jct				Poland Jct																Cottonwood								Cottonwood																				Cottonwood								Cottonwood				Cottonwood								Cottonwood				Cottonwood		Cottonwood		Cottonwood		Cottonwood																		Cottonwood				Cottonwood										Cottonwood																						Hickey Mtn

		Twp		14N		14N		14N		14N				13N		13N		13N		13N		13N		13N		13N		13N				13N				13N																16N								16N																				16N								16N				16N								16N				16N		16N		16N		16N																		16N				16N										16N																						15N

		Rng		4W		4W		4W		4W				1E		1E		1E		1E		1E		1E		1E		1E				1E				1E																2E								2E																				2E								2E				2E								2W				2E		2E		2W		2E																		2E				2W										2W																						2E

		Sec		24		24		24		24				22		22		21		21		21		21		21		21				22				21																27								27																				22								22				27								26				22		27		26		22																		27				35										35																						(uns)

		Elev		5200		5200		5200		5200				4650		4640				4670								4720				4620				4700																5430								5540																				5350								5350				5360								5350				5350		5360		5200		5350																		5540				5870										5920																						6530

		Mag susc																4500				4000		2500		90																										5								5																																								20								10																				10				60										65																						40

		Scint																																																		30																																																30								35																								30																																50

		Age		X		X		X		X				X		X		X		X		X		X		X		X				X				X				X		X		X		X		X				X		X		X		X		X		X		X		X		X		X		X		X		X		X		X		X		X		X		X		X		X		X		X		X		X		X		X		X		X		X		X				X		X		X		X		X		X		X		X		X		X		X		X				X		X		X		X		X		X		X		X		X		X				X				X		X				X		X		X		X				X		X		X				X		X

		Source		DeWitt unpub		DeWitt unpub		DeWitt unpub		DeWitt unpub				DeWitt unpub		DeWitt unpub		DeWitt unpub		DeWitt unpub		DeWitt unpub		DeWitt unpub		DeWitt unpub		DeWitt unpub				DeWitt unpub				DeWitt unpub				Vance 1989		Vance 1989		Vance 1989		Vance 1989		Vance 1989				DeWitt unpub		Gustin 1988		Vance 1989		Vance 1989		DeWitt unpub		Gustin 1988		Vance 1989		Gustin 1988		Gustin 1988		Gustin 1988		Gustin 1988		Gustin 1988		Gustin 1988		Gustin 1988		DeWitt unpub		Gustin 1988		Gustin 1988		Gustin 1988		DeWitt unpub		Gustin 1988				DeWitt unpub		Gustin 1988		Vance 1989		DeWitt unpub		Gustin 1988		DeWitt unpub		DeWitt unpub		DeWitt unpub		DeWitt unpub		Vance 1989				Vance 1989		Vance 1989		Vance 1989		Gustin 1988		Gustin 1988		Gustin 1988		DeWitt unpub		Gustin 1988		DeWitt unpub		Vance 1989		Gustin 1988		Vance 1989				DeWitt unpub		Gustin 1988		Gustin 1988		Vance 1989		Gustin 1988		Gustin 1988		Vance 1989		Vance 1989		Vance 1989		Vance 1989				DeWitt unpub				Anderson+ 1958		Anderson+ 1958				Anderson+ 1958		Anderson+ 1958		Anderson+ 1958		Anderson+ 1958				Anderson+ 1958		Anderson+ 1958		Anderson+ 1958				Anderson+ 1972		Anderson+ 1972

		Location																																						Where?		Where?		Where?		Where?		Where?								Hull Cyn		Hull Cyn						Hull Cyn																												strong chl rhyolite						Hull Cyn														Hull Cyn				UV		UV		UV														UV				UV																UV		UV		UV		UV								Deception Gulch		Deception Gulch				2100 level, 1600 ft S of MS		UV, 2400 level, 600 ft S of MS		UV, 2400 level, 400 ft S of MS		UV, 3000 level, 100 ft S of MS				Iron King, 900 level		Iron King, 900 level		Iron King, 900 level				Mayer quad		Mayer quad

		Map unit		Xh		Xh		Xh		Xh																														Xr1h		Xr1h		Xr1h		Xr1h		Xr1h				Xr1h		Xr1h		Xr1h		Xr1h		Xr1h		Xr1h		Xr1h		Xr1h		Xr1h		Xr1h		Xr1h		Xr1h		Xr1h		Xr1h		Xr1h		Xr1h		Xr1h		Xr1h		Xr1h		Xr1h		Xr1h		Xr1h		Xr1h		Xr1h		Xr1h		Xr1h		Xr1h		Xr1h		Xr1h		Xr1h		Xr1h				Xr1h		Xr1h		Xr1h		Xr1h		Xr1h		Xr1h		Xr1h		Xr1h		Xr1h		Xr1h		Xr1h		Xr1h				Xr1h		Xr1h		Xr1h		Xr1h		Xr1h		Xr1h		Xr1h		Xr1h		Xr1h		Xr1h				Xr1h				Xr1h		Xr1h

		Field #		5-12-97-2A (11 in other)		5-12-97-2B (11 in other)		5-12-97-2C (11 in other)		5-12-97-2D (11 in other)				5-20-97-3D		5-20-97-3E		9-28-96-1A		5-20-97-3C		9-28-96-1C		9-28-96-1D		9-28-96-1B		5-20-97-3A				5-20-97-3F				5-20-97-3B				D22		D20		J5		D11		D21				4-20-97-3		157		D4		D41		4-20-97-4A		476		D36		200		490		UV-21		UV-3		UV-36		143		354		9-20-96-1D		270		47b		75		9-20-96-1C		50		9-20-96-1F		9-22-96-3		484		D56		9-22-96-2		42		9-20-96-1B		9-20-96-1E		9-22-96-1		9-20-96-1A		D6				P8		P39		P44		UV-14		102		49		4-20-97-4B		286		9-22-96-4		P20		UV-17		P22				9-22-96-5		47a-chl vn		39-chl vn		VC		31		483		9B11		B43		B1		3B11				9-21-96-4				PP308-7 (3)		PP308-7 (4)				PP308-22 (1)		PP308-22 (2)		PP308-22 (3)		PP308-22 (4)				PP308-25 (1)		PP308-25 (2)		PP308-25 31)				B1336-15 (1)		B1336-15 (2)

		Lab #		C-101054		C-101055		C-101056		C-101057				C-101051		C-101052		C-101041		C-101050		C-101043		C-101044		C-101042		C-101048				C-101053				C-101049																C-101045								C-101046																				C-101032								C-101031				C-101034		C-101038						C-101037				C-101030		C-101033		C-101036		C-101029																		C-101047				C-101039										C-101040																						C-101035				PD		PD				PD		PD		PD		PD				PD-Eccher		PD-Eccher		PD-Eccher

		Alteration		chl				str chl		str chl				chl		cc				chl		chl		cc				cc												fresh		fresh		fresh		fresh		fresh						Ab-Qtz-Ser-Chl-Cc						chl		Qtz-Ser-Carb-Chl				Ab-Qtz-Ser-Chl-Cc		Qtz-Ser-Carb-Chl		Qtz-Ser-Carb-Sulf		Qtz-Ser-Carb-Sulf		Qtz-Ser-Carb-Sulf		Qtz-Ser-Carb-Sulf		Ab-Qtz-Ser-Chl-Cc		chl, ms		Qtz-Ser-Carb-Chl		Qtz-Chl-Ser		Ab-Qtz-Ser-Chl-Cc		chl		Qtz-Chl-Ser		str chl		chl		Qtz-Ser-Carb-Sulf				chl		Qtz-Chl-Ser		chl		str chl		chl		chl												Qtz-Chl-Sulf-Ank-Mz-Leu		Qtz-Chl-Ser		Qtz-Chl-Ser		str chl		Qtz-Chl-Ser		chl				Qtz-Chl-Sulf-Ank-Mz-Leu						chl		Qtz-Chl-Ser		Qtz-Chl-Ser		Verde Central		Qtz-Chl-Sulf-Ank-Mz-Leu		Qtz-Chl-Sulf-Ank-Mz-Leu												chl				chl								str chl		str chl		str chl				fresh		ser-py		ser-carb				sil-ser		sil-ser

		Mineralization																																																				2.75								2.63				2.74		2.62		2.73		2.71		2.70		2.68		2.75				2.67		2.71		2.61				2.73						2.73						2.72																				2.86		2.79		2.73				2.72						2.71								2.82		2.82				2.77		2.89

		Rock type		mdac?		gb?		mdac?		mdac?				mdac		mand		mbas		mand		mbas		mbas		mbas		mbas				mtuff				mrhy				mrhy		mrhy		mrhy		mrhy		mrhy				mrhy tuff		distal		mrhy		mrhy		mrhy tuff		freshest		mrhy		distal		freshest		freshest		freshest		siliceous		siliceous		chl sch		gph		siliceous		siliceous		chl sch		gph		siliceous		mrhy		mrhy		distal		mrhy		mrhy		siliceous		mrhy		mrhy		mrhy		mrhy		mrhy				mrhy		mrhy		mrhy		chl sch		distal		siliceous		mrhy tuff		siliceous		mrhy		mrhy		siliceous		mrhy				mrhy		chl sch		chl sch		mrhy		siliceous		chl sch		mrhy		mrhy		mrhy		mrhy				mrhy				mrhy		mrhy														maf tuff		qtz-ser-py sch		ser-carb rock				mrhy		mrhy

		Suite		Logan Wash (E Skull Vly)		Logan Wash (E Skull Vly)		Logan Wash (E Skull Vly)		Logan Wash (E Skull Vly)				Iron King		Iron King		Iron King		Iron King		Iron King		Iron King		Iron King		Iron King				Iron King				Texas Gulch				Deception-fresh		Deception-fresh		Deception-fresh		Deception-fresh		Deception-fresh				Deception-zone 3		Deception-zone 3		Deception-zone 3		Deception-zone 3		Deception-zone 3		Deception-zone 3		Deception-zone 3		Deception-zone 3		Deception-zone 3		Deception-zone 3		Deception-zone 3		Deception-zone 3		Deception-zone 3		Deception-zone 3		Deception-zone 3		Deception-zone 3		Deception-zone 3		Deception-zone 3		Deception-zone 3		Deception-zone 3		Deception-zone 3		Deception-zone 3		Deception-zone 3		Deception-zone 3		Deception-zone 3		Deception-zone 3		Deception-zone 3		Deception-zone 3		Deception-zone 3		Deception-zone 3		Deception-zone 3				Deception-zone 2		Deception-zone 2		Deception-zone 2		Deception-zone 2		Deception-zone 2		Deception-zone 2		Deception-zone 2		Deception-zone 2		Deception-zone 2		Deception-zone 2		Deception-zone 2		Deception-zone 2				Deception-chl sch		Deception-chl sch		Deception-chl sch		Deception-chl sch		Deception-chl sch		Deception-chl sch		Deception-chl sch		Deception-chl sch		Deception-chl sch		Deception-chl sch				Buzzard				Deception		Deception				Deception		Deception-chl sch		Deception-chl sch		Deception-chl sch				Iron King		Iron King		Iron King				name and locate		name and locate

		Major oxides (XRF)

		SiO2		71.80		69.10		75.20		74.60				48.90		48.80		50.70		48.50		49.30		51.70		52.10		52.20				60.00				64.00				78.84		77.70		75.51		78.57		76.27				76.50		72.50		77.52		74.22		76.70		76.40		75.68		67.90		79.60		74.30		81.80		79.60		82.60		63.50		79.30		77.40		78.30		71.70		76.60		77.20		70.30		71.10		73.30		77.46		79.50		78.30		75.20		73.70		74.80		73.50		76.73				75.63		81.22		80.28		39.00		71.60		77.50		70.10		77.30		66.80		81.26		77.70		75.83				54.90		65.90		53.00		26.65		75.70		25.80		26.23		28.20		28.17		26.06				74.10				72.34		76.42				72.08		30.88		30.92		29.71				48.38		59.12		41.88				71.90		77.80

		TiO2		0.32		0.35		0.14		0.14				0.56		0.72		2.45		0.70		2.20		2.10		1.79		0.79				0.87				1.00				0.26		0.30		0.21		0.14		0.29				0.18		0.19		0.13		0.16		0.17		0.19		0.17		0.20		0.19		0.23		0.16		0.17		0.16		0.21		0.19		0.19		0.15		0.17		0.20		0.18		0.24		0.28		0.19		0.16		0.19		0.17		0.20		0.22		0.23		0.20		0.15				0.13		0.12		0.15		0.07		0.17		0.15		0.14		0.12		0.23		0.10		0.12		0.13				0.84		0.11		0.22		0.27		0.08		0.15		0.23		0.52		0.26		0.21				0.19																				1.76		0.56		0.51				0.13		0.11

		Al2O3		12.30		12.00		12.10		12.00				13.40		15.70		12.70		15.00		12.60		13.20		14.00		17.10				14.70				13.10				11.30		12.10		12.60		11.80		12.80				11.10		12.50		11.40		13.00		10.90		12.50		13.20		13.30		12.30		14.60		10.40		12.20		9.36		14.50		10.70		12.30		11.20		11.70		10.90		11.70		13.80		13.40		12.10		11.20		8.94		10.60		11.00		11.80		10.90		11.50		11.10				13.90		9.70		9.10		16.70		10.90		8.66		10.80		8.34		11.10		6.80		7.09		8.20				13.20		10.30		14.30		21.10		6.40		21.90		23.40		23.40		23.00		23.80				11.60				13.04		12.35				14.57		28.77		29.30		26.00				12.18		12.13		11.72				14.20		11.70

		Fe2O3																																																																																																																																																																						0.77		3.26

		FetO3		7.79		10.50		1.80		2.26				8.93		10.60		17.10		11.10		17.80		16.20		15.40		11.80				9.39				8.57				2.10		2.20		2.20		2.10		2.40				2.10		2.14		2.00		2.50		2.45		2.23		2.30		5.42		1.10		1.57		1.27		0.83		1.62		5.56		2.43		1.37		2.75		2.95		4.68		3.62		5.16		5.39		4.79		3.30		4.96		4.20		5.38		4.64		6.30		6.94		4.10				2.10		3.90		3.90		18.40		7.19		6.72		7.89		5.36		11.00		5.40		6.62		7.40				17.00		11.90		14.90		23.70		8.10		23.70		21.70		16.10		20.70		23.30				3.11																				2.90		0.29		0.45				0.63		0.56

		FeOt

		FeO																																																																																																																																																																						4.64		0.85				2.86		8.42		9.44		12.45				10.44		9.91		8.84				3.30		2.40

		MnO		0.06		0.06		0.02		0.02				0.24		0.20		0.28		0.21		0.31		0.21		0.21		0.11				0.15				0.04				0.01		0.02		0.06		0.01		0.01				0.02		0.02		0.02		0.02		0.03		0.03		0.02		0.03		0.02		0.01		0.01		0.02		0.00		0.04		0.02		0.01		0.03		0.05		0.04		0.06		0.15		0.04		0.03		0.08		0.07		0.02		0.05		0.05		0.08		0.12		0.08				0.01		0.02		0.01		0.20		0.08		0.07		0.08		0.06		0.18		0.03		0.05		0.04				0.10		0.09		0.07		0.18		0.04		0.15		0.12		0.07		0.10		0.12				0.03																				0.21		0.16		0.17				0.05		0.03

		MgO		0.98		1.38		3.71		3.95				4.43		5.07		3.17		5.66		2.47		3.76		4.34		4.58				2.94				0.58				0.19		0.10		0.42		0.38		0.05				1.35		2.53		1.35		1.19		2.45		0.60		1.90		4.11		0.26		0.51		0.29		1.23		1.08		7.93		1.55		3.18		2.16		7.24		1.73		2.21		3.41		3.06		3.52		3.18		1.57		2.47		2.62		3.58		2.01		2.04		3.22				2.22		1.72		2.11		14.30		4.36		3.38		5.38		4.26		4.55		4.05		4.71		5.12				7.34		6.89		10.60		17.83		4.52		16.60		18.09		21.92		17.71		17.59				1.16				3.22		0.26				1.48		20.64		19.36		19.42				3.67		5.95		4.33				3.30		1.70

		CaO		0.05		0.19		0.06		0.11				9.00		8.31		6.84		7.21		4.66		5.91		7.37		2.76				2.22				2.88				1.01		1.63		1.38		0.97		1.23				0.45		0.96		0.40		1.30		0.36		0.11		0.32		1.16		0.08		0.03		0.03		0.06		0.01		0.16		0.06		0.01		0.03		0.09		0.06		0.01		0.05		0.09		0.05		0.03		0.06		0.01		0.06		0.04		0.08		0.07		0.04				0.27		0.01		0.04		1.51		0.04		0.03		0.04		0.05		0.11		0.01		0.04		0.01				0.17		0.04		0.03		0.22		0.03		0.04		0.01		0.02		0.01		0.01				0.14				0.77		1.30				1.98		< 0.02		0.04		0.03				7.81		1.11		9.85				0.15		0.26

		Na2O		0.15		< 0.15		< 0.15		< 0.15				3.49		2.35		1.61		2.80		3.32		2.13		0.49		1.76				4.26				3.73				5.44		4.05		4.03		4.11		4.36				1.67		1.32		1.69		0.59		2.50		0.23		2.62		1.38		0.12		0.11		0.30		0.06		0.11		0.09		0.18		0.15		0.05		0.83		< 0.15		0.12		< 0.15		0.18		0.20		0.03		< 0.15		0.18		< 0.15		< 0.15		< 0.15		< 0.15		0.07				0.17		0.03		0.13		0.00		0.14		0.08		< 0.15		0.01		< 0.15		0.03		0.02		0.12				< 0.15		0.09		0.13		0.03		0.00		0.05		0.03		0.03		0.03		0.03				0.93				0.87		0.97														2.80		0.48		0.50				0.24		0.18

		K2O		2.63		2.35		3.12		2.95				0.04		0.37		0.02		0.09		0.06		0.20		< 0.02		1.99				0.41				1.47				0.14		1.33		1.77		1.28		1.22				3.77		4.20		3.79		4.56		1.33		5.68		1.90		2.34		4.24		4.42		2.65		3.35		2.24		3.31		2.26		2.76		2.53		1.31		2.19		2.38		2.76		2.43		2.14		2.24		1.63		1.87		1.98		2.15		1.86		1.98		1.96				3.24		1.90		1.56		0.05		1.39		0.95		1.09		0.86		0.97		0.35		0.29		0.22				0.13		0.06		0.05		0.01		0.03		0.04		0.05		0.01		0.01		0.01				6.10				0.93		0.71														0.11		1.45		2.45				2.60		2.60

		P2O5		0.05		0.10		< 0.05		< 0.05				0.13		0.14		1.25		0.13		0.98		0.35		0.35		0.15				0.26				0.24				0.08		0.08		0.05		0.04		0.08				< 0.05		0.04		0.04		0.04		< 0.05		0.04		0.04		0.04		0.04		0.02		0.03		0.04		0.02		0.04		< 0.05		0.04		0.03		0.04		< 0.05		0.04		< 0.05		0.05		0.03		0.04		< 0.05		0.02		< 0.05		< 0.05		< 0.05		< 0.05		0.04				0.04		0.02		0.01		0.12		0.04		0.03		< 0.05		0.03		< 0.05		0.02		0.02		0.01				0.14		0.03		0.04		0.02		0.02		0.07		0.05		0.02		0.04		0.03				< 0.05																				0.30		0.12		0.10				0.03		0.03

		H2O+		2.70		3.50		2.80		2.70				3.70		4.10		4.00		4.60		4.00		3.60		4.40		4.90				3.50				1.70																1.40								1.90																				2.20								2.50				3.30		3.30						2.50				2.90		3.10		2.90		3.10																		4.10				4.40										6.00																						1.40				0.65		0.13				2.67		11.44		10.06		11.28				3.69		3.70		2.14				3.20		2.20

		H2O-																																																																																																																																																																						0.11		0.11														0.14		0.12		0.20				0.13		0.09

		CO2		0.05		0.02		0.02		0.01				7.05		3.04		0.26		4.10		2.76		0.40		0.05		2.01				1.32				2.12																0.22								0.21																				0.02								0.02				0.01		0.01						0.01				0.03		0.02		0.01		0.10																		0.05				0.02										0.02																						0.02				1.15		1.9				1.35										5.61		1.51		16.17				< 0.05		< 0.05

		S		< 0.01		< 0.01		< 0.01		< 0.01				0.05		< 0.01		0.09		< 0.01		0.02		< 0.01		0.01		< 0.01				0.01				< 0.01																< 0.01								< 0.01																				< 0.01								< 0.01				0.02		< 0.01						< 0.01				< 0.01		< 0.01		< 0.01		< 0.01																		0.15				0.02										< 0.01																						< 0.01				1.64		1.8				0.06		0.02		0.01		0.55				0.36		4.58		1.07

		F

		Cl

		SO3

		LOI		2.65		3.10		2.85		3.02				9.98		6.54		2.98		8.05		5.27		3.29		3.48		6.01				4.17				3.58				0.46		1.24		2.03		1.29		0.81				1.56		3.39		1.59		2.83		1.98		1.85		2.03		3.00		1.77		3.70		2.39		2.08		2.08		4.47		2.19		2.85		2.31		4.08		2.35		2.66		3.14		2.97		3.62		2.60		2.06		2.62		2.57		2.94		2.45		2.49		2.80				2.71		2.07		2.08		9.77		3.47		2.70		3.46		3.08		3.74		2.41		2.93		3.22				5.32		4.47		6.47		10.03		3.00		10.10		9.73		10.58		9.52		9.46				1.42

		Less O																																																																																																																																																																																						0.09		1.15		0.27

		TOTAL		98.88		99.55		98.97		98.74				99.92		99.40		100.47		100.10		100.48		99.76		100.51		100.15				100.03				99.43				99.83		100.75		100.26		100.69		99.52				100.32		99.79		99.93		100.41		100.98		99.86		100.18		98.88		99.72		99.50		99.33		99.64		99.28		99.81		101.10		100.26		99.54		100.16		101.27		100.18		102.34		102.30		99.97		100.32		101.49		100.46		101.99		102.24		101.62		102.04		100.29				100.42		100.71		99.37		100.12		99.38		100.27		103.28		99.47		103.12		100.46		99.59		100.30				105.16		99.88		99.81		100.04		97.92		98.60		99.64		100.87		99.55		100.62				98.78				100.13		100.06				97.05		100.17		99.13		99.44				100.27		100.04		100.11				99.86		99.66

																																																																																																																																																																														97.11		100.31		99.25		100.41				100.28		100.00		100.20

		Calculations

		R1		3909										1769		2044		2309		1918		1588		2181				2070				2129				2353				3225		3362		3122		3416		3177				3562		3318		3622		3600		3842		3617		3602		3343		4234		3830		4684		4470		4892		3278		4622		4416		4531		4094				4445				3960		4184		4536				4602										4519				4162		4852		4832		2122		4208		4737				4804				5179		4929		4765						4040		3092		1161		4827		1093		1175		1448		1337		1133				3095				4141		4472				4719		1821		1795		1631				1794		3129		1768				3983		4424

		R2		295		324		428		443				1445		1449		1138		1346		868		1078		1278		858				672				594				339		417		416		354		385				333		473		333		453		374		287		387		589		263		315		222		307		238		695		293		400		330		598		306		340		445		424		417		381		260		332		352		413		322		334		382				412		277		287		1198		434		341		483		380		455		335		377		416				641		548		810		1322		353		1257		1357		1548		1331		1340				300				498		394				571		1589		1539		1477				1257		652		1498				458		342

		Al / CNK		3.86										0.61		0.81		0.84		0.84		0.90		0.91				1.70				1.28				1.01				1.03		1.09		1.14		1.19		1.19				1.45		1.48		1.50		1.57		1.76		1.86		1.90		1.92		2.49		2.91		3.05		3.18		3.58		3.61		3.75		3.78		3.90		3.97				4.19				4.34		4.42		4.43				4.53										4.81				3.25		4.57		4.61		5.97		6.03		7.13				8.04				15.24		16.91		18.08						36.06		44.35		45.87		73.57		110.48		192.40		242.45		293.60		303.81				1.38				3.40		2.61				4.05		1582.91		403.02		476.84				0.64		2.77		0.55				4.08		3.27

		Fe No. (wt %)		0.88		0.87		0.30		0.34				0.64		0.65		0.83		0.64		0.87		0.79		0.76		0.70				0.74				0.93				0.91		0.95		0.82		0.83		0.98				0.58		0.43		0.57		0.65		0.47		0.77		0.52		0.54		0.79		0.73		0.80		0.38		0.57		0.39		0.59		0.28		0.53		0.27		0.71		0.60		0.58		0.61		0.55		0.48		0.74		0.60		0.65		0.54		0.74		0.75		0.53				0.46		0.67		0.62		0.54		0.60		0.64		0.57		0.53		0.69		0.55		0.56		0.57				0.68		0.61		0.56		0.54		0.62		0.56		0.52		0.40		0.51		0.54				0.71				0.62		0.94				0.66		0.29		0.33		0.39				0.78		0.63		0.68				0.54		0.63

		Fe No. (atomic)		0.80		0.79		0.20		0.22				0.50		0.51		0.73		0.50		0.78		0.69		0.64		0.57				0.62				0.88				0.85		0.92		0.73		0.74		0.96				0.44		0.30		0.43		0.51		0.34		0.65		0.38		0.40		0.68		0.61		0.69		0.25		0.43		0.26		0.44		0.18		0.39		0.17		0.58		0.45		0.43		0.47		0.41		0.34		0.61		0.46		0.51		0.40		0.61		0.63		0.39				0.32		0.53		0.48		0.39		0.45		0.50		0.43		0.39		0.55		0.40		0.42		0.42				0.54		0.47		0.42		0.40		0.47		0.42		0.38		0.27		0.37		0.40				0.58				0.48		0.89				0.52		0.19		0.21		0.26				0.67		0.49		0.55				0.40		0.49

		K No. (wt %)		0.95										0.01		0.14		0.01		0.03		0.02		0.09				0.53				0.09				0.28				0.03		0.25		0.31		0.24		0.22				0.69		0.76		0.69		0.89		0.35		0.96		0.42		0.63		0.97		0.98		0.90		0.98		0.95		0.97		0.93		0.95		0.98		0.61				0.95				0.93		0.91		0.99				0.91										0.97				0.95		0.98		0.92		1.00		0.91		0.92				0.99				0.92		0.94		0.65						0.40		0.28		0.25		1.00		0.44		0.62		0.25		0.25		0.25				0.87				0.52		0.42														0.04		0.75		0.83				0.92		0.94

		K No (atomic)		0.92										0.01		0.09		0.01		0.02		0.01		0.06				0.43				0.06				0.21				0.02		0.18		0.22		0.17		0.16				0.60		0.68		0.60		0.84		0.26		0.94		0.32		0.53		0.96		0.96		0.85		0.97		0.93		0.96		0.89		0.92		0.97		0.51				0.93				0.90		0.88		0.98				0.87										0.95				0.93		0.98		0.89		1.00		0.87		0.89				0.98				0.88		0.91		0.55						0.30		0.20		0.18		1.00		0.34		0.52		0.18		0.18		0.18				0.81				0.41		0.33														0.03		0.67		0.76				0.88		0.90

		Minor elements

		Cl (ppm)

		F (ppm)

		HFS elements (as noted)

		Ba (XRF)																																						77		430		566		564		409				923				921		893		200				270																1220								1220				553		1170				409		860				1030		466		1080		876		634				855		1068		288								204				369		295				217				60						< 10						10		130		20		120																								86		175		850

		Ba (ICP-MS)		692		1210		648		749				181		175		18		31		75		170		11		740				191				760																																																																																																																																1320

		Ba (INAA)

		Ba (other)

		Rb  (XRF)		33		27		29		31				5		11		11		12		6		8		12		45				15				34				< 2		17		24		15		15				30				32		54		20				19																39								29				30		31				28		17				38		27		24		24		21				41		20		18								30				22		2				2				27						5						6		1		6		1				56

		Rb  (ICP-MS)

		Rb (INAA)

		Rb (other)

		Sr  (XRF)		12		5								114		279		199		162		196		2		400		86				115				158				159		118		69		93		157				29				37		30		43				45																20								4				8		11				10		3				6		19				14		16				28		15		17								2				3		2				3										2						1		2		2		1				29

		Sr  (ICP-MS)

		Sr (INAA)

		Sr (other)

		Y  (XRF)		37		19		18		21				16		10		54		10		50		38		48		18				14				23				23		29		60		48		32				47		36		43		51		43		40		51		53		30		52		28		36		32		38		6		38		56		50		54		48		47		55		54		54		25		36		51		43		37		40		56				51		38		36		39		56		49		36		58		58		30		40		32				7		94		60		28		24		88		103		30		99		69				42

		Y  (ICP-MS)

		Y (INAA)

		Y (other)

		Zr  (XRF)		173		156		195		172				62		68		268		64		395		159		159		95				98				179				141		142		183		158		161				142		200		165		180		145		190		185		180		180		230		160		180		160		210		148		200		190		200		160		180		173		189		180		185		120		160		150		160		157		157		189				188		141		131		140		170		150		152		150		171		107		120		127				92		140		210		240		69		100		225		322		269		221				137

		Zr  (ICP-MS)

		Zr (INAA)

		Zr (other)

		Nb  (XRF)		10		3		11		8				2				10		8		14		6		12		7				2				11				6		6		4		7		7				7		12		7		8		5		12		7		12		12		12		10		12		12		12		31		12		12		12		5		12		9		3		12		7		6		10		3		3				6		7				8		6		6		12		12		10		8		12		4		5		10		7				14		12		16		13		6		12		16		14		15		14				7

		Nb  (ICP-MS)

		Nb (INAA)

		Nb (other)

		Ta  (ICP-MS)

		Ta (INAA)																																						0.4		0.5				0.5		0.5								0.5		0.5						0.5																																		0.5														0.5				0.6		0.4		0.4														0.4				0.3										0.6						0.6		0.9		0.8		0.7

		Ta (other)

		Hf  (ICP-MS)

		Hf (INAA)																																						4.2		4.1				5.0		4.6								4.9		5.6						5.2																																		5.2														5.2				6.3		3.8		3.8														3.0				3.3										7.7						6.2		9.4		8.9		7.1

		Sc (XRF)

		Sc  (ICP-MS)		11		10		3		3				28		32		39		34		44		39		39		30				25				13																																																																																																																																7

		Sc (INAA)																																						6		8				6		9				6				6		7		5				6																9								9				12		9				10		6				9		11		7		10		10				7		5		5								5				9		3				3				31						19						8		22		8		9

		Sc (other)

		Cs  (XRF)

		Cs  (ICP-MS)

		Cs (INAA)																																						0.2		0.4				0.6		0.3								0.5		1.2						0.4																																		0.4														0.3				0.9		0.4		0.9														0.3				0.8										1.2						1.6		0.7		3.4		2.0

		Cs (other)

		Light metals (as noted)

		B (ICP-MS)

		Be (ICP-MS)		2		< 1		1		1				< 1		< 1		2		< 1		3		< 1		< 1		< 1				1				2																																																																																																																																1

																																																				< 1								< 1																				< 1								< 1				1		< 1						< 1				< 1		< 1		< 1		< 1																		< 1				< 1										< 1

		Be (other)

		Li (ICP-MS)		12		8		12		11				23		16		12		23		10		9		14		18				16				8																																																																																																																																8

		Li (other)																																																		11								10																				5								6				10		7						5				7		11		7		7																		14				16										34

		Ga (XRF)																																																		8								18																				17								22				20		18						8				13		13		8		9																		18				7										5

		Ga (ICP-MS)		6		< 4		21		15				< 4		8		< 4		7		< 4		9		16		6				< 4				7																																																																																																																																21

		Ga (other)

		U, Th, LREE (as noted)

		U (XRF)

		U (ICP-MS)

		U (INAA)

		U (DN or other)		2.7		2.7		2.9		3.3																														1.60		1.50				1.50		1.70				2.0				2.00		2.30		1.8				2.30																								1.9						2.1				2.00						2.0		1.9		1.8				1.90				2.70		2.20		1.60												2.0		1.30				2.10				1.0						2.10						2.60		4.30		4.50		2.90

		Th (XRF)

		Th (ICP-MS)

		Th (INAA)

		Th (DN or other)		4.0		3.3		6.4		6.5																														3.90		3.80				4.00		4.30				3.5				4.00		4.50		3.6				4.20																								4.0						5.2				3.70						4.1		3.6		3.6				3.70				4.80		3.20		3.10												4.3		2.60				2.60				1.9						5.20						5.30		8.30		7.10		5.40

		La (XRF)		34		13		8		23				6		6		32		4		33		19		21		11				17				32																23								22																				25								26				29		23						17				23		26		23		26																		23				26										7																						24

		Ce (XRF)		67		25		37		32				14		7		85		8		86		58		56		22				26				51																51								49																				53								55				77		58						41				54		63		54		62																		51				60										22																						46

		Nd (XRF)

		Base metals (as noted)

		Cu (XRF)		162		88		37		8				72		100				103		62		10		9		51				31								< 5		< 5				< 5		< 5				2				< 5		< 5		22				< 5																27								19				81		11				31		34				31		32		6		52		< 5				406		228		194								20						178				37				31						31								1092				401				14

		Cu (ICP-MS)

		Cu (INAA)

		Cu (other)																																																																																																																																																																												200		< 200		< 200		400

		Pb (XRF)																																						10		8		11		9		11				< 4				9		8		< 4				7																< 4								< 4				< 4		< 4				9		< 4				< 4		< 4		< 4		< 4		6				23		56		31								10				< 4		20				13				< 4						8						112		8		31		82

		Pb (ICP-MS)		< 4		< 4		< 4		< 4				9		11		7		6		13		40		10		< 4				5				4																																																																																																																																< 4

		Pb (INAA)

		Pb (other)

		Zn (XRF)		84		25		45		50				226		130		153		123		174		566		177		105				120				194				31		34				31		51								29		34		72				34																44								25				422		63				80		117				39		98		33		230		129				346		261		161								223				148		306				437				10						516						912		700		1033		977				63

		Zn (ICP-MS)

		Zn (INAA)

		Zn (other)																																																																																																																																																																												400		1400		1200		2700

		Ni (XRF)																																																		< 3								< 3																				< 3								< 3				< 3		3						< 3				< 3		3		3		< 3																		< 3				< 3										22

		Ni (ICP-MS)		< 3		< 3		4		4				25		30		< 3		30		< 3		14		17		20				< 3				50																																																																																																																																< 3

		Ni (INAA)

		Ni (other)

		Cr (XRF)																																																		17								28																				18								21				19		20						20				19		19		23		20																		24				29										58

		Cr (ICP-MS)		24		29		21		40				55		53		39		78		39		40		43		39				25				46																																																																																																																																16

		Cr (INAA)

		Cr (other)

		Co (XRF)																																						2		2						2				3				2		2		3				2																3								2				< 2		4				1		< 2				3		3		5		2		2				0		1		2								9				7		0				6				25						29						14		10		15		15

		Co (ICP-MS)		< 2		5		< 2		< 2				25		30		29		32		14		35		37		33				17				17																																																																																																																																< 2

		Co (INAA)

		Co (other)

		V (XRF)																																						8		8				10		12				10				7		10		10				9																< 2								2				4		5				4		2				2		5		4		2		3				10		10		5								8				11		7				5				225						1						9		9		15		7

		V (ICP-MS)		10		8		9		7				186		221		102		241		40		422		404		261				83				128																																																																																																																																< 2

		V (INAA)

		V (other)

		Mo (XRF)																																																		3								2																				3								3				3		3						2				4		4		3		5																		14				7										5

		Mo (ICP-MS)		4		6		4		4				5		5		7		4		7		7		6		6				4				4																																																																																																																																3

		Mo (INAA)

		Mo (other)

		Sn (XRF)																																																		< 50								< 50																				< 50								< 50				< 50		< 50						< 50				< 50		< 50		< 50		< 50																		< 50				< 50										< 50

		Sn (ICP-MS)		< 50		< 50		< 50		< 50				< 50		< 50		< 50		< 50		< 50		< 50		< 50		< 50				< 50				< 50																																																																																																																																< 50

		Sn (ICP-MS)

		Sn (other)

		W (XRF)





TK plut

		TK plu		34.1868		34.2132		34.1656										34.45904		34.4598		34.46189										34.405		34.4097				34.34481		34.4027								34.4626		34.46098

		Decimal long		-112.2901		-112.3022		-112.3166										-112.29552		-112.2942		-112.26070										-112.4181		-112.4187				-112.26784		-112.4134								-112.3727		-112.37316

		30x60 quad		Bradshaw Mts		Bradshaw Mts		Bradshaw Mts												Bradshaw Mts												Bradshaw Mts		Bradshaw Mts						Bradshaw Mts								Bradshaw Mts

		7 1/2 quad		Crown King		Crown King		Crown King												Poland Jct												Groom Ck		Groom Ck						Groom Ck								Poland Jct

		Twp		10N		10N		10N												13N												12N		12N						12N								13N

		Rng		1EW		1W		1EW												1E												2W		2W						2W								1W

		Sec		(uns)		(uns)		(uns)												31												12		1						12								33

		Elev		5170		5960		6400												5070												6650		7290						6770								6240

		Mag susc		3800		4000		3800												4000												450		3800						20								3800

		Scint		30		30		30												20																												45

		Age		TK		TK		TK				K		K				K		K		K		K		K		K				TKY		TKY				TK		TK		TK		TK				K		K		K				K		K		K		K		K		K		K		K		K				K		K		K		K				K		K		K				TK		TK		TK

		Source		DeWitt unpub		DeWitt unpub		DeWitt unpub				Vrba 1980		Vrba 1980				Anderson+ 1972b		DeWitt unpub		Anderson+ 1972b		Sturdevant 1975		Sturdevant 1975		Sturdevant 1975				DeWitt unpub		DeWitt unpub				Anderson+ 1972b and Blacet 1985		DeWitt unpub		Anderson+ 1972b		Anderson+ 1972b				DeWitt unpub		Anderson+ 1972b		Krieger 1965 and Anderson+ 1972b				Ball 1982		Ball 1982		Ball 1982		Ball 1982		Ball 1982		Ball 1982		Ball 1982		Ball 1982		Ball 1982				Ball 1982		Ball 1982		Ball 1982		Ball 1982				Ball 1982		Ball 1982		Ball 1982				Ball 1982		Ball 1982		Ball 1982

		Location										NE Cleator		NE Cleator				Henrietta mine				Huron mine		Unknown		Unknown		Unknown				Mt Union west		Crook Cyn				W of Mayer		Mt Union lower		S portal Poland tunnel		Tip Top mine, S Bradshaw						E end stock		Sheldon mine				main stock		main stock		main stock		main stock		main stock		main stock		main stock		main stock		main stock				cuts stock		cuts stock		cuts stock		cuts stock				in breccia pipes in stock		in breccia pipes in stock		in breccia pipes in stock				In stock		In stock		In stock

		Map unit		TKgd		TKgd		TKgd				Kt		Kt				Kt		Kt		Kt		Kt		Kt		Kt										TKgd		TKgd		TKgd		TKgd				Kt		Kt		Kt				Kt		Kt		Kt		Kt		Kt		Kt		Kt		Kt		Kt				TKgd		TKgd		TKgd		TKgd				TKgd		TKgd		TKgd				TKr?		TKr?		TKr?

		Field #		11-28-84-8A		11-28-84-4		11-28-84-7				VRBG2		VRBG1				B1336-12 (2)		7-5-89-4		B1336-12 (1)		Sturdevant 302		Sturdevant 45		Sturdevant 351				5-19-97-2C		5-19-97-1D				B1336-12 (6) and B1548-3 (1)		5-19-97-3A		B1336-12 (5)		B1336-12 (7)				11-30-84-1		B1336-12 (3)		PP467-8 (3) and B1336-12 (4)				CK WR-11A		CK WR-3A		CK WR-1A		CK WR-2A		CK WR-10A		CK WR-4A		CK WR1 811A		CK WR1-942A		CK WR-9A				CK WR-13A		CK WR-12A		CK WR-5A		CK WR-8A				CK-1-1850		CK-1-1929		CK-1-1899				CK WR-6A		CK WR-7A		CK WR-14

		Lab #		D-363814		D-363817		D-363815												D-335342												C-100891		C-100888						C-100892								D-363811

		Alteration																						fresh		fresh		prop

		Mineralization

		Rock type		gd		gd		gd				gd		gd				gd		gd		gd		ton		ton		ton				diorite		diorite				rhy por		rhy		rhy por		rhy por				gd		gd		gd				gd		gd		gd		gd		gd		gd		gd		gd		gd				dac por		dac por		dac por		dac por				dac por		dac por		dac por				rhy		rhy		rhy

		Suite		Crown King dike		Crown King		Crown King				Cleator NE		Cleator NE				Poland Jct		Poland Jct		Poland Jct		Poland Jct		Poland Jct		Poland Jct				TK di dike (Ydb?)		TK di dike (Ydb?)				TK dike		TK dike		TK dike		TK dike				Walker		Walker		Walker				Crown King		Crown King		Crown King		Crown King		Crown King		Crown King		Crown King		Crown King		Crown King				Crown King rad dike		Crown King rad dike		Crown King rad dike		Crown King rad dike				Crown King dac por		Crown King dac por		Crown King dac por				Crown King rhy dike		Crown King rhy dike		Crown King rhy dike

		Major elements (XRF)

		SiO2		63.40		66.7		66.60				67.8		68.5				63.6		62.00		61.5		63		65		70				47.30		45.50				69.1		67.20		65.83		71.2				65.8		65.7		65.74				66.84		64.07		64.42		64.44		66.09		64.58		65.24		65.86		66.56				65.81		65.31		66.26		65.13				65.96		66.21		65.77				69.35		69.55		66.86

		TiO2		0.53		0.40		0.40				0.6		0.4				0.58		0.54		0.54		0.54		0.48		0.3				1.69		1.24				0.25		0.24								0.39		< 0.05						0.48		0.47		0.46		0.45		0.45		0.42		0.39		0.36		0.31				0.47		0.46		0.43		0.43				0.31		0.29		0.27				0.25		0.23		0.22

		Al2O3		16.90		16.6		16.60				18		16.8				15.8		16.90		16		15.2		16.4		16.2				14.30		15.00				16.5		15.80		15.76		17.57				16.1		16.9		16.76				16.79		16.60		16.36		16.03		16.65		16.07		15.61		15.90		15.82				16.19		16.97		16.17		16.62				15.65		16.07		16.07				16.16		16.54		15.58

		Fe2O3										1.2		1.1				2.8				2.8																1.6												2.1

		FetO3		4.22		3.19		3.26												4.82				6		4.5		3.1				15.30		9.08						1.68		2.51		1.5				3.71				3.99

		FeOt																																																						3.98		4.80		4.53		4.63		4.47		4.41		3.97		3.89		4.21				4.25		4.03		4.17		5.20				2.87		3.06		3.06				2.63		2.42		2.18

		FeO										2.3		2.3				2.4				2.1																0.46												1.8

		MnO		0.04		0.03		0.05				0.1		0.1				0.05		0.05		0.09		0.13		0.09		0.04				0.27		0.17				0.03		0.06								0.05		0.06						0.10		0.08		0.10		0.12		0.13		0.08		0.04		0.06		0.09				0.02		0.04		0.06		0.12				0.09		0.11		0.02				0.02		0.05		0.09

		MgO		1.73		1.05		1.04				0.8		1.2				1		2.18		2.4		2		1.94		0.75				6.21		7.52				0.15		0.53		0.79		0.21				1.54		1.8		1.7				1.61		2.09		1.93		1.89		1.58		1.93		1.59		1.46		1.75				1.75		1.48		1.56		1.65				1.05		1.18		1.16				0.53		0.19		0.65

		CaO		4.15		3.63		3.56				3.1		1.8				4.9		4.91		4.9		4.5		3.8		2.85				9.21		8.60				0.59		2.38		3.16		0.37				3.75		4.1		3.78				3.04		4.35		4.30		4.23		4.10		4.09		3.14		3.11		2.80				3.35		4.06		3.78		3.91				2.73		2.83		2.60				1.76		0.01		1.40

		Na2O		4.49		4.86		4.81				4.3		4.1				4.2		4.30		5		4.01		4.17		4.27				2.41		3.82				5.8		4.51		2.84		0.05				4.16		3.9		3.37				5.62		4.92		4.90		4.80		5.09		4.89		4.82		5.09		4.78				4.87		5.70		4.77		5.41				4.60		4.99		4.78				4.46		4.94		4.46

		K2O		2.71		2.63		2.53				3.5		3.2				2.5		2.39		2.5		1.84		2.75		0.95				0.92		3.34				3.6		4.18		4.15		5.92				3.09		2.7		3.55				2.26		2.37		2.46		2.50		2.45		2.48		2.71		2.74		2.74				2.42		2.31		2.35		2.25				2.59		2.62		2.78				3.26		3.68		3.55

		P2O5		0.22		0.18		0.19										0.45		0.24		0.2										0.43		0.88				0.37		0.11								0.17		0.16						0.24		0.36		0.34		0.33		0.31		0.33		0.25		0.25		0.20				0.28		0.32		0.30		0.30				0.20		0.20		0.19				0.15		0.05		0.12

		H2O+																0.66				1.3																1.0		1.3										0.48

		H2O-																0.29				0.31																0.44												0.22

		CO2																0.05				< 0.05																0.12		2.13										0.08

		S																																						0.12																0.06		0.00		0.00		0.00		0.01		0.01		0.20		0.01		0.13				0.04		0.03		0.00		0.01				0.00		0.00		0.00				0.02		0.14		0.03

		F

		Cl

		LOI		1.11		0.50		0.62												0.99				0.55		1.57		5.89				1.80		3.60						2.90		5.41		2.86				0.65

		Less O

		TOTAL		99.50		99.77		99.66				101.70		99.50				99.28		99.32		99.64		97.77		100.70		104.35				99.84		98.75				100.01		103.14		100.45		99.68				99.41		100.00		98.89				101.01		100.11		99.80		99.42		101.32		99.29		97.96		98.73		99.39				99.46		100.72		99.85		101.03				96.05		97.57		96.71				98.60		97.80		95.13

		Calculations

		R1		1875		2011		2044				2060		2256				2008		1908		1593		2177		2080		2837				1653		635				1641		1848		2342		3302				2079		2255		2251				1805		1820		1838		1862		1886		1851		1877		1821		1971				1956		1660		2043		1735				2065		1931		1939				2191		1942		1974

		R2		861		766		758				724		582				884		965		957		879		825		660				1574		1587				394		591		686		395				793		859		818				734		895		877		861		844		849		721		717		697				763		841		799		826				651		677		651				532		335		488

		Al / CNK		0.95		0.95		0.97				1.09		1.25				0.85		0.91		0.81		0.91		0.98		1.22				0.66		0.59				1.14		0.97		1.06		2.45				0.95		1.01		1.03				0.98		0.89		0.88		0.88		0.90		0.89		0.94		0.94		0.99				0.97		0.88		0.94		0.90				1.02		0.99		1.03				1.15		1.36		1.14

		Fe No. (wt %)		0.69		0.73		0.74				0.81		0.73				0.83		0.67		0.66		0.73		0.68		0.79				0.69		0.52				0.93		0.74		0.74		0.87				0.68		0.67		0.68				0.71		0.70		0.70		0.71		0.74		0.70		0.71		0.73		0.71				0.71		0.73		0.73		0.76				0.73		0.72		0.73				0.83		0.93		0.77

		Fe No. (atomic)		0.55		0.61		0.61				0.70		0.61				0.73		0.53		0.52		0.60		0.54		0.68				0.55		0.38				0.88		0.62		0.62		0.78				0.55		0.53		0.54				0.58		0.56		0.57		0.58		0.61		0.56		0.58		0.60		0.57				0.58		0.60		0.60		0.64				0.61		0.59		0.60				0.74		0.88		0.65

		K No. (wt %)		0.38		0.35		0.34				0.45		0.44				0.37		0.36		0.33		0.31		0.40		0.18				0.28		0.47				0.38		0.48		0.59		0.99				0.43		0.41		0.51				0.29		0.33		0.33		0.34		0.32		0.34		0.36		0.35		0.36				0.33		0.29		0.33		0.29				0.36		0.34		0.37				0.42		0.43		0.44

		K No (atomic)		0.28		0.26		0.26				0.35		0.34				0.28		0.27		0.25		0.23		0.30		0.13				0.20		0.37				0.29		0.38		0.49		0.99				0.33		0.31		0.41				0.21		0.24		0.25		0.26		0.24		0.25		0.27		0.26		0.27				0.25		0.21		0.24		0.21				0.27		0.26		0.28				0.32		0.33		0.34

		Minor elements

		Cl (ppm)

		F (ppm)

		HFS elements (as noted)

		Ba (XRF)		1150		1290		1210												1060												405		1380						898								1090								715		1332		1309		1283		1330		1211		1142		1394		1098				1655		1210		1225		1145				1092		1147		1222				830		1074		978

		Ba (ICP-MS)

		Ba (INAA)

		Rb  (XRF)		63		60		64												75												31		92						172								82								78		45		42		47		49		49		69		59		44				66		45		45		45				62		62		73				89		107		101

		Rb  (ICP-MS)

		Rb (INAA)

		Sr  (XRF)		851		956		950												918												315		1300						192								753								1034		1113		1099		1118		1073		1063		1039		980		871				1095		1347		1083		1094				982		990		980				802		850		801

		Sr  (ICP-MS)

		Sr (INAA)

		Y  (XRF)		8		8		8												9												37		22						12								9

		Y  (ICP-MS)

		Y (INAA)

		Zr  (XRF)		139		127		123												123												133		177						182								106

		Zr  (ICP-MS)

		Zr (INAA)

		Nb  (XRF)		< 10		< 10		< 10												< 10												3		45						41								< 10

		Nb  (ICP-MS)

		Nb (INAA)

		Ta  (ICP-MS)

		Ta (INAA)

		Hf  (ICP-MS)

		Hf (INAA)

		Sc  (ICP-MS)

		Cs  (XRF)

		Cs  (ICP-MS)

		Cs (INAA)

		Light metals (as noted)

		B (ICP-MS)

		Be (ICP-MS)

		Li (ICP-MS)

		Ga (XRF)

		Ga (ICP-MS)

		U, Th, LREE (as noted)

		U (XRF)

		U (ICP-MS)

		U (INAA)

		U (DN)		1.26		0.91		0.86												1.23																												1.97

		Th (XRF)

		Th (ICP-MS)

		Th (INAA)

		Th (DN)		2.90		3.20		2.40												3.20																												4.40

		La (XRF)

		Ce (XRF)

		Nd (XRF)

		Base metals (as noted)

		Cu (XRF)		9		3		5												10																												44								216		50		22		15		18		25		82		41		70				238		22		162		26				18		22		16				75		51		29

		Cu (ICP-MS)

		Pb (XRF)																																																						8		32		139		55		11		6		7		8		12				14		0		16		13				31		25		38				17		6		22

		Pb (ICP-MS)

		Pb (INAA)

		Zn (XRF)		85		35		59												47																												43								56		70		87		71		62		62		78		54		61				88		56		62		62				64		58		61				54		49		55

		Zn (ICP-MS)

		Ni (XRF)		6		< 5		< 5												10																												< 5

		Ni (ICP-MS)

		Ni (INAA)

		Cr (XRF)		< 20		< 20		< 20												< 20																												< 20

		Cr (ICP-MS)

		Cr (INAA)

		Co

		Co (ICP-MS)

		Co (INAA)

		V (XRF)

		V (ICP-MS)

		V (INAA)

		Mo (XRF)																																																						156		5		2		2		1		4		22		11		3				7		9		4		8				4		3		1				2		16		0

		Mo (ICP-MS)

		Sn (XRF)																																																						0		4		10		7		4		7		3		3		3				6		5		3		6				6		7		4				5		3		2

		Sn (ICP-MS)

		Sn (ICP-MS)

		W (XRF)

																																																								0.24		0.36		0.34		0.33		0.31		0.33		0.25		0.25		0.20				0.28		0.32		0.30		0.30				0.20		0.20		0.19				0.15		0.05		0.12

																																																								Crown King (K)		Crown King (K)		Crown King (K)		Crown King (K)		Crown King (K)		Crown King (K)		Crown King (K)		Crown King (K)		Crown King (K)				Crown King (K) rad dike		Crown King (K) rad dike		Crown King (K) rad dike		Crown King (K) rad dike				Crown King (K) dac por		Crown King (K) dac por		Crown King (K) dac por				TK rhy dike		TK rhy dike		TK rhy dike

																																																								1034		1113		1099		1118		1073		1063		1039		980		871				1095		1347		1083		1094				982		990		980				802		850		801

																																																								78		45		42		47		49		49		69		59		44				66		45		45		45				62		62		73				89		107		101

																																																								Crown King (K)		Crown King (K)		Crown King (K)		Crown King (K)		Crown King (K)		Crown King (K)		Crown King (K)		Crown King (K)		Crown King (K)				Crown King (K) rad dike		Crown King (K) rad dike		Crown King (K) rad dike		Crown King (K) rad dike				Crown King (K) dac por		Crown King (K) dac por		Crown King (K) dac por				TK rhy dike		TK rhy dike		TK rhy dike

																																																								Crown King (K)		Crown King (K)		Crown King (K)		Crown King (K)		Crown King (K)		Crown King (K)		Crown King (K)		Crown King (K)		Crown King (K)				Crown King (K) rad dike		Crown King (K) rad dike		Crown King (K) rad dike		Crown King (K) rad dike				Crown King (K) dac por		Crown King (K) dac por		Crown King (K) dac por				TK rhy dike		TK rhy dike		TK rhy dike

																																																												0.00

																																																												0.00

																																																												0.00

																																																												0.00

																																																												0.00

																																																												0.00

																																																												0.00

																																																												0.00

																																																												0.00

																																																												0.00

																																																												0.00

																																																												0.00

																																																												0.00

																																																												0.00

																																																								Crown King (K)		Crown King (K)		Crown King (K)		Crown King (K)		Crown King (K)		Crown King (K)		Crown King (K)		Crown King (K)		Crown King (K)				Crown King (K) rad dike		Crown King (K) rad dike		Crown King (K) rad dike		Crown King (K) rad dike				Crown King (K) dac por		Crown King (K) dac por		Crown King (K) dac por				TK rhy dike		TK rhy dike		TK rhy dike





T v1

		Decimal lat				34.5923																		34.9181																												34.3168												35.0597		35.0597		34.7198		34.35050		34.8002		35.1432																						34.7554																																																																																		35.1055				34.5416																																34.41146				34.42003		34.4163				34.49081		34.30572		34.36276		34.29779		34.43022								34.7029										34.7042						34.6999																																		34.464		34.464		34.3921		34.5313																																																								34.33678		34.26778

		Decimal long				-112.8086																		-112.2847																												-112.5324												-112.7904		-112.7904		-112.7324		-112.19299		-112.9613		-112.8586																						-112.2588																																																																																		-112.9162				-112.7802																																-112.30774				-112.37327		-112.3704				-112.23958		-112.18638		-112.17513		-112.16732		-112.18065								-112.1592										-112.1385						-112.121																																		-111.9388		-111.9388		-112.0377		-111.9445																																																								-112.36884		-112.29565

		30x60 quad				Prescott																		Prescott																												Bradshaw Mts												Williams		Williams		Prescott				Prescott		Williams																						Prescott																																																																																		Williams				Prescott																																						Bradshaw Mts																				Prescott										Prescott						Prescott																																		Payson		Payson		Bradshaw Mts		Sedona

		7 1/2 quad				Martin Mtn																		Hell Point																												Walnut Grove												Red Mtn		Red Mtn		Mt Josh				Camp Wood		Turkey Cyn NE																						King Cyn																																																																																		Turkey Cyn				Martin Mtn																																						Poland Jct																				Hickey Mtn										Hickey Mtn						Cottonwood																																		Arnold Mesa		Arnold Mesa		Estler Pk		Middle Verde

		Twp				15N																		18N																												11N												19N		19N		16N				17N		20N																						16N																																																																																		20N				14N																																						12N																				15N										15N						15N																																		12 1/2N		12 1/2N		13N		13N

		Rng				5W																		1E																												3W												5W		5W		5W				6W		6W																						1E																																																																																		6W				5W																																						1W																				2E										2E						2E																																		4E		4E		3E		4E

		Sec				32																		29																												12												4		4		25				29		1																						21																																																																																		20				(uns)																																						4																				(uns)										(uns)						(uns)																																		33		33		27		8

		Elev				4800																		4300																												3970																5070				6440																																																																																																														5060																																						7060																				6740										7380						7750																																		5130		5130		4080		4600

		Mag susc				1600																		300																												600												1600		400		800				800		200																						1200																																																																																		500				300																																						1800																				4000										2200						1600																																		725		2200		500		1200

		Scint				30																																														45												30		75		50				120		75																						120																																																																																		85																																										20																				25										10						10																																						45		30

		Age		T		T		T		T				T		T		T		T		T		T		T		T		T		T		T		T		T				T		T				T				T		T		T		T				T		T		T		T		T		T		T		T		T		T		T		T		T		T		T		T		T		T		T		T		T		T		T		T		T		T		T		T		T		T		T		T		T		T		T		T		T		T		T		T		T		T		T		T		T		T		T		T		T		T		T		T		T		T		T		T		T				T				T				T		T		T		T		T		T		T		T		T				T		T		T				T		T		T		T				T		T		T		T		T				T		T		T		T		T		T		T		T		T		T		T		T		T				T		T		T		T				T		T		T		T				T		T		T		T		T		T		T				T		T		T		T		T		T		T		T				T		T		T		T		T				T		T		T				T		T				T		T		T				T		T				T		T		T				T				T		T		T				T				T		T		T				T		T				T		T		T		T				T		T				T				T				T				T				T		T		T		T		T				T				T		T		T				T		T				T		T		T		T		T

		Source		DeWitt unpub		DeWitt unpub		DeWitt unpub		DeWitt unpub				DeWitt unpub		McKee+ 1971		DeWitt unpub		DeWitt unpub		McKee+ 1971		DeWitt unpub		DeWitt unpub		McKee+ 1971		McKee+ 1971		Wittke+ 1989		McKee+ 1971		DeWitt unpub		DeWitt unpub				McKee+ 1971		McKee+ 1971				DeWitt unpub				DeWitt unpub		McKee+ 1971		McKee+ 1971		McKee+ 1971				DeWitt unpub		DeWitt unpub		DeWitt unpub		DeWitt unpub		Anderson 1972 and? McKee+ 1971		DeWitt unpub		DeWitt unpub		McKee+ 1971		McKee+ 1971		DeWitt unpub		Ash 1997		Ash 1997		Ash 1997		DeWitt unpub		Ash 1997		Ash 1997		Ash 1997		DeWitt unpub		Tyner 1979 in Tyner 1984		Tyner 1979 in Tyner 1984		Tyner 1979 in Tyner 1984		D Smith in Tyner 1984		Krieger+ 1971 in Tyner 1984		Tyner 1979 in Tyner 1984		Tyner 1979 in Tyner 1984		Tyner 1979 in Tyner 1984		D Smith in Tyner 1984		Arculus+ 1979 in Tyner 1984 table 1		Krieger+ 1971 in Tyner 1984		D Smith in Tyner 1984		Schulze+ 1979 in Tyner 1984, table 1		Schulze and Helmstaedt, 1979		Tyner 1979 in Tyner 1984		D Smith in Tyner 1984		Tyner 1979 in Tyner 1984		Tyner 1979 in Tyner 1984		D Smith in Tyner 1984		D Smith in Tyner 1984		D Smith in Tyner 1984		D Smith in Tyner 1984		Ward 1993		Ward 1993		Ward 1993		Ward 1993		Ward 1993		Ward 1993		Ward 1993		Ward 1993		Ward 1993		Ward 1993		Ward 1993		Ward 1993		Ward 1993		Ward 1993		Ward 1993		Ward 1993		Ward 1993				DeWitt unpub				DeWitt unpub				Nichols Boyd 2001		Nichols Boyd 2001		Nichols Boyd 2001		Nichols Boyd 2001		Nichols Boyd 2001		Nichols Boyd 2001		Nichols Boyd 2001		Nichols Boyd 2001		Nichols Boyd 2001				McKee+ 1971		McKee+ 1971		McKee+ 1971				McKee+ 1971		McKee+ 1971		Anderson+ 1972 and? McKee+ 1971		DeWitt unpub				Anderson+ 1972 and? McKee+ 1971		Anderson 1972 and? McKee+ 1971		Anderson 1972 and? McKee+ 1971		Anderson 1972 and? McKee+ 1971		Anderson+ 1972 and? McKee+ 1971				Wittke+ 1989		Wittke+ 1989		DeWitt unpub		Wittke+ 1989		McKee+ 1971		McKee+ 1971		Wittke+ 1989		DeWitt unpub		Wittke+ 1989		Wittke+ 1989		DeWitt unpub		Wittke+ 1989		McKee+ 1971				Wittke+ 1989		McKee+ 1971		McKee+ 1971		Wittke+ 1989				Wittke+ 1989		Wittke+ 1989		Wittke+ 1989		Wittke+ 1989				McKee+ 1971		McKee+ 1971		McKee+ 1971		DeWitt unpub		DeWitt unpub		DeWitt unpub		DeWitt unpub				Wittke+ 1996		Holm+ 1998		Holm+ 1998		Wittke+ 1996		Holm+ 1998		Holm+ 1998		Holm+ 1998		Holm+ 1998				Holm+ 1998		Holm+ 1998		Holm+ 1998		Holm+ 1998		Holm+ 1998				Holm+ 1998		Holm+ 1998		Holm+ 1998				Holm+ 1998		Holm+ 1998				Holm+ 1998		Holm+ 1998		Holm+ 1998				Blacet 1985		Blacet 1985				Duncan+ 1993		Duncan+ 1993		Duncan+ 1993				Duncan+ 1993				Arney+ 1985		Arney+ 1985		Arney+ 1985				Arney+ 1985				Arney+ 1985		Arney+ 1985		Arney+ 1985				Arney+ 1985		Arney+ 1985				Arney+ 1985		Arney+ 1985		Arney+ 1985		Arney+ 1985				Nealey unpub		Nealey unpub				Nealey unpub				Nealey unpub				Nealey unpub				Nealey unpub				Nealey unpub		Nealey unpub		Nealey unpub		Nealey unpub		Nealey unpub				Nealey unpub				Nealey unpub		Nealey unpub		Nealey unpub				Nealey unpub		Nealey unpub				Nealey unpub		Nealey unpub		Nealey unpub		Nealey unpub		Nealey unpub

		Location		Smith Mesa		Bald Mtn W		Del Rio drill hole		King Cyn				2nd flow, below Sullivan Lk		Black Mesa		Cinder pit N of Paulden		Top flow, Drake		Hell Cyn		Hell Point		2nd flow, Highway cut		N Tapco		N Tapco		Near Drake		Paulden		1st? flow, RR overpass		1st flow, N Verde R				N Cedar Ck		E Government Ck				Bear Mtn				Black Mtn		Black Mtn		Blind Indian Ck		W Walnut Grove				Cap lati-bas, W Chino Vly		Juniper Mts (Chino Vly SW)		Juniper Mts (Chino Vly SW)		Cottonwood Mtn		E Bluebell		Hyde Mtn		Juniper cone		Matthews Mtn		NW Pinnacle		Santa Maria		Santa Maria		Santa Maria		Santa Maria		Santa Maria		Santa Maria		Santa Maria		Santa Maria		St Matthews Mtn		Sullivan Buttes		Sullivan Buttes		Sullivan Buttes		Sullivan Buttes		Sullivan Buttes		Sullivan Buttes		Sullivan Buttes		Sullivan Buttes		Sullivan Buttes		Sullivan Buttes		Sullivan Buttes		Sullivan Buttes		Sullivan Buttes		Sullivan Buttes		Sullivan Buttes		Sullivan Buttes		Sullivan Buttes		Sullivan Buttes		Sullivan Buttes		Sullivan Buttes		Sullivan Buttes		Sullivan Buttes		Pinn NW		Pinn SW		Pinn NW		Pinn E		Pinn NW		Pinn NW		Pinn		Pinn		Pinn		Pinn NW		Pinn		Pinn SW		Pinn NW		Pinn		Pinn NW		Pinn NW		Pinn NW				Turkey Ck				Martin Mtn				Thumb Butte		Thumb Butte		Thumb Butte		Thumb Butte		Thumb Butte		Thumb Butte		Thumb Butte		water tower hill		water tower hill				Glassford Hill		E Prescott		Prescott				Little Bug Mesa		Big Bug Mesa		Big Bug Mesa		Big Bug Mesa				Humboldt		W Cordes		SE Mayer		W Cordes		NE Stoddard				Mingus Mtn		Mingus Mtn		Mingus Mtn		Mingus Mtn		Mingus Mtn		Mingus Mtn		Mingus Mtn		Mingus Mtn		Mingus Mtn		Mingus Mtn		Mingus Mtn		Mingus Mtn		Mingus Mtn				Jerome - Verde fault		Jerome		Jerome		Jerome - Verde fault				E St Matthews Mtn		E St Matthews Mtn		First View		S Kings Well				NW Estler Pk		SE Estler Pk		Horseshoe Ranch		Bald Hill		Bald Hill		Dugas gravel pit		I-17 silver flow				House Mtn		House Mtn		House Mtn		House Mtn		House Mtn		House Mtn		House Mtn		House Mtn				House Mtn		House Mtn		House Mtn		House Mtn		House Mtn				House Mtn		House Mtn		House Mtn				Casner Butte		Casner Butte				Casner Butte		Casner Butte		Casner Butte				Battle Flat		Battle Flat				Sullivan Buttes		Sullivan Buttes		Sullivan Buttes				Prescott				Squaw Pk area		Squaw Pk area		Squaw Pk area				Henry Brown Mtn				Turkey Cyn andesite		Turkey Cyn andesite		Turkey Cyn andesite				E Juniper Mts		E Juniper Mts				Picacho Butte area		Picacho Butte area		Picacho Butte area		Picacho Butte area										Juniper Cone				Chino Wash volcs								base Summit Mtn				cinder pits		cinder pits		cinder pits		cinder pits		cinder pits

		Map unit		Tbo		Tbo		Tbo?		Tbo?				Tby		Tby		Tby		Tby		Tby		Tby		Tby		Tby		Tby		Tby		Tby		Tby		Tby				Tby?		Tby?-Thb?				Td				Tmd		Tmd		Tmd		Tmd				Tla		Tla		Tla		Tla		Tla		Tla		Tla		Tla		Tla		Tla		Tla		Tla		Tla		Tla		Tla		Tla		Tla		Tla		Tla		Tla		Tla		Tla		Tla		Tla		Tla		Tla		Tla		Tla		Tla		Tla		Tla		Tla		Tla		Tla		Tla		Tla		Tla		Tla		Tla		Tla		Tla		Tla		Tla		Tla		Tla		Tla		Tla		Tla		Tla		Tla		Tla		Tla		Tla		Tla		Tla		Tla		Tla				Tla				Tla?				Tht		Tht		Tht		Tht		Tht		Tht		Tht		Tht		Tht				Thb		Thb		Thb				Thb		Thb		Thb		Thb				Thb		Thb		Thb		Thb		Thb				Thb		Thb		Thb		Thb		Thb		Thb		Thb		Thb		Thb		Thb		Thb		Thb		Thb				Tht		Tht		Thb		Thb				Thb		Thb		Thb		Thb				Thb		Thb		Thb		Thb		Thb		Thb		Tha				Thc		Thc		Thc		Thc		Thc		Thc		Thc		Thc				Thc		Thc		Thc		Thc		Thc				Thb		Thb		Thb				Thb		Thb				Thb		Thb		Thb										Tla		Tla		Tla				Thab				off map		off map		off map				off map																												off map		off map				Tla				Tby				off map				Tby				Tby		Tby		Tby		Tby		Tby				Tby				Tby		Tby		Tby				Tby		Tby				Tby		Tby		Tby		Tby		Tby

		Field #		5-28-97-2		5-27-97-3		MW3 550-570		5-20-01-6				5-16-01-2		CD4		5-17-01-1		5-18-01-3		PA2		9-29-96-3		5-17-01-3		CD3		CD2		PRS-25		PA3		5-17-01-2		5-18-01-2				CD6		CD7				5-21-01-1				5-26-97-1(b) (not B)		K2		MU4		K3				5-20-01-4		5-16-97-3A		5-16-97-3B		5-28-97-1		B1345-6 (4) and MY1		5-17-97-2		5-16-97-2		PA5		PA4		NA-12		NA-44		NA-50		NA-52		NA-57		NA-60		NA-62		NA-65		5-28-97-3		PRT-22		PRT-20		PRT-31		PRS 13		A-44		PRT-52		PRT-42		PRT-33		PR 42		PR 155		A-45		M 7613		43-A		54-A		PRT-10		PR 213		PRT-14		PRT-75		PRS 28		PRS 223		PRS 6		PRS 210		SW03		SW60		SW81		SW76		SW35		SW37		SW48		SW97		SW99		SW64		SW94		SW62		SW10		SW18		SW65		SW75		SW83				5-16-97-1				5-27-97-4				DWTB-3		DWTB-1		DWTB-4		TB-2		TB-1		DWTB-2		TB-3		DWTB-5		dr				PR2		PR1		PR3				B1336-13 (4) and? MU3		MU2		B1336-13 (3) and? MU1		5-28-97-9				B1336-13 (2) and? MY10		B1345-6 (1) and MY5		B1345-6 (2) and MY3		B1345-6 (3) and MY4		B1336-13 (1) and? MY9				M-7		M-2		5-28-97-4		M-5		MM1		MM3		M-1		5-28-97-6		M-13		MM-1W		5-28-97-5		MM-2W		MM2				MM-4W		MM4		CDI		M-50				PRS-228		MD-5		FV-1		PRS-34				MY8		MY7		MY6		5-10-97-2B		5-10-97-2A		5-28-97-8		5-28-97-7				210-7		S-209-1		S-205-1		MMT-24		S5-205-3		S-204-2		S-204-1		S-205-2				S-267-1		S-192-1		S5-211-1		S-222-1		S-213-1				S-224-1		5-222-2		S-232-1				MMT-24		CB-12				CB-37		CB-40-E		CB-13				B1548-3 (2)		B1548-3 (3)				SB-1		SB-2		SB-3				PRB				BA78-52		BA78-59		BA78-63				8-78-ACE-14				F78-88		F78-98		BA78-71				BA78-82		BA78-76				F78-115		8-78-ACE-125		8-78-ACE-123		F78-113				NTC-1		NPB-1				BA-78-12				BA-78-82				NBWM-1				NBWM-2				NBWM-3		NBWM-4		NBWM-5		NBWM-6		NBWM-7				NBWM-8				NBWM-9		NBWM-10		NBWM-11				NBWM-12		NBWM-13				NBWM-14		NBWM-15		NBWM-16		NBWM-17		NBWM-18

		Lab #		C-101019		C-101016		C-198052		C-198050				C-198043				C-198044		C-198048				C-101007		C-198046										C-198045		C-198047										C-198051				C-101015										C-198049		C-101012		C-101013		C-101018				C-101014		C-101011																						C-101020																																																																																		C-101010				C-101017																																						C-101026																				C-101021										C-101023						C-101022																																		C-101009		C-101008		C-101025		C-101024																																																																																																														D-275637		D-275638				M-172537				M-172540				M-182940				M-182941				M-182942		M-182943		M-182944		M-182945		M-182946				M-182947				M-182948		M-182949		M-182950				M-182951		M-182952				M-182953		M-182954		M-182955		M-182956		M-182957

		Alteration

		Mineralization

		Rock type		and		bas		bas		mt-rich bas				bas		bas		bas				bas		bas		bas		bas		bas		high-Al thol		bas		bas						bas		bas				dac				rhy		lat		lat		lat						bas		lat		lat		lat		lat		lat		lat		lat		lat		lat		lat		lat		lat		lat		lat		lat		lat		am lat		am lat		am lat		am lat		am lat		am-bt lat		bt-pyx lat		bt-pyx lat		bt-pyx lat		bt-pyx lat		bt-pyx lat		bt-pyx lat		bt-pyx lat		bt-pyx lat		maf lat		maf lat		bas lat		bas lat		bas lat		bas lat		upper lat		upper lat		Tcc		Tsh		Tsh		Tbl		Tatv		Tatv		Tatd		Tatd		Tatd		Tatf		Tatf		Tbba		Tbtd		Tbtd		Tpl		Tpl		Tpl				lat				di				tr and		tr and		tr and		tr and		tr and		tr and		tr and		tr and		tr and				bas		bas		bas				bas		bas		bas		bas				bas		bas		bas		bas		bas				alk ol bas		alk ol bas		bas		alk ol bas		bas		bas		alk ol bas				qtz thol		qtz thol		bas		qtz thol		bas				tr bas?		tr and		bas		haw				haw		tr bas?		tr bas?		bas				bas		bas		bas		bas		bas		bas		and				feld ijolite		bas neph		foid ijolite		bas neph		foid ijolite		sye urt		neph  monz		neph  monz				bas		haw		bas and		hb muger		hb muger				qtz mon		mz di		sye				bas neph		bas neph				alk bas		bas		neph mz				bt-hb lamp dike		bt-hb lamp dike				lat		lat		lat				bas lat				ol bas		bas and		hb and				hi-Al bas				bt-pyx and		bt-pyx and		bt-pyx and				pyx bas		bas and				Hi-Al bas		ol bas		ol bas		hb rhydac				CLINOPYROXENE BASALT		HORNBLENDE-BIOTITE RHYODACITE				BIOTITE-CPX ANDESITE				OLIVINE-CPX-QTZ BASALT				PUMICE				CLINOPYROXENE BASALT				CPX-OLIV. BASALT		OLIV.-CPX BASALT		QUARTZ-BEARING OLIVINE BASALT		MEGACRYSTAL BASALT		BLACK CPX BASALT				OLIVINE-CPX BASALT				FELSIC OLIVINE BASALT		FELSIC OLIVINE BASALT		OLIVINE-CPX BASALT				OLIVINE BASALT		OLIVINE-CPX BASALT				MEGACRYSTAL BASALT		OLIVINE-CPX BASALT		OLIVINE-CPX BASALT		OLIVINE-CPX BASALT		CLINOPYROXENE-OLIV. BASALT

		Suite		Tbo		Tbo		Tbo?		Tbo?				Paulden - Tby		Paulden - Tby		Paulden - Tby		Paulden - Tby		Paulden - Tby		Paulden - Tby		Paulden - Tby		Paulden - Tby		Paulden - Tby		Paulden - Tby		Paulden - Tby		Paulden - Tby		Paulden - Tby				Tby?		Tby?-Thb?				Santa Maria				Milk Ck		Milk Ck		Milk Ck		Milk Ck				Sullivan Buttes		Sullivan Buttes		Sullivan Buttes		Santa Maria		E Bluebell		Santa Maria		Juniper Mts NE		Sullivan Buttes		Sullivan Buttes		Santa Maria		Santa Maria		Santa Maria		Santa Maria		Santa Maria		Santa Maria		Santa Maria		Santa Maria		Sullivan Buttes		Sullivan Buttes		Sullivan Buttes		Sullivan Buttes		Sullivan Buttes		Sullivan Buttes		Sullivan Buttes		Sullivan Buttes		Sullivan Buttes		Sullivan Buttes		Sullivan Buttes		Sullivan Buttes		Sullivan Buttes		Sullivan Buttes		Sullivan Buttes		Sullivan Buttes		Sullivan Buttes		Sullivan Buttes		Sullivan Buttes		Sullivan Buttes		Sullivan Buttes		Sullivan Buttes		Sullivan Buttes		Sullivan Buttes		Sullivan Buttes		Sullivan Buttes		Sullivan Buttes		Sullivan Buttes		Sullivan Buttes		Sullivan Buttes		Sullivan Buttes		Sullivan Buttes		Sullivan Buttes		Sullivan Buttes		Sullivan Buttes		Sullivan Buttes		Sullivan Buttes		Sullivan Buttes		Sullivan Buttes		Sullivan Buttes				Juniper Mts				Martin Mtn				Hickey - Prescott		Hickey - Prescott		Hickey - Prescott		Hickey - Prescott		Hickey - Prescott		Hickey - Prescott		Hickey - Prescott		Hickey - Prescott		Hickey - Prescott				Hickey - Prescott		Hickey - Prescott		Hickey - Prescott				Hickey - Big Bug		Hickey - Big Bug		Hickey - Big Bug		Hickey - Big Bug				Hickey - Mayer		Hickey - Mayer		Hickey - Mayer		Hickey - Mayer		Hickey - Mayer				Hickey - Mingus		Hickey - Mingus		Hickey - Mingus		Hickey - Mingus		Hickey - Mingus		Hickey - Mingus		Hickey - Mingus		Hickey - Mingus		Hickey - Mingus		Hickey - Mingus		Hickey - Mingus		Hickey - Mingus		Hickey - Mingus				Hickey - Mingus E		Hickey - Mingus E		Hickey - Mingus E		Hickey - Mingus E				Hickey - Mingus N		Hickey - Mingus N		Hickey - Mingus N		Hickey - Minugs N				Hickey - Estler		Hickey - Estler		Hickey - Estler		Hickey - Estler		Hickey - Estler		Hickey - Estler		Hickey - Estler				Hickey - House Mtn-low Si		Hickey - House Mtn-low Si		Hickey - House Mtn-low Si		Hickey - House Mtn-low Si		Hickey - House Mtn-low Si		Hickey - House Mtn-low Si		Hickey - House Mtn-low Si		Hickey - House Mtn-low Si				Hickey - House Mtn-bas		Hickey - House Mtn-bas		Hickey - House Mtn-bas		Hickey - House Mtn-bas		Hickey - House Mtn-bas				Hickey - House Mtn-evolved		Hickey - House Mtn-evolved		Hickey - House Mtn-evolved				Hickey - Casner-low Si		Hickey - Casner-low Si				Hickey - Casner-bas		Hickey - Casner-bas		Hickey - Casner-bas				Hickey		Hickey				Sullivan Buttes		Sullivan Buttes		Sullivan Buttes				Hickey				Squaw Pk - Tbo?		Squaw Pk - Tbo?		Squaw Pk - Tbo?				Henry Brown Mtn - Tbo?				Turkey Cyn lat		Turkey Cyn lat		Turkey Cyn lat				Tby		Tby				Tbo		Tbo		Tbo						Mt Floyd		Mt Floyd				Junipeer Mts NE				Tby				Bill Wiliams Mtn NW				Summit Mtn				Summit Mtn S		Summit Mtn S		Summit Mtn S		Summit Mtn S		Summit Mtn S				Kunds Knoll S				Bear Cyn road (top)		Bear Cyn road (top)		Bear Cyn road (top)				Buzzard Knoll		Buzzard Knoll				Main fault?		Main fault?		Main fault?		Main fault?		Main fault?

		Major oxides (XRF)

		SiO2		55.70		54.20		51.0		47.0				49.3		50.80		49.6		48.5		48.80		49.40		50.0		47.00		47.40		49.69		46.10		51.3		49.1				48.60		47.90				61.6				62.90		64.20		57.90		62.80				57.5		49.60		62.60		59.50		59.90		60.60		61.40		61.30		62.00		62.19		61.28		60.53		64.40		63.81		61.12		44.79		62.33		61.10		61.47		65.63		62.23		67.90		62.00		61.37		56.92		61.13		58.33		61.61		61.30		59.56		60.60		62.80		56.33		56.76		53.53		51.99		52.47		51.39		58.64		61.12		52.83		52.65		52.22		52.78		60.75		62.13		61.73		62.32		64.30		59.38		62.34		61.73		58.01		59.93		59.57		55.87		56.96				48.40				54.80				55.20		54.63		54.95		54.93		55.05		54.63		55.06		55.94		56.03				52.80		50.30		48.80				53.00		49.70		52.50		51.80				48.20		45.70		48.80		50.80		44.80				45.85		44.18		45.10		47.30		53.40		54.20		45.16		53.10		53.73		53.43		52.70		54.04		53.90				49.29		50.10		47.00		49.44				50.22		47.23		47.15		41.67				48.30		47.90		47.60		50.80		50.70		55.80		59.60				44.89		43.04		43.03		43.50		41.28		42.42		43.85		44.60				49.84		48.40		51.61		51.69		52.14				63.05		58.85		61.03				43.50		41.88				47.90		49.89		47.98				45.6		44.0				59.68		62.32		60.15				53.42				50.70		58.10		59.85				48.29				60.33		56.39		63.42				54.94		59.22				49.83		50.90		51.10		70.30				47.40		70.50				61.20				53.00				64.40				45.30				45.30		48.50		51.90		46.10		47.00				45.50				49.70		48.70		47.10				46.10		51.00				46.80		53.30		46.70		47.40		46.50

		TiO2		1.04		1.14		1.42		1.75				1.27		1.90		1.51		1.61		1.60		1.37		1.28		2.10		2.40		1.37		1.30		1.27		1.32				1.30		2.40				0.81				0.59		0.55		1.40		0.52				0.93		1.59		0.57		1.00		0.66		0.84		0.71		0.89		0.89		1.13		0.92		1.07		0.84		0.65		1.08		1.19		0.83		0.86		0.85		0.62		0.82		0.53		0.89		0.68		0.86		0.75		0.74		0.76		0.89		0.86		0.91		0.78		0.87		0.85		1.16		1.21		1.46		1.54		0.84		0.72		1.11		1.24		1.16		1.64		0.91		0.92		0.87		0.90		0.77		0.97		0.76		0.74		0.74		0.73		0.86		0.96		1.16				1.80				1.06				1.61		1.60		1.58		1.57		1.56		1.55		1.52		1.37		1.20				1.60		1.50		1.30				1.40		1.30		1.20		1.10				2.10		2.10		1.80		1.70		1.60				1.79		1.77		1.76		1.72		1.50		1.50		1.50		1.47		1.47		1.46		1.44		1.43		1.30				1.61		1.60		1.40		1.02				1.57		1.40		1.30		1.56				2.50		1.80		1.50		1.21		1.18		1.06		0.74				2.08		1.91		1.83		1.80		1.76		1.55		1.19		0.74				2.10		1.90		1.52		1.22		1.18				1.40		1.36		1.06				1.80		1.70				1.55		1.50		1.20				1.5		2.1				0.91		0.76		0.89				1.52				1.32		0.92		0.89				2.10				1.07		1.10		0.72				1.46		0.96				1.37		1.96		1.95		0.30				1.86		0.28				0.69				1.45				0.62				2.42				1.68		1.79		1.88		2.21		2.14				2.57				2.25		1.98		1.99				1.67		1.64				2.29		1.69		2.35		2.00		1.64

		Al2O3		12.60		16.10		15.7		13.9				14.7		17.30		15.0		15.1		15.50		15.80		15.1		15.40		17.50		15.93		14.20		15.0		14.9				14.20		17.50				15.5				15.10		16.10		14.60		16.70				13.2		17.10		15.50		13.80		17.30		14.10		14.30		14.00		15.60		14.76		13.79		13.55		13.98		13.89		13.92		14.64		14.24		13.40		15.56		14.64		15.41		14.50		15.60		14.84		16.33		14.64		14.59		13.89		14.00		13.20		13.00		13.70		13.25		13.10		12.22		12.38		12.13		12.23		13.01		13.01		11.93		11.84		11.49		11.89		15.15		14.05		15.31		14.84		13.48		14.68		14.49		14.91		16.38		13.90		14.55		13.28		13.36				12.00				16.00				15.43		15.04		15.32		15.26		15.20		15.13		15.14		15.65		15.52				15.80		16.10		15.40				16.90		15.80		16.10		16.30				15.90		13.90		15.10		16.70		14.20				14.85		13.86		13.80		14.31		15.00		15.00		13.43		14.80		15.10		15.15		16.00		16.86		16.90				12.60		12.60		13.40		14.12				15.03		13.43		13.97		11.63				16.10		17.10		18.20		16.70		16.80		15.00		17.90				16.79		11.67		17.53		12.65		17.78		19.01		19.73		18.74				14.38		13.97		15.27		17.16		16.90				17.06		17.43		17.64				12.65		13.66				14.41		14.47		21.05				17.0		16.0				14.92		14.13		13.74				12.38				15.61		15.02		16.06				17.75				14.90		14.91		14.53				16.71		16.00				17.44		17.58		17.33		14.85				17.50		14.30				14.90				15.60				14.70				13.50				14.70		14.40		14.80		17.50		17.00				12.00				16.90		17.10		15.50				14.20		15.70				15.80		16.80		16.30		16.20		17.10

		Fe2O3														2.20						3.60						2.40		4.40		2.90		8.90								4.10		3.60										2.60		5.70		3.30												5.40						2.60		3.70																				5.27		3.71		4.49		2.13		3.70		3.39		3.52		4.64		5.14		4.14		2.60		4.26		2.28		2.24		3.65		3.59		5.76		5.46		5.86		4.96		2.44		2.28		3.47		3.66		3.43		4.51		3.09		3.08		3.08		3.08		2.73		3.15		2.49		2.70		2.34		2.75		2.84		3.14		3.73																																3.00		3.80		4.90				3.90		6.40		3.50						5.30		5.50		4.10		2.90		4.00				5.37		5.12				5.99		3.80		3.30		5.75				5.84		4.27				3.56		3.80				7.65		7.60		5.70		5.56				5.03		8.39		7.04		5.29				4.70		3.80		4.50												3.37		12.54		10.37		3.62		9.99		9.41		8.78		9.72						11.01		10.20		8.80		8.61																										3.2		4.6

		FetO3		6.79		7.96		11.5		11.3				11.3				11.8		10.7				11.60		11.3										11.2		11.4										5.25				3.80										6.27		11.10		4.02		5.40				5.78		4.61																						5.30																																																																																		8.81				8.34				7.89		8.01		7.77		7.72		7.66		8.03		7.56		7.36		7.20																		8.94																				10.70										11.00						10.00																																		10.20		10.20		6.97		5.51																																																														5.86		5.01		5.19				7.39				2.20		3.63		2.94				2.46				2.86		3.12		2.22				3.67		2.91				2.23		2.36		2.34		1.21				12.20		2.65				4.74				9.03				3.94				12.00				11.20		10.60		9.52		12.60		12.20				12.50				11.40		11.50		11.70				12.40		10.20				11.90		9.47		12.40		11.70		11.70

		FeOt																																																																														5.46		6.09		5.50		5.13		3.73		5.64		13.32		5.15																																																																																																																																																																																																																																																				9.89		9.61				9.43		9.22		6.12																						7.92		4.15		3.37				8.84				3.28		3.57		2.55				4.20		3.34				8.01		8.48		8.42		1.39

		FeO														7.60						7.80						10.00		7.50		7.95		2.00								6.90		8.00										1.10		1.40		0.12												0.20						3.00		1.70																				0.40		0.97		0.93		1.08		1.70		1.38		1.69		0.61		0.61		0.72		3.00		1.22		2.54		2.12		3.09		3.20		2.07		1.92		2.25		3.40		3.51		1.89		4.36		4.96		4.59		5.04		3.34		3.27		3.40		3.20		2.73		3.31		2.61		2.14		2.24		2.48		2.89		3.85		4.24																																6.60		4.50		5.20				4.50		4.10		4.90						4.10		6.00		5.80		5.40		4.90				4.68		5.33				4.21		7.00		6.80		4.32				4.66		6.07				5.92		5.70				1.29		1.40		4.70		3.07				3.99		1.67		1.91		5.61				5.20		6.20		6.00												6.25						6.63												8.93												3.89		4.85		3.67																		5.1		5.1

		MnO		0.11		0.13		0.13		0.17				0.17		0.20		0.17		0.16		0.12		0.17		0.17		0.24		0.20		0.17		0.32		0.17		0.17				0.24		0.22				0.08				0.07		0.12		0.08		0.12				0.11		0.17		0.06		0.08		0.14		0.07		0.07		0.15		0.14		0.06		0.09		0.08		0.05		0.06		0.07		0.17		0.09		0.09		0.08		0.07		0.08		0.04		0.14		0.04		0.06		0.06		0.05		0.08		0.15		0.08		0.06		0.06		0.10		0.10		0.11		0.10		0.12		0.12		0.08		0.06		0.07		0.06		0.07		0.09		0.09		0.09		0.07		0.09		0.07		0.09		0.06		0.03		0.03		0.05		0.06		0.09		0.07				0.13				0.12				0.10		0.10		0.10		0.10		0.11		0.10		0.09		0.12		0.10				0.16		0.16		0.16				0.21		0.20		0.10		0.15				0.13		0.21		0.20		0.20		0.17				0.16		0.18		0.16		0.16		0.20		0.28		0.17		0.14		0.14		0.14		0.13		0.13		0.22				0.11		0.17		0.18		0.16				0.13		0.14		0.14		0.17				0.20		0.20		0.24		0.15		0.15		0.13		0.10				0.15		0.19		0.18				0.16		0.17		0.17		0.21				0.13		0.15		0.15		0.14		0.15				0.06		0.11		0.11						0.18				0.15		0.12		0.15				0.1		0.2				0.08		0.08		0.06				0.1				0.17		0.13		0.10				0.17				0.10		0.10		0.06				0.14		0.10				0.17		0.17		0.16		0.06				0.18		0.05				0.06				0.13				0.07				0.18				0.18		0.17		0.15		0.19		0.19				0.18				0.18		0.18		0.18				0.17		0.17				0.18		0.14		0.19		0.17		0.19

		MgO		8.13		5.53		4.84		7.79				8.49		5.10		8.37		7.11		8.30		7.63		8.38		8.80		5.60		7.20		6.30		7.79		8.70				9.80		6.00				3.34				2.30		2.40		3.20		2.60				6.65		6.40		2.97		4.38		2.30		3.30		3.31		3.90		2.40		3.33		4.10		4.70		3.40		2.80		4.93		11.02		3.69		3.67		2.20		2.13		2.05		1.33		2.40		2.73		4.32		3.07		3.53		3.69		3.90		4.65		4.80		3.25		7.38		7.90		6.88		4.87		7.46		8.62		6.72		5.40		4.35		3.60		5.19		5.36		2.58		2.12		2.60		2.35		3.05		2.39		2.12		3.11		2.87		4.56		4.37		5.52		4.39				6.72				4.59				3.02		3.49		3.42		3.17		3.14		3.51		3.32		2.84		3.45				6.70		8.10		9.70				4.60		6.60		5.20		6.31				6.00		9.00		8.00		6.40		11.60				6.83		10.99		10.70		8.38		6.70		6.50		12.51		6.76		6.53		6.84		4.97		4.81		4.80				6.24		6.10		10.00		10.46				8.21		6.64		6.55		12.73				7.30		7.40		6.00		5.01		5.49		6.17		2.05				13.46		13.33		3.50		14.57		4.13		3.06		2.53		2.44				7.79		7.22		4.89		3.32		2.92				1.54		2.23		1.47				14.57		15.30				10.35		7.76		2.66				5.7		7.4				3.08		3.59		4.51				8.29				8.69		6.58		4.18				5.56				3.22		4.05		3.32				5.61		3.83				5.93		4.33		5.24		0.94				6.36		0.93				3.92				7.56				1.83				9.14				9.11		8.06		5.37		4.37		4.64				10.90				4.13		5.91		7.80				10.90		7.00				6.92		5.01		6.65		7.65		6.29

		CaO		7.15		8.09		8.37		10.1				10.1		8.60		9.31		9.52		8.60		9.49		9.52		8.90		8.90		9.45		12.70		9.70		10.1				9.00		8.80				4.74				3.51		4.00		5.60		4.10				5.87		9.51		4.86		4.76		4.20		4.80		4.91		5.40		4.90		3.53		5.06		4.99		3.74		3.98		4.11		10.84		5.27		5.36		4.82		4.29		4.51		2.81		4.90		3.08		4.64		4.01		4.45		4.63		5.40		5.11		4.45		4.90		7.21		6.87		7.91		10.21		8.54		8.03		5.60		4.39		6.40		10.52		10.33		5.94		4.81		4.59		4.52		4.79		3.93		4.90		3.93		1.55		4.93		4.04		4.15		7.42		6.80				8.96				7.44				5.57		6.25		5.49		5.87		5.83		6.03		5.90		5.22		5.61				8.40		6.80		8.90				8.30		10.00		9.00		9.25				9.60		10.70		9.60		7.30		11.10				12.14		10.90		10.30		11.78		8.60		7.80		11.55		8.19		8.35		8.11		8.84		8.79		9.00				7.83		7.40		9.60		8.28				8.31		8.82		9.68		11.43				10.70		8.90		9.10		9.75		9.93		7.79		5.11				12.22		12.10		9.54		12.13		10.22		8.77		6.94		6.22				9.54		8.24		8.86		7.59		7.16				2.05		4.18		2.67				12.13		11.98				10.30		10.49		7.70				7.4		9.5				6.08		5.01		4.62				6.63				9.33		6.84		5.87				9.53				5.69		6.30		4.85				8.21		6.35				10.40		7.64		8.62		2.47				10.80		2.48				5.08				8.61				3.50				13.30				13.80		11.50		8.70		10.70		10.60				11.40				8.28		9.27		10.90				11.10		7.58				10.10		7.62		10.20		11.00		11.10

		Na2O		3.19		3.71		2.81		3.22				2.75		3.70		2.99		3.41		3.00		2.83		2.96		3.10		3.40		2.94		2.70		2.74		2.86				3.00		3.30				3.92				3.56		4.00		3.60		4.00				2.33		3.15		3.69		2.78		5.80		2.71		3.32		2.60		3.60		2.57		2.54		2.74		2.74		3.19		2.85		1.48		2.85		2.87		3.50		3.48		3.75		3.77		3.60		2.52		2.71		3.38		2.57		2.79		2.60		2.53		1.60		3.10		2.96		2.91		2.79		2.81		2.87		3.11		2.62		2.38		2.78		1.97		2.62		3.97		3.44		3.66		3.31		3.69		3.47		4.11		3.55		4.13		3.17		3.68		2.12		2.66		2.91				1.89				3.74				4.74		4.71		4.26		4.71		4.57		4.74		4.73		5.10		5.09				3.10		3.60		3.30				4.10		3.00		3.90		3.62				3.70		2.90		3.00		4.00		2.40				2.29		3.42		2.82		3.04		3.00		2.70		2.68		2.96		3.13		3.08		3.23		3.39		3.10				2.51		2.40		3.90		4.21				3.84		3.85		3.05		3.22				3.10		3.20		3.30		3.39		3.16		3.38		4.72				2.96		2.93		3.19		3.35		5.25		5.21		5.07		4.85				2.72		4.18		3.50		4.39		4.50				4.59		5.53		5.88				3.35		3.29				3.78		2.96		4.28				2.0		3.3				3.11		2.85		2.57				2.39				3.45		3.34		3.92				3.91				3.51		3.12		3.40				3.82		4.06				3.52		4.39		4.15		3.68				3.13		3.71				3.20				3.21				3.63				2.60				2.56		3.21		3.51		3.47		3.46				3.00				4.04		3.82		3.50				2.58		3.90				3.43		3.75		3.31		3.05		3.25

		K2O		2.77		1.73		0.23		1.41				0.81		1.60		0.98		1.31		1.10		0.72		0.87		1.30		1.40		0.71		0.69		0.82		0.81				0.72		1.00				2.93				3.35		2.60		3.20		2.20				4.67		0.72		3.46		5.58		3.20		3.97		4.40		4.20		3.50		5.92		3.75		5.62		4.49		4.68		5.09		1.83		4.82		4.39		3.61		3.31		3.53		4.22		3.50		5.07		6.51		4.80		5.28		5.49		4.20		5.06		5.15		5.12		3.68		3.47		2.68		3.63		3.60		2.65		4.43		6.03		4.11		4.10		3.66		4.23		3.61		3.32		3.35		3.50		3.78		3.52		3.58		6.23		5.79		5.59		5.84		3.92		4.30				4.82				1.89				4.38		4.13		4.34		4.31		4.26		4.12		4.27		4.09		3.83				1.40		1.50		1.10				1.70		0.82		1.40		1.22				1.80		1.00		1.20		1.60		1.50				1.14		0.90		1.20		0.58		0.49		0.74		0.81		0.56		0.61		0.60		0.66		0.67		0.56				4.32		4.30		1.70		1.37				1.66		2.96		2.89		1.11				0.53		0.82		0.72		0.86		0.84		1.86		1.92				1.25		1.24		3.39		1.23		2.87		3.24		4.51		4.17				1.46		1.94		1.26		2.26		2.46				4.81		4.47		5.43				1.23		0.79				0.96		0.92		3.94				5.0		3.3				3.48		4.99		5.23				4.94				0.71		1.68		2.81				0.83				5.35		4.80		4.55				1.91		1.76				0.62		1.55		1.33		3.18				0.75		2.95				4.41				1.63				2.93				1.29				0.91		0.84		2.06		1.18		1.26				1.41				1.58		1.32		0.43				0.62		1.76				1.40		1.72		1.16		1.09		1.18

		P2O5		0.53		0.38		0.19		0.80				0.27		0.80		0.34		0.50		0.54		0.26		0.27		0.49		0.67		0.36		0.33		0.22		0.28				0.49		0.75				0.26				0.25		0.37		0.40		0.36				0.53		0.45		0.22		0.47		0.59		0.31		0.31		0.36		0.38		0.42		0.33		0.53		0.28		0.29		0.36		0.32		0.27		0.33		0.42		0.31		0.48		0.23		0.38		0.31		0.38		0.32		0.44		0.36		0.36		0.36		0.29		0.28		0.40		0.43		0.46		0.49		0.62		0.54		0.47		0.38		0.14		0.36		0.11		0.05		0.02				0.04		0.02				0.08		n.d.		0.43		0.44		n.d.		0.04		0.32		0.07				0.97				0.38				1.01		1.04		0.99		1.01		1.12		1.02		0.95		0.92		0.79				0.47		0.60		0.60				0.66		0.49		0.46		0.51				0.86		0.75		0.70		0.62		1.00				0.88		1.05		0.70		0.65		0.02		0.16		0.84		0.21		0.25		0.33		0.22		0.29		0.28				1.83		1.60		1.10		0.86				0.68		1.22		1.22		1.77				0.54		0.54		0.61		0.31		0.31		0.47		0.55				0.89		0.88		1.23		0.89		1.38		1.13		0.87		0.60				0.95		0.75		0.40		0.71		0.74				0.28		0.52		0.35				0.89		0.97				0.76		0.61		1.11				0.75		0.67				0.17		0.16		0.17				0.39				0.29		0.23		0.33				0.33				0.71		0.73		0.32				0.35		0.28				0.26		0.79		0.67		0.13				0.50		0.10				0.35				0.32				0.18				0.57				0.74		0.63		0.55		0.69		0.67				0.69				0.63		0.84		0.82				0.38		0.59				0.72		0.40		0.94		0.53		0.86

		H2O+		0.50		0.40										0.51						1.30		0.70				0.34		1.20		0.39		0.59								0.78		0.69								2.90		1.50		1.00		1.20						0.40		0.60		0.40		0.39		2.00		0.60		1.40		1.00				1.58				0.41		2.37								1.60		0.77		0.61		0.21		0.53		1.00		1.69		0.67		0.67		1.46		0.73		1.40		1.03						0.20		0.44		1.46		0.85		1.12		1.49		0.55		1.22																																						1.50				0.60																								0.64		2.20		0.14				0.63		0.67		0.61		0.40				1.40		1.60		1.80		2.00		2.20				2.59		1.08		1.50		1.08		0.44		0.77		1.32		0.60		0.26		0.44		0.40		0.41		0.55				2.27		2.10		1.50		1.11				0.65		2.78		3.41		1.82				1.30		1.00		1.30		0.50		0.50		0.50		0.90																																																								2.70		3.10																														0.44								0.40

		H2O-														0.34						0.51						0.22		0.63		0.13		0.41								0.21		0.41										0.79		1.60		1.50												0.41						0.18		0.17																				0.51		0.15		0.41		0.25		0.17		2.31		0.49		0.98		1.66		0.31		0.18		1.69						0.28		0.16		1.68		1.05		0.84		0.97		0.31		0.48																																																																		0.28		0.71		0.20				0.31		0.33		0.30						0.71		0.57		0.63		0.61		0.50				0.61		0.30				0.10		0.22		0.23		0.32				0.06		0.18				0.11		0.35				1.50		2.00		0.39		0.21				0.25		0.48		0.41		0.20				0.66		0.35		0.39																																																																																																0.10								0.18

		CO2		0.02		0.17										0.04						0.08		0.08				0.06		0.06		0.17		3.30								0.02		0.02								0.02		0.04		0.06		0.02						0.04		0.03		0.03		< 0.05		0.02		0.30		< 0.05		< 0.05																		0.01		0.00		0.00		0.00		0.00		0.05		0.00		0.28		0.00		0.01		0.00		0.05		0.11						0.12		0.11		0.00		2.48		0.12		0.00		0.09		0.62																																						1.48				0.01																								0.04		0.05		0.02				< 0.05		0.02		< 0.05		0.09				0.08		0.04		0.04		0.06		< 0.05				0.13		0.20		0.07		0.07		0.02		< 0.05		0.02		0.01		0.04		0.00		0.02		0.00		0.02				0.00		< 0.05		0.04		0.03				0.05		0.02		0.40		0.16				0.04		0.06		0.08		0.02		0.03		0.07		0.02																																																								2.90		0.86																														0.47								0.07

		S																																																																														0.01		0.01		0.01		0.02		0.01		0.05		0.01		0.01

		F

		Cl

		SO3																																																																																																																																																																																								< 0.01		< 0.01		0.01		0.07		0.03		< 0.01		0.02		0.03		0.04

		LOI		0.75		0.31		3.94		2.15				0.86				0.20		1.66				0.46		0.30										<0.01		0.35										1.04				3.50										1.35		< 0.01		0.69		0.76				2.19		1.19																						1.49																																														4.33		3.90		2.91		2.86		1.19		0.71		1.72		1.02		0.61		2.02		2.04		1.73		1.87		1.32		1.33		1.96		1.75				3.85				0.55				0.33		0.26		1.10		0.45		0.52		0.55		0.62		0.75		0.44																		0.36																				1.61										0.44						0.29																																		0.83		0.65		0.79		0.76				0.98		0.97		4.82				3.11		3.88		5.00		5.76						0.08		0.66		0.73		0.96														0.00				0.00		1.70		2.79										2.75		2.43		3.26				3.24																																										2.0				1.0								4.0												1.0

		Less O

		Total		98.53		99.54		100.13		99.59				100.02		100.69		100.27		99.58		100.85		100.05		100.15		100.35		101.26		99.36		99.84		100.21		99.99				99.36		100.59				99.47				98.35		100.37		99.74		99.54				99.41		100.23		98.58		98.18		100.49		98.50		98.24		99.98		99.98		99.38		99.54		99.32		99.48		99.46		99.22		99.61		99.55		98.98		99.46		99.92		98.90		99.32		100.03		99.41		99.38		99.06		98.86		99.20		100.03		99.72		95.68		98.35		99.52		99.89		98.71		99.45		99.46		99.05		99.31		99.98		95.88		98.86		97.78		98.36		98.98		97.94		100.00		99.80		98.92		98.60		97.97		99.43		98.81		99.03		98.62		98.99		99.74				97.48				98.97				99.28		99.26		99.33		99.17		99.05		99.41		99.18		99.39		99.30				100.99		99.92		99.72				100.21		99.43		99.17		99.69				99.88		99.97		100.77		100.29		99.97				99.31		99.28		98.81		99.37		100.39		99.98		100.38		99.80		100.17		100.10		98.61		100.41		100.48				99.05		99.37		100.61		99.90				99.62		99.03		99.12		98.37				101.17		99.27		99.54		98.90		99.29		99.20		99.12				105.29		100.80		98.61		100.37		97.93		97.85		98.64		98.05				97.84		97.84		98.32		98.01		97.72				98.73		99.53		99.31				100.01		99.36				99.59		99.64		98.98				98.98		100.09				100.12		101.33		100.39				100.69				100.39		100.62		100.32				99.77				101.02		99.20		99.94				101.02		99.46				99.78		100.15		101.31		98.51				100.68		99.95				99.55				100.54				99.80				100.30				100.18		99.70		99.44		99.01		99.16				100.15				99.09		100.62		99.92				100.12		99.54				99.54		99.90		100.20		100.79		99.81

		Calculations

		R1		1733		1659		2020		1330				1802		1380		1678		1404		1579		1791		1760		1334		1242		1770		1638		1939		1746				1675		1411				1873				2031		2137		1612		2148				1730		1698		1934		1511		1024		1979		1748		2006		1870		1665		2109		1564		2102		1902		1684		1628		1848		1869		1842		2225		1828		2100		1870		1866		1150		1597		1573		1686		2006		1723		2113		1750		1640		1735		1716		1395		1387		1441		1759		1688		1334		1587		1449		822		1787		1870		1958		1833		2002		1477		1900		1043		1245		1222		1676		1650		1514				1160				1644				731		760		898		746		817		752		762		740		818				1789		1462		1520				1418		1745		1529		1627				1175		1422		1594		1323		1503				1663		1196		1409		1624		2048		2167		1564		2041		2010		2011		1921		1948		2070				1114		1210		1039		1227				1316		794		1119		1044				1666		1548		1512		1692		1772		1879		1687				1335		1174		635		1099		-80		-57		-184		12				1710		962		1605		1104		1054				1301		742		579				1099		1125				1321		1761		554				898		677				1887		1827		1718				1331				1676		2060		1747				1273				1331		1320		1808				1610		1900				1610		1124		1276		2554				1517		2614				1772				1746				2200				1430				1572		1583		1442		1191		1247				1257				1164		1240		1450				1656		1303				1216		1536		1294		1475		1332

		R2		1415		1456		1444		1740				1790		1512		1705		1667		1636		1704		1730		1691		1573		1681		1950		1718		1804				1728		1582				977				786		863		1044		895				1217		1670		971		997		903		954		970		1046		949		832		1015		1033		843		837		957		1993		1026		1018		930		852		887		651		949		756		1031		868		937		951		1046		1036		969		954		1397		1384		1427		1577		1522		1527		1188		993		1134		1536		1588		1135		940		872		913		920		836		931		810		613		991		931		946		1328		1207				1527				1338				1048		1137		1058		1085		1078		1116		1093		1006		1076				1541		1445		1735				1448		1707		1537		1622				1637		1864		1720		1426		2041				1929		1983		1903		1957		1547		1451		2120		1502		1513		1504		1506		1510		1532				1394		1341		1786		1682				1591		1536		1635		2082				1823		1655		1628		1619		1664		1434		1000				2304		2185		1538		2269		1647		1463		1255		1154				1689		1514		1490		1313		1242				630		900		705				2269		2309				1898		1791		1369				1408		1697				1096		991		988				1363				1735		1353		1150				1644				1061		1167		969				1484		1183				1749		1377		1522		602				1814		592				1030				1602				754				2141				2217		1913		1487		1705		1698				1996				1422		1620		1857				2007		1466				1734		1393		1741		1874		1835

		Al / CNK		0.59		0.71		0.78		0.55				0.62		0.74		0.66		0.62		0.71		0.70		0.65		0.68		0.75		0.70		0.50		0.65		0.62				0.64		0.78				0.85				0.95		0.97		0.75		1.02				0.68		0.74		0.83		0.72		0.84		0.81		0.75		0.75		0.84		0.87		0.79		0.69		0.86		0.79		0.79		0.61		0.73		0.70		0.84		0.86		0.85		0.91		0.84		0.97		0.82		0.81		0.81		0.73		0.75		0.70		0.80		0.70		0.60		0.62		0.56		0.46		0.50		0.54		0.67		0.71		0.58		0.44		0.42		0.54		0.83		0.78		0.89		0.80		0.80		0.75		0.86		0.91		0.80		0.71		0.84		0.60		0.61				0.49				0.74				0.68		0.64		0.71		0.66		0.67		0.65		0.65		0.70		0.68				0.72		0.81		0.68				0.71		0.66		0.66		0.68				0.62		0.55		0.64		0.77		0.55				0.55		0.52		0.56		0.53		0.71		0.77		0.51		0.73		0.72		0.74		0.72		0.76		0.77				0.55		0.57		0.52		0.60				0.65		0.53		0.54		0.43				0.64		0.77		0.80		0.69		0.70		0.69		0.94				0.59		0.41		0.67		0.44		0.59		0.68		0.76		0.79				0.61		0.58		0.66		0.73		0.73				1.04		0.81		0.86				0.44		0.49				0.55		0.58		0.83				0.77		0.61				0.75		0.74		0.75				0.58				0.67		0.76		0.80				0.72				0.68		0.68		0.75				0.72		0.80				0.69		0.77		0.72		1.06				0.68		1.04				0.77				0.69				0.95				0.45				0.49		0.53		0.62		0.66		0.65				0.44				0.72		0.70		0.60				0.57		0.71				0.62		0.77		0.65		0.62		0.64

		Fe No. (wt %)		0.43		0.56		0.68		0.57				0.54		0.65		0.56		0.58		0.57		0.58		0.55		0.58		0.67		0.59		0.61		0.56		0.54				0.52		0.65				0.59				0.60		0.59		0.67		0.54				0.46		0.61		0.55		0.53		0.69		0.61		0.56		0.58		0.68		0.62		0.60		0.54		0.60		0.57		0.53		0.55		0.58		0.57		0.70		0.67		0.71		0.69		0.68		0.62		0.53		0.61		0.60		0.55		0.58		0.52		0.49		0.56		0.46		0.45		0.51		0.58		0.50		0.48		0.46		0.42		0.63		0.70		0.60		0.63		0.70		0.74		0.70		0.72		0.63		0.72		0.70		0.60		0.60		0.52		0.55		0.55		0.63				0.54				0.62				0.70		0.67		0.67		0.69		0.69		0.67		0.67		0.70		0.65				0.58		0.49		0.50				0.64		0.60		0.61		0.56				0.60		0.55		0.54		0.56		0.42				0.58		0.47		0.47		0.53		0.61		0.60		0.43		0.59		0.60		0.59		0.64		0.65		0.66				0.57		0.57		0.50		0.44				0.51		0.58		0.56		0.45				0.56		0.57		0.63		0.65		0.63		0.50		0.71				0.41		0.46		0.73		0.40		0.69		0.73		0.76		0.78				0.53		0.58		0.65		0.70		0.73				0.72		0.69		0.71				0.40		0.39				0.48		0.54		0.70				0.58		0.56				0.63		0.56		0.51				0.45				0.53		0.53		0.59				0.67				0.65		0.61		0.58				0.57		0.61				0.63		0.71		0.67		0.73				0.63		0.72				0.52				0.52				0.66				0.54				0.53		0.54		0.61		0.72		0.70				0.51				0.71		0.64		0.57				0.51		0.57				0.61		0.63		0.63		0.58		0.63

		Fe No. (atomic)		0.30		0.42		0.55		0.42				0.40		0.51		0.42		0.43		0.43		0.43		0.41		0.44		0.53		0.45		0.47		0.42		0.40				0.38		0.51				0.44				0.45		0.45		0.53		0.40				0.32		0.47		0.41		0.38		0.55		0.47		0.41		0.43		0.54		0.48		0.45		0.40		0.46		0.43		0.39		0.40		0.44		0.42		0.57		0.53		0.58		0.56		0.54		0.48		0.39		0.47		0.45		0.40		0.43		0.38		0.35		0.42		0.33		0.31		0.37		0.44		0.36		0.34		0.32		0.29		0.49		0.56		0.45		0.49		0.57		0.62		0.57		0.59		0.49		0.59		0.56		0.45		0.46		0.38		0.41		0.40		0.49				0.40				0.48				0.57		0.54		0.53		0.55		0.55		0.54		0.53		0.57		0.51				0.44		0.35		0.36				0.49		0.46		0.46		0.42				0.45		0.41		0.40		0.41		0.29				0.44		0.34		0.34		0.39		0.47		0.46		0.30		0.45		0.46		0.45		0.50		0.52		0.52				0.42		0.43		0.36		0.30				0.37		0.44		0.41		0.31				0.42		0.42		0.48		0.51		0.48		0.36		0.58				0.28		0.32		0.60		0.28		0.55		0.61		0.64		0.67				0.39		0.43		0.51		0.57		0.60				0.59		0.55		0.58				0.28		0.26				0.34		0.40		0.56				0.44		0.41				0.49		0.41		0.37				0.31				0.39		0.39		0.45				0.53				0.50		0.47		0.43				0.43		0.47				0.49		0.58		0.53		0.60				0.49		0.59				0.38				0.38				0.52				0.40				0.38		0.40		0.47		0.59		0.57				0.37				0.58		0.50		0.43				0.36		0.42				0.46		0.49		0.48		0.44		0.48

		K No. (wt %)		0.46		0.32		0.08		0.30				0.23		0.30		0.25		0.28		0.27		0.20		0.23		0.30		0.29		0.19		0.20		0.23		0.22				0.19		0.23				0.43				0.48		0.39		0.47		0.35				0.67		0.19		0.48		0.67		0.36		0.59		0.57		0.62		0.49		0.70		0.60		0.67		0.62		0.59		0.64		0.55		0.63		0.60		0.51		0.49		0.48		0.53		0.49		0.67		0.71		0.59		0.67		0.66		0.62		0.67		0.76		0.62		0.55		0.54		0.49		0.56		0.56		0.46		0.63		0.72		0.60		0.68		0.58		0.52		0.51		0.48		0.50		0.49		0.52		0.46		0.50		0.60		0.65		0.60		0.73		0.60		0.60				0.72				0.34				0.48		0.47		0.50		0.48		0.48		0.46		0.47		0.44		0.43				0.31		0.29		0.25				0.29		0.21		0.26		0.25				0.33		0.26		0.29		0.29		0.38				0.33		0.21		0.30		0.16		0.14		0.22		0.23		0.16		0.16		0.16		0.17		0.16		0.15				0.63		0.64		0.30		0.25				0.30		0.43		0.49		0.26				0.15		0.20		0.18		0.20		0.21		0.35		0.29				0.30		0.30		0.52		0.27		0.35		0.38		0.47		0.46				0.35		0.32		0.26		0.34		0.35				0.51		0.45		0.48				0.27		0.19				0.20		0.24		0.48				0.71		0.50				0.53		0.64		0.67				0.67				0.17		0.33		0.42				0.18				0.60		0.61		0.57				0.33		0.30				0.15		0.26		0.24		0.46				0.19		0.44				0.58				0.34				0.45				0.33				0.26		0.21		0.37		0.25		0.27				0.32				0.28		0.26		0.11				0.19		0.31				0.29		0.31		0.26		0.26		0.27

		K No (atomic)		0.36		0.23		0.05		0.22				0.16		0.22		0.18		0.20		0.19		0.14		0.16		0.22		0.21		0.14		0.14		0.16		0.16				0.14		0.17				0.33				0.38		0.30		0.37		0.27				0.57		0.13		0.38		0.57		0.27		0.49		0.47		0.52		0.39		0.60		0.49		0.57		0.52		0.49		0.54		0.45		0.53		0.50		0.40		0.38		0.38		0.42		0.39		0.57		0.61		0.48		0.57		0.56		0.52		0.57		0.68		0.52		0.45		0.44		0.39		0.46		0.45		0.36		0.53		0.63		0.49		0.58		0.48		0.41		0.41		0.37		0.40		0.38		0.42		0.36		0.40		0.50		0.55		0.50		0.64		0.49		0.49				0.63				0.25				0.38		0.37		0.40		0.38		0.38		0.36		0.37		0.35		0.33				0.23		0.22		0.18				0.21		0.15		0.19		0.18				0.24		0.18		0.21		0.21		0.29				0.25		0.15		0.22		0.11		0.10		0.15		0.17		0.11		0.11		0.11		0.12		0.12		0.11				0.53		0.54		0.22		0.18				0.22		0.34		0.38		0.18				0.10		0.14		0.13		0.14		0.15		0.27		0.21				0.22		0.22		0.41		0.19		0.26		0.29		0.37		0.36				0.26		0.23		0.19		0.25		0.26				0.41		0.35		0.38				0.19		0.14				0.14		0.17		0.38				0.62		0.40				0.42		0.54		0.57				0.58				0.12		0.25		0.32				0.12				0.50		0.50		0.47				0.25		0.22				0.10		0.19		0.17		0.36				0.14		0.34				0.48				0.25				0.35				0.25				0.19		0.15		0.28		0.18		0.19				0.24				0.20		0.19		0.07				0.14		0.23				0.21		0.23		0.19		0.19		0.19

		Minor elements

		Cl (ppm)																																																																														65.4		118.8		308.1		66.1		72.3		57.2		83.7		51.4

		F (ppm)																																																																														1300		800		2100		1200		1300		2600		1800		700

		HFS elements (as noted)

		Ba (XRF)						223		859				369				299		748						354						369				294		351										1350														1790																		2088		1422		1800		1637		1673		2425		391		1646				1714		1159		1696				1348		1793		1578		1477				1892				1347		1588		1690		1166		1402		1542												2440		2176		1992		1541		1839		1552		1856		1770		1194		1722		1404		1901		1682		1819		1856		2312		2483												2395		2414		2294		2342		2450		2355		2322		2259		2146																																		1555		1465				1180						1300				223		235				307						2450						838				841		1620		1655		1380																				2690		1390		3440		1135		2404		3332		3950		4608				1148		1028		780		1519		1439				1051		1975		1068				1135		1196				1023		794		2929										1343		1523		1523				1702																		1523								985

		Ba (ICP-MS)

		Ba (INAA)

		Ba (other)

		Rb  (XRF)		63		36		4		18				19				17		18				5		24						16				22		15										64				59										128		10		72		147				101		99						172		112		161		140		159		137		4		137		135		88		110		99		123		156		157		150		163		172		93		83		63		90		93		47		136		194												98		91		92		106		99		74		97		77		95		93		113		178		186		180		189		118		132				48				40				43		40		43		43		43		42		43		44		42																		25																22		14		23		9						18		16		4		5		19		7						43						14				18		35		33		24										18		22		31		24				51		28		68		24		40		48		75		64				11		24		12		25		30				87		48		84				24		16				14		10		97																																																										10		38				95				26				60				20				20		46		32		10		18				28				22		24		28				< 10		28				20		24		20		16		26

		Rb  (ICP-MS)

		Rb (INAA)

		Rb (other)

		Sr  (XRF)		1005		704		418		1460				449				477		599				337		448						433				366		445										960				666										827		454		700		853				854		975						950		908		1007		967		1211		968		303		895		828		1265		885		1244		815		660		987		935		849		774		1110		1080		976		1051		1076		794		804		790												1201		1105		1077		1172		1212		1084		1268		1225		827		1204		987		843		812		770		868		1144		1224				568				590				2890		2886		2541		2840		2773		2814		2801		2623		2494																		675																2665		1275		996		1170						1270		391		493		490		498		601						3160						1390				1490		2735		3220		1604										463		468		613		868				4220		1070		3259		1065		2162		3356		2701		2858				1958		1441		945		1760		1735				390		1055		564				1065		1085				884		778		3281																																				1015								592														660		500				1200				550				590				690				950		740		670		830		830				800				750		920		890				550		710				770		670		870		880		1200

		Sr  (ICP-MS)

		Sr (INAA)

		Sr (other)

		Y  (XRF)		13		19		23		10				21				21		21				21		21						23				21		20										15				11										16		9		5		15				16		10																						20																																														19		21		22		19		23		12		23		22		20		22		22		22		22		23		24		21		21				13				16				13		14		13		14		14		13		14		13		13																		19																30		24		21		24						24		13		23		22		11		31						20						22				17		26		28		21										20		11		15		13				29		21		25		24		28		22		24		18				18		21		22		22		20				33		24		24				24																																																																				20		12				22				20				12				22				22		24		26		22		22				22				26		26		26				12		20				26		20		24		20		24

		Y  (ICP-MS)

		Y (INAA)

		Y (other)

		Zr  (XRF)		203		167		86		198				112				132		190				91		111						124				108		110										188				152										290		122		132		309				220		216						425		303		415		305		316		372		141		286		267		171		178		217		213		237		428		241		288		304		213		189		167		225		226		194		280		308												264		270		257		267		232		398		223		214		192		219		209		340		300		306		223		259		293				167				143				361		342		361		358		356		334		347		321		273																		138																171		217		173		178						196		87		99		96		101		102						290						129				197		220		234		234										109		97		125		154				254		230		257		240		242		228		231		208				258		200		139		194		226				399		306		443				240		281				193		161		539																																																										160		150				300				160				144				186				162		192		245		174		172				196				215		198		176				110		250				205		168		186		162		190

		Zr  (ICP-MS)

		Zr (INAA)

		Zr (other)

		Nb  (XRF)		16		15		7		32				22				25		31				7		21						25				16		22										13				9										14		14		8		12				11		5																						6																																														28		23		25		40		13		11		12		13		10		15		11		16		13		13		11		20		21				14				15				34		33		35		34		33		33		33		30		24																		12																34		53		32		30						41		6		12		8		8		8						34						14				37		29		32		58										9		7		30		23				56		43		107		83		89		95		131		102				27		21		14		21		26				65		57		85				83																																																																				29		12				16				32				26				42				46		48		46		42		42				50				38		44		46				22		42				42		32		44		34		46

		Nb  (ICP-MS)

		Nb (INAA)

		Nb (other)

		Ta  (ICP-MS)

		Ta (INAA)																																																																														1.0		1.0		1.0		1.0		1.0		0.9		0.7		1.0						1.02		1.10				0.89		1.25		1.28		0.90				1.26						1.86						1.70		1.74																																																																																																										2.3		3				2.1						2.4						0.7				0.6																1.4		1.1				3.1

		Ta (other)

		Hf  (ICP-MS)

		Hf (INAA)																																																																														9.6		8.4		9.4		9.2		9.9		8.8		2.4		8.6						5.1		5.9				6.4		10.1		6.6		8.1				5.6						6.0						6.9		8.3																																																																																																										4.4		4.4				4.3						4.4						2.9				2.3																4.5		5.5				4.5

		Sc (XRF)

		Sc  (ICP-MS)

		Sc (INAA)																																																																														12.9		17.5		16.1		13.2		12.2		14.4		38.4		17.2						11.0		11.0				12.0		11.0		12.0		14.2				19.0						19.0						15.0		8.0																																																																																																										26		25				27						28						21				17																19		17				24																																																										5		5				4		6		13

		Sc (other)

		Cs  (XRF)

		Cs  (ICP-MS)

		Cs (INAA)						<3		<3				<3				<3		<3						<3										<3		<3										7														13																		1.2		1.2		1.2		1.3		1.3		1.2		0.9		1.2

		Cs (other)

		Light metals (as noted)

		B (ICP-MS)

		Be (ICP-MS)

		Be (other)

		Li (ICP-MS)

		Li (other)

		Ga (XRF)		18				19		22				18				17		20						16										18		20										22				28										22				17		25				37		17						22.4		21.9		21.9		22.5		22.4		21.3		19.1		22.1		20																																																																																		17				32				25		24		26		25		23		25		24		24		23																		19																														27																																										12		31

		Ga (ICP-MS)

		Ga (other)

		U, Th, LREE (as noted)

		U (XRF)

		U (ICP-MS)

		U (INAA)

		U (DN or other)		2.6				2		<2				4				3		<2				0.5		2										<2		<2										<2				1.7										11				6.4		9.1				11.5		5.1						2.2		2.1		2.1		2.3		2.7		2.0		0.9		2.1		9.3																																																																																		5.5				1.3																																						1.3																				1.2										0.2																																								1.2		0.8		3.1		1.5																																																														15.8		11.7		12				10.8

		Th (XRF)

		Th (ICP-MS)

		Th (INAA)																																																																																																		15.9		34.8				61.9		40.2		27.4		50.0				39.2						32.8						42.4		26.0

		Th (DN or other)		12				<2		10				5				<2		4				1.7		<2										<2		<2										3				6.5										46				26		36				35		25						46.3		38.3		32.9		49.6		62.7		35.1				44.1		36																																														25		29		36		20		30				28		25		18		35		22		17		28		24		22		39		27				17				5.9				3		2		3		5		6		5		3		4		2																		6.9																				5.3										0.9																																								4.2		3.2		13.9		5.7

		La (XRF)						9		55				17				19		33						15										15		17										49														71																																																																																																																												90		77		91		99		93		83		91		93		75

		Ce (XRF)						20		118				38				40		61						38										31		38										75														116																																																																																																																												175		147		176		183		175		164		170		170		141

		Nd (XRF)																																																																																																																																																																																								83		97		84		80		80		84		77		84		75

		Base metals (as noted)

		Cu (XRF)		6		11		149		91				81				87		62				52		93										83		95										28				10										47		34										27						42		36		32		40		32		35				40		26																																																																																		18				64																																						43																				7										58						100																																		28		46		26						166						70																																																																																																				48		< 20				35				65				< 20				108				108		86		64		66		56				84				34		46		68				96		52				58		36		40		60		58

		Cu (ICP-MS)

		Cu (INAA)

		Cu (other)

		Pb (XRF)		52		23		7		262				31				8		9				11		6										7		7										28				39										34		23		42		67				15		61						34		38		32		44		58		30		3		38		54																																																																																		31				26				14		14		14		12		15		9		12		12		8																		32																				26										21						22																																		17		14		33		15																																										92		128				67		52		234

		Pb (ICP-MS)

		Pb (INAA)

		Pb (other)

		Zn (XRF)		59		53		110		321				109				99		93				60		91										94		96										74				49										98		65		86		115				53		38																						92																																																																																		51				74				99		102		97		115		106		103		112		94		98																		40																				106										70						102																																		92		70		59		67				83		116		121		83		118		119		127		125				133		126		104		105		113				61		90		75																																																																								80		48				65				65				44				66				66		66		86		76		88				82				66		74		80				66		58				74		58		72		72		70

		Zn (ICP-MS)

		Zn (INAA)

		Zn (other)

		Ni (XRF)		225		51		223		112				184				189		191				94		153						168				147		188										79				29										234		30		57		121				50		88						153		84		151		81		44		152		177		87		68				19		28				29		98		71		108				218						214						203		211												132		227		237		170		21				31		23		21		20		14		68		96		113				198		146				122				52				28		29		29		28		30		32		37		28		43																		72																70		242		239		121						257		150		168		173		86		92						242						196				184		74		30		292										28		31		88		7				76		365		48		366		33		29		17		14				148		177		61		21		12				56		11		6				366		311				226		182		25																																																										40		< 20				65				140				< 20				116				92		96		104		56		58				220				22		44		92				235		118				74		52		50		84		34

		Ni (ICP-MS)

		Ni (INAA)

		Ni (other)

		Cr (XRF)		340		140		332		262				521				461		333				268		452						220				448		519										120				38										301		76		83		174				82		121						248		164		262		133		65		213		467		102		102				39		20				56		156		108		143				351						339						298		273												289		386		387		279		103				68		15		81		58		52		71		117		194				333		244				166				55				37		36		39		31		35		53		44		29		61																		133																165		375		398		250						520		196		220		225		62		90						225						410				225		120		65		440										81		102		195		< 5				123		650		9		714		9		8		27		56				290		252		90		40		10				11		9						714		933				447		373		41

		Cr (ICP-MS)

		Cr (INAA)

		Cr (other)

		Co (XRF)		27		21																		33																												8												27		14		18				13		15						13		21		14		13				15		88		11		13				19.0		18.0				17.0		24.0		23.0		12.8				38.0						40.0						36.0		27.0																																																24				24																																						24																				43										31						26																																		23		22		23		13				29

		Co (ICP-MS)

		Co (INAA)

		Co (other)

		V (XRF)						194		216				175				199		177						195										178		177										97														127																		130		139		135		123		96		139		262		113				19		25		19		14		36		96		77		84		105		205		299		202		203		273		303		211		219																																																								127		135		130		136		138		138		134		135		127																																																																																																		274		230		263		225		229		186		113		29				198		188		210		175		157				87		107		70				225		242				210		117		167

		V (ICP-MS)

		V (INAA)

		V (other)

		Mo (XRF)		3		4		2		1				3				4		3				3		2										2		2										2				3										2		3		3		4				4		3																						4																																																																																		3				3																																						2																				4										3						4																																		3		3		3		3

		Mo (ICP-MS)

		Mo (INAA)

		Mo (other)

		Sn (XRF)		< 5		< 5		<2		<2				<2				<2		<2				< 5		<2										<2		<2										<2				< 5										3		< 5		< 5		< 5				< 5		< 5																						< 5																																																																																		< 5				< 5																																						6																				< 5										< 5						< 5																																		< 5		< 5		< 5		< 5

		Sn (ICP-MS)

		Sn (ICP-MS)

		Sn (other)

		W (XRF)		6		< 5		<5		12				14				12		11				< 5		19										21		<10										15				< 5										<5		< 5		7		< 5				5		< 5																						< 5																																																																																		5				< 5																																						< 5																				5										< 5						7																																		5		< 5		< 5		< 5





T v2

		Decimal lat

		Decimal long

		30x60 quad

		7 1/2 quad

		Twp

		Rng

		Sec

		Elev

		Mag susc

		Scint

		Age		T		T		T		T		T		T		T		T		T		T		T		T		T		T		T				T		T		T		T		T		T		T		T		T		T		T		T		T		T		T		T		T		T		T		T		T		T		T				T		T		T				T				T		T		T		T		T		T		T		T		T		T		T		T		T		T		T		T				T		T		T		T		T		T		T		T				T				T		T		T				T		T		T		T		T				T		T		T		T				T		T

		Source		Lewis 1983		Lewis 1983		Lewis 1983		Scott 1974		Scott 1974		Scott 1974		Scott 1974		Scott 1974		Scott 1974		Scott 1974		Scott 1974		Scott 1974		Scott 1974		Scott 1974		Lewis 1983				Lewis 1983		Lewis 1983		Scott 1974		Lewis 1983		Scott 1974		Scott 1974		Scott 1974		Scott 1974		Scott 1974		Scott 1974		Lewis 1983		Lewis 1983		Lewis 1983		Lewis 1983		Lewis 1983		Scott 1974		Scott 1974		Scott 1974		Scott 1974		Lewis 1983		Scott 1974		Scott 1974		Lewis 1983				Lewis 1983		Lewis 1983		Lewis 1983				Lewis - Majors WDXRF				Scott 1974		Scott 1974		Scott 1974		Scott 1974		Scott 1974		Scott 1974		Scott 1974		Scott 1974		Scott 1974		Scott 1974		Scott 1974		Scott 1974		Scott 1974		Scott 1974		Scott 1974		Scott 1974				Lewis 1983		Scott 1974		Scott 1974		Scott 1974		Scott 1974		Scott 1974		Scott 1974		Lewis 1983				Lewis - Majors WDXRF				Lewis 1983		Lewis 1983		Lewis 1983				Lewis 1983		Lewis 1983		Lewis - Majors WDXRF		Lewis - Majors WDXRF		Scott 1974				Scott 1974		Scott 1974		Scott 1974		Lewis 1983				Lewis 1983		Lewis 1983

		Location																														Towel Ck																																																				Hackberry Basin		Hackberry Basin		Hackberry Basin																																																																																														Cedar Spg

		Map unit

		Field #		RL-79-35		RL-78-3		RL-79-54		B24a-1		B24b-1		B23b-1		B22-1		B21b-1		B20-1		B19b-1		B19a-1		B18b-1		B16-1		B15-1		RL-79-13				RL-79-76		RL-79-77		T14-1		RL-79-80		T13b-1		T13-3		T13a-1		T13-1		T11a-1		T11-1		RL-79-46		RL-79-83		RL-79-84		RL-79-85		RL-79-86		T6-2		T5b-1		T4-1		T6-1		RL-79-61		T(-)1-3a		T(-)1-3p		RL-79-66				RL-79-73		RL-79-72		RL-79-64				RL-80-7				B14-2		B14-1		B13a'-1		B13-2		B13-1		B9-1		B8-1		B11b-1		B11a-2		B11-2		B11-1		B10-M2		B10-3		B4ee-1		B4-1		B3-2				RL-79-60		A4b-u1		A4b-m1		A4a-2		A4a-1		A4-2		A4-1		RL-79-65				RL-80-4				RL-79-50		RL-79-74		RL-80-10				RL-79-26		RL-79-5		RL-79-106		RL-79-90		R(-)1-2				B1b-m2		B1b-m1		B1b-b1		RL-79-51				RL-79-71		RL-79-69

		Lab #		M-141501		M-141500		M-141499		Flag?		Flag?		Flag?		Flag?		Flag?		Flag?		Flag?		Flag?		Flag?		Flag?		Flag?		M-141502				M-141498		M-141512		Flag?		M-141497		Flag?		Flag?		Flag?		Flag?		Flag?		Flag?		M-141491		M-141496		M-141494		M-141495		M-141493		Flag?		Flag?		Flag?		Flag?		M-141492		Flag?		Flag?		M-141513				M-141510		M-141507		M-141508				M-144766				Flag?		Flag?		Flag?		Flag?		Flag?		Flag?		Flag?		Flag?		Flag?		Flag?		Flag?		Flag?		Flag?		Flag?		Flag?		Flag?				M-141505		Flag?		Flag?		Flag?		Flag?		Flag?		Flag?		M-141506				M-144765				M-141488		M-141503						M-141490		M-141504		M-144764		M-144763		Flag?				Flag?		Flag?		Flag?		M-141489				M-141511		M-141487

		Alteration

		Mineralization

		Rock type		bas B32		bas B31		bas B25		bas		bas		bas		bas		bas		bas		bas		bas		bas		bas		bas		bas				tuff basal clast		tuff basal		bas		tuff T13		tuff		tuff		tuff		tuff		tuff		tuff		tuff		tuff T11		tuff basal clast T5		tuff basal clast T5		tuff T15		tuff		tuff		tuff		bas		tuff T(2)		tuff		tuff		tuff clast				tuff		tuff clast		tuff				TUFF				bas		bas		bas		bas		bas		bas		bas		bas		bas		bas		bas		bas		bas		bas		bas		bas				and		and		and		and		and		and		and		and				BRECCIA BELOW FLOW				dac		dac		dac				RHYODACITE DIKE		RHYOLITE		RHYOLITE DIATREME GM		RHYOLITE DOME		rhy-dac				bas		bas		bas		13-mile Rx basalt				dac		dac

		Suite		Hickey 01?		Hickey 02		Hickey 03		Hickey 04		Hickey 05		Hickey 05		Hickey 05		Hickey 05		Hickey 06		Hickey 07		Hickey 07		Hickey 07		Hickey 08		Hickey 09		Hickey 12				Towel Ck - 01		Towel Ck - 01		Towel Ck - 01		Towel Ck - 02		Towel Ck - 02		Towel Ck - 02		Towel Ck - 02		Towel Ck - 02		Towel Ck - 02		Towel Ck - 02		Towel Ck - 03		Towel Ck - 03		Towel Ck - 04		Towel Ck - 04		Towel Ck - 04		Towel Ck - 04		Towel Ck - 04		Towel Ck - 04		Towel Ck - 04		Towel Ck - 06		Towel Ck - 06		Towel Ck - 06		Towel Ck - 07				Towel Ck		Towel Ck		Towel Ck				Chalk Spgs				Thirteenmile - 10		Thirteenmile - 10		Thirteenmile - 11		Thirteenmile - 11		Thirteenmile - 11		Thirteenmile - 13		Thirteenmile - 13		Thirteenmile - 13		Thirteenmile - 13		Thirteenmile - 13		Thirteenmile - 13		Thirteenmile - 13		Thirteenmile - 13?		Thirteenmile - 15		Thirteenmile - 15		Thirteenmile - 15				Cimarron Hills 01		Cimarron Hills 01		Cimarron Hills 01		Cimarron Hills 01		Cimarron Hills 01		Cimarron Hills 01		Cimarron Hills 01		Cimarron Hills 03				RD bx				Hackberry Mtn		Hackberry Mtn		Hackberry Mtn				Unnamed Rhy		Unnamed Rhy		Unnamed Rhy		Unnamed Rhy		Unnamed Rhy				Thirteenmile - top 01		Thirteenmile - top 01		Thirteenmile - top 01		Thirteenmile - top 04				Sally May		Sally May

		Major oxides (XRF)

		SiO2		38.30		48.80		44.90		56.10		56.10		50.50		48.30		50.40		47.20		50.60		53.50		49.10		47.40		46.70		50.80				63.00		61.80		62.80		62.50		64.20		65.80		66.00		66.70		65.30		64.30		62.00		60.60		61.70		65.90		61.80		60.80		63.10		60.30		60.90		65.00		65.10		64.80		60.30				64.90		66.20		60.40				63.46				47.60		44.60		42.80		46.70		44.40		48.90		46.10		46.60		47.00		45.70		51.80		47.00		45.30		49.10		47.60		50.70				54.30		54.80		54.90		54.70		55.80		54.60		55.70		53.40				62.61				63.70		68.30		68.95				69.50		71.70		66.88		72.79		71.10				46.10		46.50		45.80		44.10				67.40		66.00

		TiO2		0.76		1.29		1.45		0.87		0.89		1.18		1.83		1.18		1.60		1.40		1.32		1.03		1.31		1.12		1.14				0.49		0.49		0.45		0.46		0.38		0.40		0.37		0.39		0.40		0.46		0.43		0.58		0.47		0.54		0.52		0.53		0.53		0.63		0.57		0.32		0.31		0.31		0.43				0.36		0.33		0.64				0.48				1.16		1.16		1.12		1.05		1.40		1.16		1.16		1.07		1.47		0.96		1.08		1.35		1.00		1.01		1.69		1.36				1.06		1.14		1.07		1.04		1.07		1.09		1.10		1.18				0.52				0.46		0.42		0.28				0.32		0.17		0.38		0.08		0.18				1.64		1.69		1.70		1.69				0.31		0.39

		Al2O3		11.80		13.80		17.20		14.20		14.20		15.50		18.40		14.20		16.20		15.70		16.80		12.90		16.30		14.80		14.00				15.30		16.00		15.50		16.20		15.20		15.50		15.40		15.80		15.70		15.50		15.80		17.30		15.60		16.10		16.40		15.80		16.10		17.10		16.70		15.70		15.60		15.40		17.10				15.40		15.40		16.60				15.07				14.90		14.70		15.40		17.30		13.90		16.30		15.20		16.40		16.60		15.50		15.40		16.90		16.90		14.70		15.00		15.00				15.40		15.70		15.00		15.70		15.90		15.70		16.10		16.50				15.66				15.40		14.70		14.59				14.60		14.10		14.71		13.87		14.2				17.50		17.40		16.90		16.60				15.40		15.40

		Fe2O3								3.61		3.75		9.01		8.40		5.07		6.44		4.89		6.02		3.37		3.82		8.23										2.94				2.50		2.60		2.60		2.60		3.05		2.70												3.72		1.80		3.40		3.26				2.40		2.00																		3.77		8.10		8.50		7.60		6.80		4.84		4.29		7.30		8.70		7.90		6.30		7.80		7.80		5.30		7.30		5.60						7.10		3.40		5.70		4.40		5.77		5.40														2.78												1.00				5.70		4.70		10.10

		FetO3		7.49		8.07		10.50																								7.25				3.76		3.97				3.82														3.75		4.73		3.56		3.93		3.94										3.19						4.08				3.19		3.01		4.78				4.24																																						7.73														8.61				4.07				3.69		3.36						2.72		1.61		3.27		1.20												11.90				2.88		2.98

		FeOt

		FeO								3.38		2.97		1.05		1.26		3.74		3.69		3.06		1.49		6.53		6.03		2.93										0.95				0.81		0.63		0.72		0.72		0.63		0.99												0.81		2.25		1.17		1.44				0.81		0.81																		5.54		1.89		2.97		2.61		3.06		4.19		5.4		2.70		2.40		2.61		2.70		2.21		2.43		4.32		2.43		2.52						0.63		4		1.80		2.43		1.26		2.39																										0.54				5.13		6.48		1.89

		MnO		0.18		0.07		0.13		0.12		0.11		0.11		0.10		0.15		0.14		0.11		0.10		0.16		0.17		0.17		0.15				0.07		0.05		0.06		0.05		0.07		0.05		0.08		0.06		0.10		0.07		0.06		0.07		0.06		0.03		0.06		0.07		0.07		0.08		0.08		0.05		0.07		0.17		0.05				0.04		0.05		0.07				0.06				0.16		0.15		0.14		0.12		0.15		0.15		0.19		0.11		0.11		0.12		0.10		0.09		0.13		0.15		0.15		0.14				0.11		0.13		0.11		0.11		0.12		0.09		0.10		0.13				0.08				0.06		< 0.02		0.05				0.04		0.03		0.05		0.06		0.05				0.19		0.21		0.14		0.19				< 0.02		< 0.02

		MgO		7.44		3.50		5.84		6.20		5.80		5.10		3.50		9.30		5.90		6.30		3.30		12.30		7.00		7.00		6.94				2.10		2.00		2.20		1.80		1.80		1.30		1.60		1.40		1.40		1.70		1.70		2.10		1.80		1.00		2.00		2.40		1.80		2.20		2.00		1.20		1.60		1.50		2.10				0.96		1.10		2.50				1.90				9.90		7.40		7.00		5.10		7.40		7.70		8.10		5.40		4.30		6.00		7.30		4.60		5.40		9.30		5.90		3.90				5.20		5.10		5.60		4.50		4.50		4.10		3.40		4.70				2.30				1.90		0.55		1.30				1.10		0.52		0.90		0.50		0.60				5.80		5.60		4.00		6.58				0.83		0.50

		CaO		12.60		8.36		12.10		7.50		7.50		10.00		10.00		9.40		11.80		10.10		7.7		8.70		10.60		11.50		9.96				4.16		4.11		4.2		4.00		3.40		3.30		3.40		3.10		3.70		4.10		3.88		4.93		4.40		4.05		4.40		4.70		4.40		4.90		4.70		3.58		3.40		3.60		4.40				3.43		3.32		5.53				3.92				10.20		14.80		14.90		12.60		14.90		9.80		12.50		12.30		11.90		12.60		9.30		11.90		12.40		9.10		10.80		10.20				8.52		8.50		7.80		8.00		8.20		8.40		8.20		8.76				4.27				3.47		3.08		2.55				2.74		1.89		2.66		1.22		2.00				10.20		9.90		11.10		12.20				2.70		2.92

		Na2O		1.20		2.50		2.20		3.50		3.40		3.30		3.40		3.20		2.70		3.30		3.50		2.70		2.90		2.70		2.80				2.60		2.80		3.20		3.20		3.10		4.00		3.80		3.80		3.20		3.80		3.20		3.60		3.10		3.80		3.20		3.70		3.90		4.40		3.80		3.20		3.30		3.40		3.00				3.20		3.60		3.50				3.50				2.7		3.10		2.50		3.00		2.60		3.10		2.50		2.30		2.30		2.70		3.30		3.40		2.90		3.30		3.70		4.20				3.10		4.00		4.00		4.00		4.00		3.70		3.90		3.40				4.06				3.30		3.30		3.74				3.60		3.10		3.61		3.87		3.30				3.40		3.90		2.60		2.90				3.20		3.60

		K2O		3.65		1.51		0.92		1.70		2.10		1.20		1.40		1.20		1.20		1.30		1.50		0.80		0.90		0.70		1.67				3.03		2.40		2.60		2.45		2.70		2.70		2.60		2.70		2.70		2.7		2.35		2.40		2.68		2.63		2.30		2.50		2.60		2.20		2.5		2.63		2.70		2.90		1.77				2.49		2.51		1.84				1.46				0.90		1.20		0.90		1.10		1.70		1.00		0.80		1.20		0.80		1.30		1.30		1.10		1.70		1.00		1.80		2.20				1.55		1.60		1.90		1.70		1.80		1.80		2.00		1.34				2.52				2.59		2.82		2.63				3.28		3.59		2.77		3.74		3.10				1.20		1.20		1.10		1.10				2.55		2.70

		P2O5		0.56		0.40		1.00		0.29		0.28		0.49		0.52		0.47		0.90		0.62		0.56		0.41		0.65		0.43		0.83				0.30		0.20		0.22		0.30		0.20		0.17		0.20		0.19		0.22		0.25		0.20		0.30		0.30		0.30		0.30		0.31		0.28		0.31		0.35		0.20		0.15		0.15		0.20				0.20		0.20		0.40				0.21				0.42		0.84		0.75		0.46		0.99		0.51		0.70		0.54		0.54		0.83		0.35		0.60		0.92		0.30		0.80		0.70				0.40		0.39		0.38		0.40		0.37		0.43		0.41		0.50				0.26				0.30		0.40		0.08				0.20		< 0.10		0.16		0.05		0.10				0.84		0.84		0.86		1.10				0.10		0.20

		H2O+								0.64		0.73		0.79		0.81		1.11		1.04		1.22		1.76		0.97		1.87		1.45										2.41				2.47		1.68		1.56		1.82		1.75		1.73												1.90		1.71		1.38		1.62				2.34		2.53																		1.62		0.99		0.73		1.41		1.43		1.06		1.53		1.42		1.41		1.41		1.01		1.32		1.11		1.12		0.72		0.60						0.38		0.55		0.59		0.66		0.81		0.37																										2.29				1.34		1.40		1.13

		H2O-								1.38		1.53		2.05		1.82		0.92		1.25		1.62		2.64		0.49		0.84		1.25										1.79				2.50		1.21		1.41		1.16		1.38		1.42												1.82		1.08		1.10		1.07				1.53		1.08																		0.80		1.18		1.40		1.18		1.12		0.72		0.77		1.97		2.27		1.23		1.46		1.25		1.25		1.19		1.2		0.96						0.88		1.19		1.43		1.13		1.74		0.69																										0.53				0.62		0.70		2.02

		CO2								0.20		0.62		0.33		0.32		0.31		< 0.05		0.46		0.09		0.06		0.26		1.05										< 0.05				< 0.05		0.10		< 0.05		0.10		< 0.05		0.53												0.17		< 0.05		0.06		< 0.05				0.10		0.36																		0.13		< 0.05		0.06		0.22		0.33		0.26		0.21		< 0.05		< 0.05		0.22		< 0.05		0.65		0.06		0.07		0.47		1.15						< 0.05		< 0.05		< 0.05		0.10		< 0.05		0.07																										< 0.05				0.24		0.20		< 0.05

		S

		F

		Cl

		LOI		15.0		10.29		3.09																								3.39				3.62		4.51				3.78														4.12		2.00		4.74		0.54		4.25										3.65						5.09				4.32		2.49		2.81				5.0																																						1.56														0.41				3.0				3.35		1.24		3.0				0.72		1.96		4.0														0.61				3.30		2.19

		Less O

		TOTAL		98.98		98.59		99.33		99.69		99.98		100.61		100.06		100.65		100.06		100.68		100.28		99.52		100.05		100.03		98.93				98.43		98.33		99.32		98.56		99.33		99.44		99.74		100.54		99.53		100.25		97.49		98.61		98.41		98.82		99.17		99.23		99.62		99.23		98.99		98.72		99.41		99.01		98.52				98.49		98.21		99.07				99.30				99.80		100.11		99.17		100.45		100.18		99.69		99.45		99.31		99.80		99.08		101.40		100.17		99.30		99.96		99.56		99.23				98.93		100.35		99.59		99.67		100.48		99.49		99.83		98.93				99.35				98.22		98.17		99.95				98.82		98.67		99.39		97.38		98.99				99.90		100.72		99.34		98.97				98.67		96.88

		Calculations

		R1		1065		1774		1694		1889		1838		1626		1390		1678		1599		1651		1743		1831		1619		1671		1788				2457		2448		2326		2345		2448		2237		2343		2366		2477		2194		2338		2063		2280		2312		2329		2021		2088		1805		1985		2489		2441		2349		2423				2514		2459		2213				2523				1722		1304		1428		1498		1345		1654		1708		1721		1804		1486		1713		1374		1301		1585		1142		1126				1932		1631		1576		1606		1670		1694		1627		1790				2023				2360		2622		2571				2506		2790		2432		2566		2793				1255		1090		1521		1309				2675		2401

		R2		1948		1339		1922		1388		1369		1627		1604		1745		1873		1701		1317		1794		1801		1868		1684				849		853		863		835		751		722		745		711		773		827		809		971		866		799		892		932		876		969		930		751		749		762		910				717		712		1041				809				1875		2239		2243		1940		2234		1750		2037		1905		1812		1950		1659		1833		1926		1723		1742		1579				1472		1470		1407		1387		1412		1410		1362		1494				878				768		645		624				634		505		618		427		522				1722		1678		1717		1957				632		639

		Al / CNK		0.41		0.66		0.65		0.67		0.66		0.62		0.73		0.60		0.60		0.62		0.79		0.61		0.65		0.57		0.57				1.01		1.09		0.99		1.07		1.07		1.00		1.01		1.07		1.05		0.93		1.06		0.99		0.98		0.98		1.04		0.91		0.93		0.92		0.95		1.07		1.07		1.01		1.15				1.09		1.05		0.93				1.04				0.62		0.44		0.48		0.60		0.42		0.68		0.55		0.60		0.63		0.54		0.65		0.59		0.58		0.64		0.54		0.54				0.69		0.66		0.66		0.68		0.68		0.67		0.69		0.72				0.91				1.06		1.04		1.07				1.01		1.14		1.07		1.10		1.14				0.69		0.68		0.66		0.59				1.19		1.09

		Fe No. (wt %)		0.48		0.67		0.62		0.52		0.52		0.64		0.72		0.47		0.62		0.54		0.68		0.44		0.57		0.60		0.48				0.62		0.64		0.62		0.66		0.63		0.70		0.66		0.69		0.71		0.67		0.66		0.67		0.64		0.78		0.64		0.63		0.68		0.66		0.69		0.71		0.65		0.64		0.64				0.75		0.71		0.63				0.67				0.47		0.55		0.60		0.65		0.55		0.53		0.53		0.63		0.70		0.62		0.53		0.67		0.64		0.49		0.60		0.66				0.57		0.58		0.55		0.61		0.59		0.61		0.68		0.62				0.61				0.64		0.85		0.66				0.69		0.74		0.77		0.68		0.71				0.64		0.66		0.73		0.62				0.76		0.84

		Fe No. (atomic)		0.34		0.54		0.48		0.37		0.38		0.50		0.59		0.33		0.47		0.40		0.54		0.30		0.43		0.45		0.35				0.47		0.50		0.48		0.52		0.49		0.56		0.52		0.55		0.57		0.53		0.53		0.53		0.50		0.66		0.50		0.49		0.55		0.52		0.55		0.57		0.51		0.49		0.50				0.63		0.58		0.49				0.53				0.34		0.41		0.46		0.51		0.41		0.38		0.39		0.49		0.57		0.48		0.39		0.53		0.50		0.35		0.46		0.52				0.43		0.44		0.40		0.46		0.44		0.47		0.54		0.48				0.47				0.50		0.76		0.52				0.56		0.61		0.65		0.55		0.57				0.50		0.52		0.61		0.48				0.64		0.75

		K No. (wt %)		0.75		0.38		0.29		0.33		0.38		0.27		0.29		0.27		0.31		0.28		0.30		0.23		0.24		0.21		0.37				0.54		0.46		0.45		0.43		0.47		0.40		0.41		0.42		0.46		0.42		0.42		0.40		0.46		0.41		0.42		0.40		0.40		0.33		0.40		0.45		0.45		0.46		0.37				0.44		0.41		0.34				0.29				0.25		0.28		0.26		0.27		0.40		0.24		0.24		0.34		0.26		0.32		0.28		0.24		0.37		0.23		0.33		0.34				0.33		0.29		0.32		0.30		0.31		0.33		0.34		0.28				0.38				0.44		0.46		0.41				0.48		0.54		0.43		0.49		0.48				0.26		0.24		0.30		0.27				0.44		0.43

		K No (atomic)		0.67		0.28		0.22		0.24		0.29		0.19		0.21		0.20		0.23		0.21		0.22		0.16		0.17		0.15		0.28				0.43		0.36		0.35		0.33		0.36		0.31		0.31		0.32		0.36		0.32		0.33		0.30		0.36		0.31		0.32		0.31		0.30		0.25		0.30		0.35		0.35		0.36		0.28				0.34		0.31		0.26				0.22				0.18		0.20		0.19		0.19		0.30		0.18		0.17		0.26		0.19		0.24		0.21		0.18		0.28		0.17		0.24		0.26				0.25		0.21		0.24		0.22		0.23		0.24		0.25		0.21				0.29				0.34		0.36		0.32				0.37		0.43		0.34		0.39		0.38				0.19		0.17		0.22		0.20				0.34		0.33

		Minor elements

		Cl (ppm)

		F (ppm)

		HFS elements (as noted)

		Ba (XRF)

		Ba (ICP-MS)

		Ba (INAA)

		Ba (other)

		Rb  (XRF)

		Rb  (ICP-MS)

		Rb (INAA)

		Rb (other)

		Sr  (XRF)

		Sr  (ICP-MS)

		Sr (INAA)

		Sr (other)

		Y  (XRF)

		Y  (ICP-MS)

		Y (INAA)

		Y (other)

		Zr  (XRF)

		Zr  (ICP-MS)

		Zr (INAA)

		Zr (other)

		Nb  (XRF)

		Nb  (ICP-MS)

		Nb (INAA)

		Nb (other)

		Ta  (ICP-MS)

		Ta (INAA)

		Ta (other)

		Hf  (ICP-MS)

		Hf (INAA)

		Sc (XRF)

		Sc  (ICP-MS)

		Sc (INAA)

		Sc (other)

		Cs  (XRF)

		Cs  (ICP-MS)

		Cs (INAA)

		Cs (other)

		Light metals (as noted)

		B (ICP-MS)

		Be (ICP-MS)

		Be (other)

		Li (ICP-MS)

		Li (other)

		Ga (XRF)

		Ga (ICP-MS)

		Ga (other)

		U, Th, LREE (as noted)

		U (XRF)

		U (ICP-MS)

		U (INAA)

		U (DN or other)

		Th (XRF)

		Th (ICP-MS)

		Th (INAA)

		Th (DN or other)

		La (XRF)

		Ce (XRF)

		Nd (XRF)

		Base metals (as noted)

		Cu (XRF)

		Cu (ICP-MS)

		Cu (INAA)

		Cu (other)

		Pb (XRF)

		Pb (ICP-MS)

		Pb (INAA)

		Pb (other)

		Zn (XRF)

		Zn (ICP-MS)

		Zn (INAA)

		Zn (other)

		Ni (XRF)

		Ni (ICP-MS)

		Ni (INAA)

		Ni (other)

		Cr (XRF)

		Cr (ICP-MS)

		Cr (INAA)

		Cr (other)

		Co (XRF)

		Co (ICP-MS)

		Co (INAA)

		Co (other)

		V (XRF)

		V (ICP-MS)

		V (INAA)

		V (other)

		Mo (XRF)

		Mo (ICP-MS)

		Mo (INAA)

		Mo (other)

		Sn (XRF)

		Sn (ICP-MS)

		Sn (ICP-MS)

		Sn (other)

		W (XRF)





Geochemistry data.xls



MOCA and TUZI GRI Map Document75

2019 NPS Geologic Resources Inventory Program

Lines 21-44 include data for major elements and major oxides.

Lines 46-53 include calculations for figures in the text.

Lines 56-167 include data for minor elements determined by various analytical procedures. XRF,
energy-dispersive x-ray fluorescence; ICP-MS, induction-coupled plasma mass spectrometry; INAA,
instrumental neutron activation analysis; other, any technique other than the three described above.

The spreadsheet contains nine tabs or data sheets labeled as follows:

X gr plut – Early Proterozoic granitic to dioritic rocks. Data arranged in suites, generally from mafic to
felsic.

X gb plut – Early Proterozoic gabbroic rocks. Data arranged in suites from west to east.

Y plut – Middle Proterozoic plutonic rocks. Data arranged in suites from west to east.

X mv1 – Early Proterozoic metavolcanic rocks. Data from published and unpublished USGS sources
arranged in suites from west to east.

X mv2 – Early Proterozoic metavolcanic rocks. Data from non-USGS sources arranges in suites from
west to east.

X alt – Early Proterozoic hydrothermally altered rocks. Data arranged in subgroups of suites from west
to east.

TK plut – Tertiary-Cretaceous plutonic and hypabyssal rocks. Data arranged in suites from west to
east. Data from Ball (1983) recalculated because of analytical problems with Al2O3 and Na2O 

T v1 – Tertiary volcanic rocks. Data from published and unpublished USGS sources arranged in
suites either alphabetically or from west to east.

Tv2 – Tertiary volcanic rocks in and near the Hackberry volcanic center. Data arranged alphabetically
in suites.

Pamphlet

The pamphlet for the Geologic Map of the Prescott National Forest and the Headwaters of the Verde
River, Yavapai and Coconino Counties, Arizona is presented below.

Pamphlet to accompany Scientific Investigations Map 2996

The pamphlet contains the following sections:

Contents
Figures
Tables
Conversion Factors
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DESCRIPTION OF MAP UNITS


Qa	 Artificial fill—Manmade structures that include waste piles and tailings ponds
Qal	 Alluvium (Holocene)—Sand, gravel, and silt in present-day stream beds.  Includes minor 


terrace deposits along streams.  Simplified from Ostenaa and others (1993) in Big Chino 
Valley and from House (1994) and House and Pearthree (1993) in Verde River valley 
(fig. 1).  Thickness highly variable, 2–20 m


Qc	 Colluvium and sedimentary breccia (Holocene and Pleistocene)—Debris flows and 
minor landslide deposits


Qf	 Fanglomerate (Holocene and Pleistocene)—Poorly sorted gravel and debris flows and 
minor landslide deposits.  Includes much medium-grained, limestone-rich fan material 
in Big Chino Valley, north of Big Chino Wash.  Thickness highly variable, 30–40 m


Qt	 Terrace gravel (Holocene and Pleistocene)—Well-sorted gravel deposits along major 
streams.  Simplified from Ostenaa and others (1993) in Big Chino Valley and from 
House (1994) and House and Pearthree (1993) in Verde River valley.  Thickness 2–10 m


Qg	 Gravel (Holocene and Pleistocene)—Well-sorted sand and gravel and minor conglomerate.  
Simplified from Ostenaa and others (1993) in Big Chino Valley and from House (1994) 
and House and Pearthree (1993) in Verde River valley.  Thickness 2–15 m


Qs	 Sediment (Holocene and Pleistocene)—Silt and clay containing minor deposits of mixed 
sediment and gravel.  Simplified from Ostenaa and others (1993) in Big Chino Valley.  
Unknown thickness


QTl	 Landslide deposits (Holocene to Pliocene)—Chaotic blocks of Tertiary basalt and Tertiary 
sedimentary rocks, especially abundant in southwestern part of map area, along Syca-
more Creek, and in southeastern part of map area, east of Verde River.  In places, may 
be entirely Quaternary in age


QTf	 Fanglomerate (Pleistocene and Pliocene)—Poorly sorted gravel conglomerate that crops 
out on north, east, and west sides of Sullivan Buttes as well as in other localities in map 
area.  Gravel rich in lati-andesite fragments.  Thickness 10–150 m


QTg	 Gravel (Pleistocene and Pliocene)—Poorly sorted gravel and conglomerate.  In south-
western Verde River valley, gravel contains angular to semi-rounded Tertiary basalt and 
Paleozoic limestone and sandstone cobbles that rest unconformably on Verde Forma-
tion.  Thickness 2–10 m


QTs	 Sedimentary rocks (Pleistocene and Pliocene)—Siltstone, sandstone, and mixed sedimen-
tary and volcaniclastic rocks


	 Verde Formation (Pliocene and Miocene)—Fine-grained clastic and chemically precipi-
tated strata deposited in lacustrine environment (Jenkins, 1923; Twenter and Metzger, 
1963; Thompson, 1983; Nations and others, 1981).  Two basalt flows, one near mouth 
of Sycamore Canyon and the other along Interstate 17, are interbedded with the lake-
bed sediments, but are described among the younger basalts.  Thickness of exposed 
rocks about 480 m; thickness of entire formation about 780 m, but may exceed 950 m.  
Age about 2–7 Ma (Bressler and Butler, 1978; McKee and Anderson, 1971)


Tvs	 Undivided sedimentary rocks—Includes limestone, claystone, silty limestone, and silt-
stone.  Thickness variable


Tvl	 Lacustrine rocks—Includes claystone, siltstone, and silty limestone.  Thickness variable
Tvls	 Limestone—Limestone and silty limestone.  Thickness variable
Tvg	 Gravel—Silty limestone that contains pebbles and cobbles of Paleozoic sandstone and 


limestone and Tertiary basalt.  Abundant on northwest and southeast margins of outcrop 
of Verde Formation.  Thickness variable


Tvt	 Travertine (Pliocene)—Coarse-grained, calcite-rich travertine mounds, especially abun-
dant near Montezuma Well, in east-central part of outcrops of Verde Formation.  Thick-
ness about 10–35 m


Tve	 Evaporite beds (Miocene)—Sulfate-rich strata interbedded with minor limestone and 
siltstone (Thompson, 1983).  Sulfate minerals include glauberite, gypsum, mirabillite, 
and thernardite.  Thickness about 10–35 m


Tfy	 Fanglomerate (Pliocene)—Poorly sorted fanglomerate and conglomerate along west side 
of Bradshaw Mountains, from Granite Mountain to southern boundary of map area.  







�    Geologic Map of the Prescott National Forest and the Headwaters of the Verde River, Arizona


Figure 1.  Extents of geologic map and boundary of the Prescott National Forest (shaded), north-central Arizona.  Boundaries and names 
of 30’ x 60’ quadrangles shown.
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Cobble- to boulder-size clasts derived from the east include rock types exposed in Brad-
shaw Mountains, especially Early Proterozoic gabbro, metavolcanic rocks, and granitic 
rocks.  Unconformable on underlying Milk Creek Formation (unit Tmc) away from 
basin margin.  Upper part of Milk Creek Formation, as used by Anderson and Blacet 
(1972a), is included in this unit because of eastern provenance and contrasting rock 
type compared to underlying, fine-grained nature of lacustrine Milk Creek Formation as 
originally defined (Hook, 1956).  Thickness 10–240 m


	 Younger volcanic and sedimentary rocks (Pliocene and Miocene)—Alkali basalt and 
basalt flows and interbedded conglomeratic sedimentary rocks.  In central part of map 
area, flows were derived from the north, along the Mogollon Rim.  Flows and sedimen-
tary rocks fill canyons cut through the ancestral Mogollon Rim.  In northeastern part of 
map area, flows were derived from the northeast, predominantly the Mormon Moun-
tain volcanic field (Nealey and Sheridan, 1989; Weir and others, 1989), and include 
the so-called “ramp” basalts that flowed into the ancestral Verde River valley.  In the 
northwest, flows were derived from the Juniper Mountains (Goff and others, 1983), and 
flowed into the ancestral Big Chino Valley.  Sedimentary rocks, in aggregate, predomi-
nate over flows.  Individual flows 10–20 m thick.  Aggregate thickness of flows highly 
variable, about 40–50 m.  Sedimentary rocks range greatly in thickness, because they 
were deposited in channels cut into underlying bedrock.  Channel deposits as thick as 
60 m are noted in places.  Includes Perkinsville Formation.  Age about 4–7 Ma (McKee 
and Anderson, 1971; Goff and others, 1983)


Taby	 Alkali basalt—Alkali basalt flows and minor cinder cones.  Includes flows in Verde and 
Perkinsville Formations.  Includes only those rocks that are proven to be alkalic.  As such, 
percentage of outcrop defined as alkali basalt, versus basalt, is probably underestimated.  
Composition ranges from picritic basalt to alkali basalt to trachybasalt, and includes some 
latitic basalt (geochemistry data available at http://pubs.usgs.gov/sim/2996).


	 		 Along northern extension of Grindstone Canyon fault, north of map area, nearly 
all analyzed flows are alkalic (fig. 2A), average to very potassic (fig. 2C), and average to 
very Fe rich (fig. 2D).


	 		 In Juniper Mountains in northwestern part of map area, alkalic flows (fig. 3A) 
are average in their K/Na ratio (fig. 3C) and range from very Mg rich to Fe rich (fig. 
3D).


	 		 Near Paulden, alkalic rocks are represented by only one analysis of the lower 
flow downstream from Sullivan Lake dam and one analysis of the flow near Drake (fig. 
4A); other analyses of these flows are not alkalic.


	 		 Alkalic flows in Verde Formation near mouth of Sycamore Creek range in com-
position from basanite to latitic basalt (fig. 5A), are average to very potassic (fig. 5C), 
and are average to very Mg rich (fig. 5D).  Some flows in Munds Park and Schnebly 
Hill area, just east of map area, are alkalic, but more are not alkalic (fig. 5C).


	 		 Includes flows in Perkinsville Formation, which crops out between Paulden and 
Verde River valley.  Age of flow in Verde Formation near mouth of Sycamore Canyon is 
4.6 Ma.  Age of flows in Verde Formation near Interstate 17 about 5.7–6.4 Ma (Don-
chin, 1983).  Age of flows in Paulden area about 4.6–6.3 Ma


Tby	 Basalt—Basalt flows and minor cinder cones.  Includes all compositions of basalt not 
proven to be alkalic.  Includes flows in Verde and Perkinsville Formations.  As such, 
percentage of outcrop defined as basalt, versus alkali basalt, is probably overestimated.  
Composition is predominantly basalt, but includes minor andesite.


	 		 In Juniper Mountains in northwestern part of map area, flows range in composi-
tion from basalt to andesitic basalt (fig. 3A), are sodic to average in K/Na ratio (fig. 3C), 
and are very Mg rich (fig. 3D).


	 		 Near Paulden all flows are basalt that is average to potassic (fig. 4C) and Mg 
rich to average (fig. 4D).


	 		 Flows and dikes in Verde Formation, along and north of Interstate 17, appear to 
define two populations:  basalt that is average to potassic (fig. 5C) and very Mg rich to 
Fe rich (fig. 5D); and andesite that is very sodic to sodic (fig. 5C) and very Mg rich to 
average (fig. 5D).
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Figure 2.  Major-element classification diagrams for 4- to 6-Ma volcanic rocks (units Taby and Tby) north of Perkinsville.  Data from L.W. 
Nealey in Baedecker and others (1998).  Localities are all north of map area.  Geochemistry data available at http://pubs.usgs.gov/
sim/2996).
	 A, R1R2 major-element classification diagram (De la Roche and others, 1980).  Picritic, ultramafic composition; Ban, basinite; 
Alk Bas, alkali basalt; Bas, basalt; Th, tholeiite; Tr Bas, trachybasalt; Lat Bas, lati-basalt; And-Bas, andesitic basalt; Tr And, trachyandes-
ite; Lat, latite; Lat And, lati-andesite; And, andesite; Q Tr, quartz trachyte; QL, quartz latite; Dac, dacite; Rhy, rhyolite; R Dac, rhyodacite.  
Fields of alkalinity from Fridrich and others (1998).
	 B, Alumina saturation diagram (SiO2 versus A/CNK).  A, molar Al2O3; C, molar CaO; N, molar Na2O; K, molar K2O.  Field of unal-
tered igneous rocks from DeWitt and others (2002).
	 C, Alkali classification diagram (K2O/(K2O + Na2O) versus SiO2).  Field boundaries from Fridrich and others (1998).
	 D, Iron enrichment classification diagram (FeO + 0.89*Fe2O3)/(FeO + 0.89*Fe2O3 + MgO) versus SiO2.  Field boundaries from 
DeWitt and others (2002).
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Figure 3.  Major-element classification diagrams for 4- to 6-Ma volcanic rocks (units Taby, Tby, and Tay) in northwest corner of map 
area.  Data from Arney and others (1985).  Rock abbreviations and field boundaries defined in figure 2.  Red arrow indicates point lies 
outside of plot, in direction indicated.


Description of Map Units  5







60


50


40
0.4 0.5 0.6 0.7 0.8 0.9


Si
O


2  
(w


t.
 p


er
ce


nt
)


(FeO + 0.89Fe2O3)/(FeO + 0.89Fe2O3+ MgO)


D


0 0.1 0.2 0.3 0.4
40


50


K2O/K2O + Na2O


Si
O


2  
(w


t.
 p


er
ce


nt
)


C


0.4


0.5


0.6


0.7


0.8


0.9


1.0


40 50 60


A
/C


N
K


Field of unaltered
igneous rocks B


SiO2  (wt. percent)


2500200015001000


500


1000


1500


2000


2500


Calcic


Calc-Alkalic


Alkali-CalcicAlkalic


R1  = 4000Si - 11,000(Na + K) - 2000(Fe + Ti)


R
2  


= 
60


00
C


a 
+ 


20
00


M
g 


+ 
10


00
A


l


A


Flows near Paulden


     Top flow
     Lower flow
     Cinder pit
     Drake flow
     Hell Point flow
     Black Mesa flow
     Del Rio drillhole flow
     Magnetite-rich flow


EXPLANATION


Figure 4.  Major-element classification diagrams for 4- to 6-Ma volcanic rocks (units Taby and Tby) near Paulden.  Data from this study, 
McKee and Anderson (1971), and Wittke and others (1989).  Rock abbreviations and field boundaries defined in figure 2.
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Figure 5.  Major-element classification diagrams for 4- to 6-Ma volcanic rocks (units Taby and Tby) in Verde River valley and east of 
Sedona.  Data from McKee and Anderson (1971), and L.D. Nealey, B. Houser, M. Chaffee, and G.E. Ulrich in Baedecker and others (1998).  
Rock abbreviations and field boundaries defined in figure 2.
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	 		 Many of the flows in Munds Park and on Schnebly Hill, east of map area, are 
normal basalt (fig. 5).


	 		 Distinguished from older flows by clast composition of interbedded conglomer-
atic rocks.  Includes flows in Perkinsville Formation, which crops out between Paulden 
and Verde River valley.  Age of flows in eastern Juniper Mountains about 5.5–6.2 Ma


Tcy	 Cinders and cinder cones—Cinders in beds and erosional remnants of cones.  Mapped 
only north and northeast of Paulden.  Composition presumed to be basalt.  Cone north 
of Paulden could be source of flows near Sullivan Lake


Tay	 Andesite—Andesite flow in eastern Juniper Mountains and far western Big Chino Valley 
that has distinctive curving columnar joints.  Chemically is calc-alkalic (fig. 3A), meta-
luminous (fig. 3B), average in K/Na ratio (fig. 3C), and very Mg rich (fig. 3D)


Tdy	 Dacite—Dacite and rhyodacite domes and flows.  In far southern Verde River valley 
includes flow dome at base of Verde Formation (Wolfe, 1983) that is a rhyodacite that is 
alkali-calcic (fig. 5A), mildly peraluminous (fig. 5B), very sodic (fig. 5C), and very Mg 
rich (fig. 5D).  Age about 7.4 Ma (McKee and Elston, 1980)


Tbsy	 Basalt and sedimentary rocks—Younger basalt flows and interbedded conglomerate and 
mixed sedimentary rocks.  Flows predominate over sedimentary rocks.  Basalt-cobble 
conglomerate is most abundant sedimentary rock.  Includes parts of Perkinsville Forma-
tion, which crops out between Paulden and Verde River valley


Tsvy	 Sedimentary and volcanic rocks—Mixed sedimentary rocks and interbedded volcanic 
flows of mafic to intermediate composition.  Sedimentary rocks predominate over flows.  
Sedimentary rocks include basalt-cobble conglomerate and mixed tuffaceous rocks


Tsy	 Sedimentary rocks—Mixed sedimentary rocks.  Includes siltstone, sandstone, and minor 
conglomerate west of Williamson Valley Wash and in far southwestern Big Chino Val-
ley.  Derived from Santa Maria Mountains, to the southwest.  In far southern exposures 
contains thin basalt flows.  Thickens greatly into Williamson Valley Wash near Tucker 
where drilling and gravity data suggest thickness as much as 800 m (Langenheim and 
others, 2002)


Tgy	 Gravel—Coarse gravel and conglomerate east of Santa Maria Mountains; thickness 5–50 
m.  Isolated deposits in far southeast corner of map; thickness 2–20 m


	 Older volcanic and sedimentary rocks (Miocene)—Alkali basalt, basalt, andesitic basalt, 
and lati-andesite flows; dacite to rhyodacite flows and domes; and interbedded tuffa-
ceous sedimentary rocks.  Sedimentary rocks derived, primarily, from the south and 
southwest.  Includes Thirteenmile volcanic rocks in southeastern part of map area and 
rocks younger than Hickey Formation (10–15 Ma) and older than younger basalt (4–7 
Ma) throughout map area.  Flows predominate over sedimentary rocks.  Individual 
flows 10–25 m thick.  Aggregate thickness of flows as much as 100 m.  Age about 7–10 
Ma (McKee and Elston, 1980)


Tabo	 Alkali basalt—Alkali basalt flows near base and top of Thirteenmile volcanic rocks in 
Hackberry Mountain area, and in Mount Hope area, west of map area.  Includes only 
those rocks that are proven to be alkali basalt.  As such, percentage of outcrop defined 
as alkali basalt, versus basalt, is probably underestimated.


	 	 	 Alkali basalt and picritic rocks near base of Thirteenmile volcanics (fig. 6A) are 
potassic to very potassic (fig. 6C) and range from very Mg rich to very Fe rich (fig. 6D).


	 	 	 Trachybasalt in Mt. Hope area (fig. 7A) is average to very potassic (fig. 7C) and 
average to Fe rich (fig. 7D).


	 	 	 One sill in Martin Formation, along Chasm Creek, west of Verde River, is an 
alkali basalt (fig. 6A) that is moderately peraluminous (fig. 6B), very sodic to average 
(fig. 6C), and average in its Fe/Mg ratio (fig. 6D).


	 	 	 An undated, distinctive, magnetite-rich flow east of Paulden is alkalic (fig. 
8A), very potassic (fig. 8C), and average in Fe/Mg ratio (fig. 8D).  Flow is presumed 
to belong to the older volcanic rocks because of its intermediate topographic elevation 
between flows of Hickey Formation and flows of younger volcanic rocks, but could be 
of Hickey age
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Hackberry Mountain area


Tuff of Towel Creek, units 1-7
Tuff of Towel Creek Tuff at Hackberry Mtn
Tuff at Chalk Mtn


Thirteenmile basalt, units 10-15
Andesite of Cimarron Hills, units 1-3
Breccia
Dacite of Hackberry Mountain
Rhyolite
Thirteenmile basalt, youngest


Dacite of Sally May, intrusive


Verde Rim area


Interstate 17 andesite
Arnold Mesa basal flows
Arnold Mesa middle flows
Chasm Creek sill


Figure 6.  Major-element classification diagrams for 8- to 10-Ma volcanic rocks (units Tabo, Tbo, Tao, Tdo, Trdo, and Tto) at Hackberry 
Mountain and along Interstate 17, west of Verde River valley.  Data from this study, Scott (1974), and Lewis (1983).  Rock abbreviations 
and field boundaries defined in figure 2.
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Figure 7.  Major-element classification diagrams for 8- to 10-Ma volcanic rocks (unit Tbo and other more felsic rocks) at Mt. Hope, west 
of map area.  Data from Nealey and others (1986), Simmons (1986), Simmons and Ward (1992), and L.D. Nealey in Baedecker and others 
(1998).  Rock abbreviations and field boundaries defined in figure 2.
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Figure 8.  Major-element classification diagrams for 8- to 10-Ma volcanic rocks (units Tabo and Tbo) and Tgbd west and northwest of 
Prescott, and from near Paulden.  Data from this study and L.D. Nealey in Baedecker and others (1998).  Rock abbreviations and field 
boundaries defined in figure 2.







Tbo	 Basalt—Basalt flows, cinder cones, and minor dikes.  Includes all compositions of basalt 
not proven to be alkali basalt.  As such, percentage of outcrop defined as basalt, versus 
alkali basalt, is probably overestimated.


	 	 	 Basalt in lower part of Thirteenmile volcanic rocks (fig. 6A) has an average 
K/Na ratio (fig. 6C) and is very Mg rich to Mg rich (fig. 6D).


	 	 	 Undated flows west of Kirkland and west of Martin Mountain range in composi-
tion from basalt to andesitic basalt (fig. 8A), are sodic to average in K/Na ratio (fig. 8C), 
and are very Mg rich to very Fe rich (fig. 8D).


	 	 	 Basal part of Thirteenmile volcanic rocks may include some basalt that is 
equivalent to that in Hickey Formation


Tco	 Cinders and cinder cones—Cinders in beds and erosional remnants of cones.  Presumed 
to be basaltic in composition.  Exposed predominantly in Hackberry Mountain area


Tao	 Andesite—Minor, but distinctive, andesite in southern Black Hills, on either side of 
Interstate 17, includes distinctive gray, platy-weathering flow that is presumed to be 
time-correlative of youngest tuff erupted from Hackberry volcanic center (Lewis, 1983).  
Chemically, rock is a lati-andesite to andesite (fig. 6A) that is very sodic (fig. 6C) and 
has an average Fe/Mg ratio (fig. 6D).  Andesite of similar composition is found in Mor-
mon Mountain volcanic field, east of map area (Wier and others, 1989).


	 	 	 Other rocks referred to as andesite in Mt. Hope area range in composition from 
basalt to andesite, and are mostly andesitic basalt (fig. 7A) that is average to potassic 
(fig. 7C) and very Mg rich to Mg rich (fig. 7D)


Tdo	 Dacite—Dacite flows and domes.  In southern Verde River valley includes dacite at Hack-
berry Mountain within Thirteenmile volcanic rocks near Hackberry Mountain (Lewis, 
1983; Scott, 1974).  Much dacite is actually rhyodacite (fig. 6A) that is moderately per-
aluminous (fig. 6B), very sodic to sodic (fig. 6C), and very Mg rich (fig. 6D).  A thick 
section of dacite tuff at Granite Peak in far southeastern part of map area is undated, but 
assumed to be correlative with Hackberry Mountain dacite


Trdo	 Rhyodacite—Dacite flows and domes.  In southern Verde River valley includes dacite at 
Sally May within Thirteenmile volcanic rocks near Hackberry Mountain (Lewis, 1983; 
Scott, 1974).  Rhyodacite is moderately peraluminous (fig. 6B), sodic (fig. 6C), and Mg 
rich to Fe rich (fig. 6D)


Tto	 Tuff—Rhyodacite to andesitic tuff and interbedded ash beds.  In southern Verde River 
valley includes tuff at Towel Creek within Thirteenmile volcanic rocks near Hackberry 
Mountain (Lewis, 1983) north of Dugas.  In Hackberry Mountain area, oldest units are 
most felsic; youngest units are most mafic.  Eruption of tuff probably signals emptying 
of magma chamber, with most mafic components of tuff equivalent in composition to 
andesite flows (unit Tao).  Ranges in composition from rhyodacite to andesite (fig. 6A) 
and is metaluminous to moderately peraluminous (fig. 6B), sodic to average in K/Na 
ratio (fig. 6C), and very Mg rich to Mg rich (fig. 6D).  Other beds of tuff in older volca-
nics are presumed to be related to these ash beds.  Tuff exposed south of Skull Valley is 
more rhyolitic in composition and could be, in part, older, and related to 15-Ma 	
volcanism


Tmo	 Volcanic rocks—Mixed volcanic flows of mafic to intermediate composition.  Exposed 
east of Strickland Wash, in western part of map area, and south of Johnson Flat, in far 
southern part of map area


Tbso	 Basalt flows and interbedded sedimentary rocks—Basalt flows and interbedded basalt-
cobble conglomerate near Juniper Mountains


Tso	 Sedimentary rocks—Multi-clast conglomerate containing Paleozoic and Early Protero-
zoic cobbles and boulders.  Derived predominantly from the southwest.  Thick sequence 
of clastic rocks exposed south of Cedar Mesa and west of Sycamore Mesa, in far south-
western part of map area, fills paleo-channel along Sycamore Creek.  Imbricate clasts in 
this area suggest southwest transport.  Channel at least 8 km wide at southwest edge of 
map.  Channel deposits thicken to the southwest


	 Volcanic and sedimentary rocks of undetermined age (Miocene? and Oligocene?)—
Basalt, andesite, dacite, and interbedded sedimentary rocks.  Chemistry undetermined.  
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Probably equivalent to older volcanic and sedimentary rocks or, in part, to rocks of
Hickey Formation


Tbu Basalt (Miocene?)—Basalt and andesite flows. Exposed north of Limestone Peak in
western Big Chino Valley, southeast of Little Purcell Canyon in far northwestern part of
map area, and at Malpais Hill at far south edge of map, where rocks may be of Hickey
age


Tgbd Gabbro-diorite (Miocene?)—Fine-grained, equigranular, irregularly shaped intrusive
body that cuts dacitic shield volcano at Martin Mountain. Chemically is alkali-calcic
(fig. 8A), metaluminous, and Mg rich, and has average K/Na ratio. Composition similar
to that of basalt flows (unit Tbo) north and west of Martin Mountain


Tbd Basalt dikes (Pliocene and Miocene)—Predominantly northwest striking, high-angle
dikes that are feeders to younger basalts (4–6 Ma), older basalts (7–10 Ma), and basalts
in Hickey Formation (10–15 Ma). Exposed throughout map area. Individual dikes
1–20 m thick and 50–800 m long


Tmu Volcanic rocks (Miocene? and Oligocene?)—Mixed basalt, andesite, and possible lati-
andesite flows. Exposed along Dillon Wash in southwestern Sullivan Buttes where dark
andesite(?) flows may be present, southwest of Goat Peak in Santa Maria Mountains,
and northwest of Skull Valley where dacite from Martin Mountain may be interbedded
with rocks previously described


Tsb Sedimentary rocks and basalt (Miocene?)—Interbedded basalt-cobble conglomer-
ate, clastic sedimentary rocks, and basalt flows at Turret Peak and Rugged Mesa in far
southeast corner of map


Tsv Sedimentary and volcanic rocks (Miocene?)—Mixed sequence of andesite to basalt
flows and clastic sedimentary rocks. Exposed in western part of map area, east of Eagle
Peak and east of Tailholt Mesa. Thickness at least 100 m. Sedimentary rocks probably
thicken toward northeast, into basin underlying southern Williamson Valley (Langen-
heim and others, 2002)


Tsu Sedimentary rocks (Miocene? and Oligocene?)—Conglomerate and sandstone contain-
ing Paleozoic and Precambrian cobbles derived from the southwest. Exposed north of
Big Chino Wash, in far northwestern part of map area. Thickness at least 20 m


Hickey Formation (Miocene)—Basalt flows and minor, interbedded sedimentary rocks.
Interbedded sedimentary rocks derived from Basin and Range province, to the south-
west. Flows predominate over sedimentary rocks. Thickness of individual flows 10–25
m. Thickness of aggregate flows as much as 120 m. Age about 10–15 Ma (McKee and
Anderson, 1971; Wittke and others, 1989)


Thab Alkali basalt—Alkali basalt flows, cinder cones, and minor dikes. Includes only those
rocks that are proven to be alkali basalt. As such, percentage of outcrop defined as
alkali basalt, versus basalt, is probably underestimated.


  In Prescott area, trachyandesite at Thumb Butte (fig. 9A) is alkalic and potassic
to very potassic (fig. 9C) and has an average Fe/Mg ratio (fig. 9D). Near Mayer, most
flows are alkalic, potassic to very potassic (fig. 9C), and very Mg rich to average in Fe/
Mg ratio (fig. 9D). Flows north of Prescott are predominantly alkalic (fig. 9A), potassic
to very potassic (fig. 9C), and very Mg rich (fig. 9D).


  Along crest of Black Hills, from north of Woodchute Mountain to Cherry, alkali
basalt underlies calc-alkalic to alkali-calcic basalt (Wittke and others, 1989). These
rocks range in composition from basinite to alkali basalt (fig. 10A) and are average to
very potassic (fig. 10C) and very Mg rich to average (fig. 10D). Map compilation did
not allow differentiating the alkalic rocks from the overlying basalts; therefore all the
outcrop of Hickey Formation from Woodchute Mountain to Cherry is shown as basalt
(unit Thb).


  Flows north of Woodchute Mountain, from near First View on the east to St.
Matthews Mountain on the west, range in composition from trachybasalt to basinite to
alkali basalt (fig. 10A) and are potassic to very potassic (fig. 10C) and very Mg rich to
average (fig. 10D).


  Flows and plugs at Casner Butte, just east of map area, are strongly silica-under-
saturated and range in composition from phono-tephrite to ankaritrite to alkali basalt
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Figure 9.  Major-element classification diagrams for 10- to 15-Ma volcanic rocks of Hickey Formation (units Thb, Thab, and Tha) near 
Prescott.  Data from this study, McKee and Anderson (1971), Duncan and Spencer (1993), and Nichols Boyd (2001).  Rock abbreviations 
and field boundaries defined in figure 2.  Blue triangles on A are correctly plotted to left of outline.
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Figure 10.  Major-element classification diagrams for 10- to 15-Ma volcanic rocks of Hickey Formation (units Thab, Thb, and Tha) in 
the Black Hills and northeast of Cordes Junction.  Data from this study, McKee and Anderson (1971), Wittke and others (1989), and L.D. 
Nealey in Baedecker and others (1998).  Rock abbreviations and field boundaries defined in figure 2.


60


50


40
0.4 0.5 0.6 0.7 0.8 0.9


Si
O


2  
(w


t.
 p


er
ce


nt
)


(FeO + 0.89Fe2O3)/(FeO + 0.89Fe2O3+ MgO)


D


0 0.1 0.2 0.3 0.4
40


50


K2O/K2O + Na2O


Si
O


2  
(w


t.
 p


er
ce


nt
)


C


0.4


0.5


0.6


0.7


0.8


0.9


1.0


40 50 60


A
/C


N
K


Field of unaltered
igneous rocks B


SiO2  (wt. percent)


2500200015001000


500


1000


1500


2000


2500


Calcic


Calc-Alkalic


Alkali-CalcicAlkalic


R1  = 4000Si - 11,000(Na + K) - 2000(Fe + Ti)


R
2  


= 
60


00
C


a 
+ 


20
00


M
g 


+ 
10


00
A


l


A


Black Hills


Central Mingus Mountain
Along Verde fault
North of Woodchute Mountain
Estler volcanic field


EXPLANATION







to picritic basalt (fig. 11A) and are very potassic (fig. 11C) and very Mg rich to very Fe 
rich (fig. 11D).  Flows at top of Lee and Munds Mountains, east of Sedona, although 
not dated, have the chemistry of other basal flows in the Hickey Formation by being 
strongly silica-undersaturated basanite and alkali basalt (fig. 11A) that are very potassic 
(fig. 11C) and Mg rich (fig. 11D).


	 	 	 Distinguished from younger flows (units Taby and Tby) by percentage and 
provenance of interflow sedimentary rocks.  Some silica-undersaturated alkali basalt in 
the Hickey is difficult to distinguish from flows in upper part of Thirteenmile volcanic 
rocks


Thb	 Basalt—Basalt flows, cinder cones, and minor dikes.  Includes all compositions of basalt 
not proven to be alkali basalt.  As such, percentage of outcrop defined as basalt, versus 
alkali basalt, is probably overestimated.  Ranges in composition from andesitic basalt to 
basalt.


	 	 	 Southeast of Prescott, and east of Glassford Hill, flows are basalt to andesitic 
basalt (fig. 9A) that are sodic to potassic (fig. 9C) and very Mg rich to Mg rich (fig. 9D).


	 	 	 At Big Bug Mesa and Little Mesa, flows are basalt to latitic basalt (fig. 9A) that 
are average in K/Na ratio (fig. 9C) and Mg rich to average (fig. 9D).


	 	 	 Capping flows at crest of Black Hills, from Woodchute Mountain to Cherry, are 
andesitic basalt (fig. 10A) that is very sodic (fig. 10C) and very Mg rich to average (fig. 
10D).


	 	 	 The Estler volcanic field, near Estler Peak, northeast of Cordes Junction, con-
tains basalt and minor andesitic basalt (fig. 10A) that is sodic to average (fig. 10C) and 
mostly average to Fe rich (fig. 10D).


	 	 	 Only one analysis is available for flows on flank of House Mountain, in Verde 
River valley.  The one andesitic basalt is similar to those on crest of Black Hills (fig. 
11A) and is average in K/Na ratio (fig. 11C) and Fe rich (fig. 11D).


	 	 	 All except one flow in Hickey Formation southwest of Hackberry Mountain are 
basalt to andesitic basalt (fig. 12A) that are average to very potassic (fig. 12C) and very 
Mg rich to very Fe rich (fig. 12D).


	 	 	 Distinguished with difficulty from basalt in older volcanics (unit Tbo) and from 
basalt in younger volcanics (unit Tby).  Interflow sediments typically contain basement 
clasts derived from the southwest and lack basalt clasts


Thc	 Cinder cones and basalt dikes—Includes constructional edifices at Glassford Hill, 
northeast of Prescott; smaller cones in Estler volcanic field, southeast of Interstate 17; 
and core of House Mountain volcano.  At House Mountain, silica-undersaturated rocks 
are included with cinders and dikes and have a great range in composition, from phono-
tephrite, tephrite, trachybasalt, alkali basalt, ankaritrite, picritic basalt, to minor trachyte 
(fig. 13A).  Mafic rocks are mostly potassic to very potassic (fig. 13C), and range from 
very Mg rich to very Fe rich (fig. 13D)


Tha	 Trachyandesite—Flows at base of Hickey Formation, west of Prescott at Thumb Butte; 
west and south of town of Chino Valley; along Verde fault in Jerome area; and south of 
Mayer.


	 	 	 At Thumb Butte, trachyandesite (fig. 9A) is potassic to very potassic (fig. 9C) 
and average in Fe/Mg ratio (fig. 9D).  At Prescott, one flow is a latitic basalt (fig. 9A) 
that is very potassic (fig. 9C) and very Mg rich (fig. 9D).  Flows west and southeast of 
town of Chino Valley are trachybasalt (fig. 9A) that is average in its K/Na ratio (fig. 9C) 
and Mg rich (fig. 9D).


	 	 	 Along Verde fault, basal flows range in composition from trachybasalt and lati-
basalt to basinite and alkali basalt (fig. 10A).  These rocks have K/Na and Fe/Mg ratios 
similar to those of basal alkali basalts on top of Black Hills.


	 	 	 South of Mayer, an eroded cone is trachyandesite (fig. 9A) that is sodic (fig. 9C) 
and average in Fe/Mg ratio (fig. 9D).  A K-Ar date on hornblende of about 19 Ma has 
been cited as evidence that the cone may be related to the Sullivan Buttes volcanic field.  
Trachyandesite composition suggests that cone may be age of basalt of Hickey Forma-
tion in area.


	 	 	 Age at Thumb Butte about 15 Ma (Nichols Boyd, 2001)
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Figure 11.  Major-element classification diagrams for 10- to 15-Ma volcanic rocks of Hickey Formation (units Thb, Thab, and Tha) east 
and southeast of Sedona.  Data from G.E. Ulrich in Baedecker and others (1998).  Rock abbreviations and field boundaries defined in 
figure 2.  Points in A that are left of the outline are correctly plotted.
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Figure 12.  Major-element classification diagrams for 10- to 15-Ma volcanic rocks of Hickey Formation (units Thb and Thab) in Hackberry 
Mountain and Arnold Mesa areas.  Data from Lewis (1983) and Wolfe (1983).  Rock abbreviations and field boundaries defined in figure 2.
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Figure 13.  Major-element classification diagrams for 10- to 15-Ma volcanic rocks of Hickey Formation (units Thb, Thab, and Thc) near 
House Mountain.  Data from Wittke and Holm (1986), L.D. Nealey in Baedecker and others (1998), and Holm and others (1998).  Rock 
abbreviations and field boundaries defined in figure 2.  Red arrow indicates point lies outside of plot, in direction indicated.  Points in A 
that are left of the outline are correctly plotted.
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Tht	 Tuff—Rhyolite tuff and interbedded ash beds.  Mapped only near Chasm Creek, south-
west of Verde River.  Thickness 1–10 m


Thbs	 Basalt and sedimentary rocks—Interbedded basalt and alkali basalt flows and sedimen-
tary rocks.  Flows predominate over sedimentary rocks


Thsb	 Sedimentary rocks and basalt—Interbedded sedimentary rocks and basalt and alkali 
basalt flows.  Sedimentary rocks predominate over flows


Ths	 Sedimentary rocks—Cobble conglomerate at base of Hickey Formation.  Minor interbed-
ded sedimentary units noted higher in formation, between basalt flows.  Local fresh-
water limestone and travertine north of Mayer and southeast of Cordes are included 
within unit Ths.  Clasts predominantly Paleozoic limestone and sandstone, and Early 
Proterozoic crystalline rocks derived from the southwest.  Thickness highly variable, 
from 10 to 40 m, as most deposits define channels cut into Paleozoic or Early Protero-
zoic rocks.  Thickest section along Verde fault, east of Cherry, where approximately 100 
m of fluvial deposits define a northeast-flowing river system


Tbx	 Breccia (Miocene)—Angular rhyolitic breccia and hydrothermal(?) explosion breccia along 
faults and fractures, and in larger bodies.  Most abundant from southern part of Copper 
Basin to Little Copper Creek, along U.S. Highway 89A, southwest of Prescott (Light, 
1975)


Tr	 Rhyolite (Miocene)—Rhyolite dikes and minor flows in Copper Basin and south of Skull 
Valley.  Age about 15 Ma (Christman, 1978).  Brecciated dikes and breccia bodies 
along Copper Creek, east of Wilhoit (Hennessy, 1981).  Three small plugs south of Pine 
Mountain, in far southeast corner of map area, could be younger, about 7–10 Ma.  One 
remnant of dome west of Bear Mountain in far northwest corner of map area


	 Milk Creek Formation (Miocene)—Limestone, siltstone, dacite domes, and minor lati-
andesite and basalt flows.  Clastic sedimentary rocks derived from the southwest.  Age 
of dacite 15 Ma (McKee and Anderson, 1971).  Thickness of sedimentary rocks 300 m 
or more, as determined from exploratory drill holes east of Black Mountain.  Fossil age 
of upper part of sedimentary rocks is Clarendonian (Hook, 1956), or upper Miocene, 
about 5–11 Ma


Tmcd	 Dacite—Dacite domes and flows interbedded(?) within Milk Creek Formation in Walnut 
Grove area.  Largest dome at Black Mountain and smaller flows to the west are dacite 
(fig. 14A) that is metaluminous to moderately peraluminous (fig. 14B), sodic to aver-
age (fig. 14C), and very Mg rich (fig. 14D).  Age of dacite 15.0–15.2 Ma (McKee and 
Anderson, 1971)


Tmcl	 Lati-andesite—Flow near Blind Indian Creek that is a lati-andesite (fig. 14A), potassic 
(fig. 14C), and average in Fe/Mg (fig. 14D)


Tmc	 Sedimentary rocks—Fine-grained clastic rocks and minor limestone and claystone 
deposited in fluvial and lacustrine setting.  Rock types include fine-grained and slightly 
indurated sandstone, mudstone, and lesser diatomite, silty limestone, paleosols, and 
gravel.  Clasts include gneissic granite, granitic, and metavolcanic rocks.  Interlay-
ered with minor basaltic flows.  Strata dip gently east except adjacent to faults and in 
synclines.  Deposits fill several tilted half-grabens.  East-dipping Milk Creek Formation 
is juxtaposed, along its outcrop length, against Early Proterozoic granitic and metavol-
canic rocks to the east by a largely covered, normal fault.  In McAllister Range, faults 
related to this basin-bounding fault contain extensive gouge altered to epidote.  Locally, 
some faults in McAllister Range are intruded by dikes of unknown age


	 Lati-andesite of Sullivan Buttes and Santa Maria Mountains (Miocene? and Oligo-
cene)—Flows, domes, agglomerate bodies, and cinder cones of andesitic basalt, latite, 
lati-andesite, and dacite exposed at Sullivan Buttes, Santa Maria Mountains, Juniper 
Mountains, and possibly south of Wilhoit.  In places, contains abundant mafic to ultra-
mafic xenoliths representative of lower continental crust (Arculus and Smith, 1979; 
Smith and others, 1994).  An areally large gravity high extending south-southwest from 
town of Chino Valley may indicate a large body of mafic to ultramafic rocks of Early 
Proterozoic age in the upper crust (Langenheim and others, 2002, fig. 8).  Characteristic 
chemistry of all rocks is their K- and Mg-rich nature.  Intrusive centers are reversely 
magnetized, creating aeromagnetic lows over many bodies (Langenheim and others, 
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Figure 14.  Major-element classification diagrams for 10- to 15-Ma volcanic rocks in Milk Creek Formation (units Tmcd and Tmcl) near 
Wagoner and from a latite body south of Mayer.  Data from this study and McKee and Anderson (1971).  Rock abbreviations and field 
boundaries defined in figure 2.
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2002).  Age in Sullivan Buttes area about 21–27 Ma.  Age in Juniper Mountains about 
22–34 Ma.  Age undetermined in Santa Maria Mountains and elsewhere


Tlau	 Upper unit—Gently dipping flows of lati-andesite, andesite, and andesitic basalt (fig. 
15A).  Most abundant in Sullivan Buttes volcanic field near town of Chino Valley.  
Flows are very potassic (fig. 15B) and very Mg rich (fig. 15D).  Thickness of individual 
flows 5–15 m.  Age undetermined


Tlal	 Lower unit—Flows, domes, breccia, cinder cones, and intrusive centers of lati-andesite, 
andesite, and dacite composition, and lesser amounts of andesitic basalt and basalt (figs. 
15A, 16A).  Most abundant in Sullivan Buttes volcanic field near town of Chino Val-
ley.  All rocks are average to very potassic (figs. 15C, 16C) and Mg rich to very Mg rich 
(figs. 15D, 16D).  Thickness of domes and compound flows does not exceed 80 m


Tla	 Undivided lati-andesite—Eroded volcanic cone in northern Juniper Mountains and large 
dome edifice at Denny Mountain, in Santa Maria Mountains (Ash, 1997).  Cone in 
Juniper Mountains ranges in composition from latite to lati-andesite (fig. 17A) and is 
potassic to very potassic (fig. 17C) and Mg rich to very Mg rich (fig. 17D).  Flows and 
domes at Denny Mountain are largely lati-andesite (fig. 17A) that is very potassic (fig. 
17C) and very Mg rich (fig. 17D).  Age of cone in Juniper Mountains about 24–36 Ma


Ta	 Andesite—Flows and flow domes exposed at Bear Mountain, in northern Santa Maria 
Mountains, of andesite to lati-andesite (fig. 17A) that is very potassic (fig. 17C) and 
very Mg rich (fig. 17D).  Other flows presumed to be andesitic in composition are north 
of Walnut Creek, in far western part of Big Chino Valley


Td	 Dacite—Dacite flows near Hide Creek Mountain and north toward Indian Peak in Santa 
Maria Mountains, and a large volcanic edifice at Martin Mountain, southwest of Skull 
Valley.  Smaller bodies southwest of Wilhoit contain abundant mudflows, and may be of 
different age.  Flows on Hide Creek Mountain and near Indian Peak are dacite (fig. 17A) 
that is potassic to very potassic (fig. 17C) and very Mg rich (fig. 17D).  Body at Martin 
Mountain is dacite (fig. 17A) that is sodic (fig. 17C) and very Mg rich (fig. 17D)


Tos	 Sedimentary rocks (Miocene and Oligocene)—Fluvial conglomerate, sandstone, fresh-
water limestone, and local conglomerate rich in lati-andesite clasts.  Underlies lati-
andesite (units Tlau, Tlal, Tla, Ta, and Td) in Sullivan Buttes area and in northern 
Santa Maria Mountains, south of Walnut Creek and along Walnut Creek.  Contains 
clasts of Paleozoic and Early Proterozoic rocks.  Derived predominantly from the south-
west.  Width of compound channel in eastern Sullivan Buttes about 3.5 km.  Thickness 
variable, as much as 60 m


CENOZOIC AND MESOZOIC INTRUSIVE ROCKS


TKb	 Breccia pipes (Paleocene and Late Cretaceous)—Mineralized pipes of hydrothermal brec-
cia associated with Copper Basin stock (Johnston and Lowell, 1961; Christman, 1978).  
Contain clasts of Late Cretaceous igneous rocks of various compositions and textures.  
Pipes too small to be shown in western part of Crown King stock (Ball, 1983)


TKr	 Rhyolite dikes (Paleocene and Late Cretaceous)—Fine-grained, porphyritic rhyolite dikes 
containing quartz phenocrysts and few mafic minerals.  Exposed from Crown King 
stock to past southern boundary of map area.  Abundance of dikes south of Crown King, 
near Silver Mountain, may indicate felsic pluton at depth.  Limited data suggest calc-
alkalic rhyolite composition (fig. 18A).  Hydrothermal alteration of dikes causes them to 
be strongly peraluminous (fig. 18B), potassic (fig. 18C), and very Fe rich (fig. 18D)


TKgd	 Granodiorite and rhyodacite porphyry dikes (Paleocene and Late Cretaceous)—Fine-
grained porphyritic granodiorite and rhyodacite dikes containing feldspar and biotite 
phenocrysts.  One stock exposed at Pine Flat, west of Brady Butte (Spatz, 1974).  Dikes 
exposed from Crown King stock to Poland Junction and Walker stocks, and near Cop-
per Basin stock.  Unaltered dikes are alkali-calcic to calc-alkalic dacite (fig. 18A) that 
is metaluminous to mildly peraluminous (fig. 18B), very sodic to sodic (fig. 18C), and 
average in Fe/Mg ratio (fig. 18D).  Hydrothermally altered dikes are enriched in alkali 
elements and are alkali-calcic rhyolite to alkali rhyolite (fig. 18A) that is strongly per-
aluminous (fig. 18B), potassic to very potassic (fig. 18C), and very Fe rich (fig. 18D).  
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Figure 15.  Major-element classification diagrams for 21- to 27-Ma volcanic rocks in Sullivan Buttes volcanic field (units Tlal, Tlau, and 
Tla) near town of Chino Valley.  Data from Tyner (1984).  Bt, biotite; pyx, pyroxene.  Rock abbreviations and field boundaries defined in 
figure 2.  Black arrow indicates point lies outside of plot, in direction indicated.
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Figure 16.  Major-element classification diagrams for 21- to 27-Ma volcanic rocks in Sullivan Buttes volcanic field (units Tlal, Tlau, and 
Tla) near town of Chino Valley.  Data from Ward (1993) and Duncan and Spencer (1993).  Rock abbreviations and field boundaries defined 
in figure 2.  Red arrow indicates point lies outside of plot, in direction indicated.
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Figure 17.  Major-element classification diagrams for 24- to 36-Ma volcanic rocks (units Tlal, Tlau, Tla, Ta, and Td) in Santa Maria Moun-
tains, Juniper Mountains, and Martin Mountain.  Data from this study, Ash (1997), and L.D. Nealey in Baedecker and others (1998).  Rock 
abbreviations and field boundaries defined in figure 2.  Red arrow indicates point lies outside of plot, in direction indicated.
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Figure 18.  Major-element classification diagrams for Paleocene and Late Cretaceous plutonic rocks (units Kt, TKgd, and TKr) in Brad-
shaw Mountains.  Data from this study, Sturdevant (1975), Lindgren (1926), Anderson and Blacet (1972b), and Vrba (1980).
	 A, R1R2 major-element classification diagram (De la Roche and others, 1980).  Gb-Di, gabbro-diorite;  
Mz Gb, monzogabbro; Sy Gb, syenogabbro; Sy Di, syenodiorite; Mz, monzonite; Mz Di, monzodiorite; Di, diorite; Sye, syenite; Q Sy, quartz 
syenite; Q M, quartz monzonite; Ton, tonalite; Alk Gr, alkali granite; Gr, granite; Gd, granodiorite.  Fields of alkalinity from Fridrich and 
others (1998).
	 B, Alumina saturation diagram (SiO2 versus A/CNK).  A, molar Al2O3; C, molar CaO; N, molar Na2O; K, molar K2O.  Field of unal-
tered igneous rocks from DeWitt and others (2002).
	 C, Alkali classification diagram ((K2O/K2O + Na2O) versus SiO2).  Field boundaries from Fridrich and others (1998).  Red arrow 
indicates point lies outside of plot, in direction indicated.
	 D, Iron enrichment classification diagram (FeO + 0.89*Fe2O3)/(FeO + 0.89*Fe2O3 + MgO) versus SiO2.  Field boundaries from 
DeWitt and others (2002).
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Base- and precious-metal deposits localized along many altered dikes (Keith and others, 
1984)


Kt	 Tonalite (Late Cretaceous)—Stocks at Copper Basin, Walker, Poland Junction, and Crown 
King, and dikes throughout Bradshaw Mountains.  Smaller stock at Pine Flat, south of 
Big Bug Mesa.  Areally moderate-size gravity lows of about 6 mGal associated with 
Poland Junction and Walter stocks (Langenheim and others, 2002, fig. 8).  East-west 
zone of low magnetic intensity corresponds with outcrop of Poland Junction stock 
(U.S. Geological Survey, 1972).  Northeast-southwest zone of high magnetic intensity 
associated with Walker stock (U.S. Geological Survey, 1972).  Possible buried stock 
suggested by boulders of granodiorite in sedimentary rocks at base of Hickey Formation 
along Verde fault, east of Cherry.  Stock would extend to the south, toward Interstate 
17.  An areally moderate-size gravity low extending across Interstate 17 may support 
the interpretation of a buried stock (Langenheim and others, 2002, fig. 8), but also 
could be caused by an underlying, low-density Early Proterozoic stock.  Aeromagnetic 
data are equivocal (Langenheim and others, 2002, fig. 5b).  Texture and mineralogy of 
igneous rocks from one stock to another are very similar.  Groundmass of fine-grained 
quartz, feldspar, and biotite containing phenocrysts of biotite and hornblende.  Ranges 
in composition from calc-alkalic monzodiorite to calc-alkalic granodiorite (fig. 18A) 
and averages alkali-calcic to calc-alkalic tonalite.  Average tonalite is metaluminous to 
mildly peraluminous (fig. 18B), very sodic to sodic (fig. 18C), and Mg rich to average in 
Fe/Mg ratio (fig. 18D).


	 	 	 K-Ar biotite and hornblende dates of Copper Basin stock are 73 Ma (Christman, 
1978).  K-Ar hornblende date of Walker stock is 64 Ma.  K-Ar biotite date of Poland 
Junction stock is 70 Ma.  K-Ar biotite date of Crown King stock is 65 Ma.


	 	 	 Extensive hydrothermal alteration, veining, and mineralization associated with 
most stocks.  Base- and precious-metal vein deposits spatially associated with most 
stocks (Keith and others, 1984; Welty and others, 1985; Welty and others, 1989).  Brec-
cias localized along rhyolite dikes and margin of stock at Crown King (Ball, 1983; Ball 
and Closs, 1983).  Gold-rich breccia pipes localized in stock at Copper Basin (Johnston 
and Lowell, 1961).  Silver-rich veins localized along granodiorite porphyry dikes and 
in stock at Poland Junction (Sturdevant, 1975).  Zonation of base- and precious-metals 
common at Walker and Poland Junction stocks (O’Hara and others, 1991)


MESOZOIC SEDIMENTARY ROCKS


dm	 Moenkopi Formation (Middle? and Lower Triassic)—Red to purple mudstone, shale, and 
sandstone.  Present only in far north-central part of map area, along Mogollon Rim, near 
Sycamore Canyon.  Partially eroded thickness less than 50 m


PALEOZOIC SEDIMENTARY ROCKS


Pk	 Kaibab Limestone (Lower Permian)—Gray, sandy dolomitic limestone and dolomite, 
limestone, and minor chert.  Thickness about 150 m


Pt	 Toroweap Formation (Lower Permian)—Light-gray sandstone.  Thickness about 80 m
Pkt	 Kaibab Limestone and Toroweap Formation, undivided (Lower Permian)—Gray 


dolomite, limestone, and minor chert of the Kaibab and light-gray sandstone of the 
Toroweap.  Combined thickness about 230 m


Pc	 Coconino Sandstone (Lower Permian)—Light-gray to tan, fine-grained eolian, crossbed-
ded sandstone.  Thickness as much as 240 m near Sedona.  Thins to the west.  Thick-
ness north of Clarkdale about 160–210 m


Ptc	 Toroweap Formation and Coconino Sandstone (Lower Permian)—Sandstone.  Com-
bined thickness about 240–320 m


Psh	 Schnebly Hill Formation (Lower Permian)—Tan to light-gray, eolian, crossbedded sand-
stone and minor mudstone, limestone, and evaporitic beds (Blakey, 1980; Blakey and 
Knepp, 1989; Blakey, 1990).  Regionally, correlates with upper part of Supai Group.  
Thickness near Sycamore Canyon about 195 m.  Thickness at Sedona about 225 m.  
Thickness at West Clear Creek about 275 m.  Thins to the west
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Ph	 Hermit Formation (Lower Permian)—Reddish-brown sandstone, mudstone, and pebble 
conglomerate.  Uncertainty about regional correlation suggests that this unit might be 
equivalent to Supai PS2 of McKee (1975).  Thickness in Sedona area and near Syca-
more Canyon about 90 m.  Thins to the northwest


Pshh	 Schnebly Hill and Hermit Formations, undivided (Lower Permian)—Sandstone, silt-
stone, and minor conglomerate.  Thickness about 290–350 m


hs	 Supai Formation (Lower Permian to Upper Mississippian (or Upper Pennsylvanian of 
Blakey))—Red siltstone, sandstone, silty dolomite, and minor conglomerate.  Referred 
to as Esplanade Sandstone (Lower Permian) in Sedona area (Blakey and Knepp, 1989; 
Blakey and Middleton, 1998).  Probably equivalent to Supai PS1 of McKee (1975; 
McKee, 1982).  Thickness near Sedona about 55 m.  Thickens to the northwest.  Thick-
ness near Sycamore Canyon about 190 m


Phss	 Schnebly Hill, Hermit, and Supai Formations, undivided (Lower Permian and Upper 
Pennsylvanian)—Sandstone, siltstone, and minor dolomite and conglomerate.  Thick-
ness about 330 m in map area


Mr	 Redwall Limestone (Mississippian)—Gray limestone and minor chert.  Extensive karst 
development and collapse features in upper and lower parts.  Thickness about 75–85 m


Dm	 Martin Formation (Upper and Middle? Devonian)—Dark-gray dolomite, minor lime-
stone, and sandy siltstone. Thickness about 105–145 m


MDrm	 Redwall Limestone and Martin Formation, undivided (Mississippian through Middle? 
Devonian)—Limestone and dolomite.  Combined thickness about 180–230 m


Demt	 Martin Formation and Tapeats Sandstone, undivided (Upper Devonian through Lower 
Cambrian)—Dolomite and sandstone.  Thickness 120–230 m


eb	 Bright Angel Shale (Middle Cambrian)—Gray shale and minor dolomite.  Includes some 
Muav Limestone.  Thickness about 7–40 m in map area.  Thickens to the west


et	 Tapeats Sandstone (Middle and Lower Cambrian)—Reddish-brown sandstone and con-
glomerate.  Map unit includes Chino Valley Formation (Devonian? or age unknown) at 
top of unit.  Thickness about 15–85 m.  Thickens to the west


ebt	 Bright Angel Shale and Tapeats Sandstone, undivided (Middle and Lower Cam-
brian)—Shale and sandstone.  Combined thickness 25–130 m


MIDDLE PROTEROZOIC INTRUSIVE ROCKS


Ygb	 Gabbro—Dikes and sills of gabbro to syenogabbro.  Conspicuous diabasic texture.  Some 
sills very irregularly shaped.  Chemically is alkali-calcic to alkalic, metaluminous, very 
Fe rich, and potassic to very K rich.  Age not determined in area, but is chemically simi-
lar to informally named 1.1-Ga Apache diabase in central Arizona (Smith and Silver, 
1975; Wrucke, 1989), in northwestern Arizona (Shastri and others, 1991), and in the 
Grand Canyon (Timmons and others, 2001).  Individual dikes and sills as much as 20 m 
thick.  Discontinuously exposed dikes northeast and northwest of Crown King as much 
as 6 km long.  Low-angle dikes near Iron Springs are more numerous than indicated at 
scale of map.


	 	 	 Swarms of east-striking, high-angle dikes cut all Early Proterozoic metavol-
canic rocks in the Black Hills and the massive sulfide ore body and gabbro at Jerome 
(Anderson and Creasey, 1958, fig. 12; P.A. Lindberg, unpub. mapping, 1991).  Dikes are 
too small to show at scale of map.  Dikes do not extend into overlying Paleozoic strata.  
Limited chemical data suggest that the least altered dike in United Verde mine is a calc-
alkalic gabbro that is Al rich, very potassic, and very Fe rich.  Titanium and phosphorus 
analyses are not available, which would aid in classification of mafic dikes.  Some mafic 
plutonic rock that cuts metarhyolite west of Copper Chief mine may be, in part, diabase 
of Middle Proterozoic age


Yg	 Granite of Granite Basin—Coarse-grained, strongly porphyritic biotite granite containing 
phenocrysts of microcline.  Informally named herein for exposures in Granite Basin, 
west of Skull Valley.  Chemically is alkali-calcic (fig. 19A), mildly peraluminous (fig. 
19B), and average in both K/Na and Fe/Mg (figs. 19C, D).  Similar in mineralogy, 
chemistry, and texture to granodiorite of Yava (unit Yy).  Presumed to be Middle 	
Proterozoic
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Figure 19.  Major-element classification diagrams for 1,400-Ma plutonic rocks (units Ywc, Yy, Yg, and Ykp) between Skull Valley and 
Juniper Mountains.  Data from this study and C.M. Conway in Baedecker and others (1998).  Rock abbreviations and field boundaries 
defined in figure 18.
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Ywc	 Granite of Walnut Creek—Undeformed, medium-grained biotite-muscovite granite in 
far western part of map area, from North Fork of Walnut Creek on the north to south 
of Camp Wood on the south.  Southwest of map area, near Black Pearl tungsten mine, 
also consists of granodiorite.  Informally named herein for exposures along Walnut 
Creek, north of Camp Wood.  Body ranges in composition from granodiorite (exposed 
only near Black Pearl mine) to alkali granite (fig. 19A), which is representative of most 
of body in map area.  Granite to alkali granite in map area is alkali-calcic (fig. 19A), 
strongly peraluminous (fig. 19B), average to very potassic (fig. 19C), and average to Mg 
rich (fig. 19D).  Age undetermined, but chemically similar to known 1,400-Ma plutons 
in central Arizona (Bryant and others, 2001)


Ywcb	 Breccia in granite of Walnut Creek—Angular fragments of cobble-size and smaller 
granodiorite and granite in matrix of tonalite and more mafic material.  Only one known 
outcrop, south of Cottonwood Mountain.  Chemically, matrix material is alkali-calcic 
tonalite that is metaluminous and Fe rich


Ykp	 Granite of Kirkland Peak—Undeformed, medium- to fine-grained, strongly jointed, equi-
granular muscovite-bearing alkali granite.  Informally named herein for exposures on 
Kirkland Peak, southwest of Skull Valley.  Cuts granodiorite of Yava (unit Yy).  Incor-
rectly referred to as Lawler Peak Granite (DeWitt, 1987, unit Yl, fig. 32) and as Skull 
Valley Monzogranite (Anderson, 1989b).  Chemically is alkali-calcic (fig. 19A), mildly 
peraluminous (fig. 19B), very sodic (fig. 19C), and very Fe rich (fig. 19D).  Presumed to 
be Middle Proterozoic


Yd	 Dells Granite—Fine- to medium-grained, highly jointed alkali granite (Krieger, 1965).  
Exposed only north of Prescott.  Body is mildly to strongly peraluminous (fig. 20B), 
average to very sodic (fig. 20C), and Fe rich to very Fe rich (fig. 20D).  An areally 
extensive gravity low extends from southwest of Prescott to north of exposures of Dells 
Granite (Langenheim and others, 2002).  Modeling of gravity low suggests that a deeply 
rooted body of either Prescott Granodiorite or Dells Granite could be responsible for 
much of gravity low (Cunion, 1985).  U-Pb zircon age 1,395 Ma (Silver and others, 
1984)


Yy	 Granodiorite of Yava—Undeformed, coarse-grained, strongly porphyritic biotite grano-
diorite containing phenocrysts of microcline.  Informally named herein for exposures 
at and north of Yava, just south of Thompson Valley, in southwestern part of map area.  
Forms large pluton southwest of map area.  Ranges from granodiorite to granite (fig. 
19A) and is metaluminous to mildly peraluminous (fig. 19B), average to potassic (fig. 
19C), and average in Fe/Mg ratio (fig. 19D).  Texture and chemistry suggest this body 
is northern equivalent of granite of Grayback Mountain, in Alamo Lake 1:100,000 
quadrangle to the southwest (Bryant, 1995; Bryant and others, 2001).  U-Pb zircon age 
of granite of Grayback Mountain is 1,415 Ma


MIDDLE(?) AND EARLY(?) PROTEROZOIC INTRUSIVE ROCKS


YXgr	 Granite—Medium-grained, equigranular biotite granite.  Mildly flow foliated to unde-
formed.  Includes large body near South Mesa in far west-central part of map area that 
crops out in central part of granite of Walnut Creek (unit Ywc).  Also includes smaller 
bodies to the east, north of Sheridan Mountain.  Presumed to be Middle(?) and Early(?) 
Proterozoic


EARLY PROTEROZOIC INTRUSIVE ROCKS


[Early Proterozoic plutonic rocks are widely exposed throughout map area.  In order to aid in the discussion 
of these rocks, the exposures of plutonic and metavolcanic rocks are divided into six zones (fig. 21, zones 
1–6, from west to east).  These zones are roughly parallel to regional foliation and contain rock units that 
are similar to one another.  The zones are not crustal blocks nor are they necessarily separated from one 
another by discrete tectonic structures]


	 Gabbroic rocks—Mafic to ultramafic intrusive rocks.  Gabbro and gabbro-norite are the 
most common rock types (fig. 22A) and are found in all zones in the Prescott-Jerome 
area (fig. 21).  Significant exposures of ultramafic rocks are present only in zone 2, 
in the Prescott area.  Evolved rocks, such as diorite and monzodiorite (fig. 22A), are 


30    Geologic Map of the Prescott National Forest and the Headwaters of the Verde River, Arizona







Description of Map Units  3  1


Figure 20.  Major-element classification diagrams for 1,400-Ma Dells Granite (unit Yd) north of Prescott.  Data from Fleck (1983).  Rock 
abbreviations and field boundaries defined in figure 18.
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Figure 21.  Locations of geochemical zones (1–6) in map area.  Zones 1–5 referred to as being in Prescott and Bradshaw Mountains 
areas.  Northern part of zone 6 referred to as being in Jerome area.  Southern part of zone 6 referred to as being in Dugas area.
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Figure 22.  Major-element classification summary diagrams for Early Proterozoic gabbros (units Xum, Xgb, Xlgb, and Xdi) from zones 1–5 
in Bradshaw Mountains and zone 6 in the Black Hills and near Dugas.  Data from this study, L.D. Nealey in Baedecker and others (1998), 
and Vance (1989).
	 A, R1R2 major-element classification diagram (De la Roche and others, 1980).  Picritic, ultramafic rocks;  
Gb-No, gabbro-norite; Gb, gabbro; Alk Gb, alkali gabbro; Thr, theralite; Sy Gb, syenogabbro; Mz Gb, monzogabbro; Gb-Di, gabbro-diorite; 
Sy Di, syenodiorite; Mz, monzonite; Mz Di, monzodiorite; Di, diorite; Q Sy, quartz syenite; Q M, quartz monzonite; Ton, tonalite; Gr, granite; 
Gd, granodiorite.  Fields of alkalinity from Fridrich and others (1998).
	 B–D, Field boundaries defined in figure 2.  Red arrow indicates point lies outside of plot, in direction indicated.
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present only in central part of map area, in zones 2, 3, and 4.  Many gabbros in zone 6 
(Jerome area) are Al rich and plot above the field of unaltered rocks (fig. 22B); rocks are 
not altered, but are rich in Ca-plagioclase.  High-Al rocks are noted in zones 2, 3, and 5, 
but are especially abundant in zone 6.  Gabbros have a wide range of K/Na and Fe/Mg 
ratios (figs. 22C, D); no spatial variations are evident.  Only the evolved rocks in zone 
3 are Ti rich.  Age undetermined, but cross-cutting relations indicate that gabbros are 
the oldest plutonic rocks in map area.  Discussed from most mafic to most felsic, and 
portrayed in chemical diagrams from west (zone 1) to east (zone 6) (figs. 23–27)


Xum	 Ultramafic rocks—Medium- to coarse-grained, equigranular, hornblende- and pyrox-
ene-rich picritic rocks.  Exposed south and east of Prescott, in a mass that extends from 
Badger Mountain, east of Prescott, south-southwest to north of Groom Creek.  Foliated 
on margins and in some localized zones of high strain.  Igneous layering on a small 
scale has been described from the body (Krieger, 1965).  Picritic rocks range widely in 
their chemistry due to their extremes of mineralogy; plagioclase-rich rocks plot above 
the field of unaltered rocks (fig. 24B) due to crystal accumulation.  Amphibole- and 
pyroxene-rich rocks plot below the field, their position also is probably due to crystal 
accumulation.   Plagioclase-rich rocks are sodic; amphibole-rich rocks are very potassic 
(fig. 24C).  All rocks are very Mg rich (fig. 24D).


	 	 	 Small east-striking body composed primarily of augite located south of Jerome, 
near Del Monte Gulch.  Plagioclase is interstitial to augite, which is rimmed by horn-
blende and chlorite.


	 	 	 Small body of hornblendite located northwest of Tuscumbia Mountain
Xgb	 Gabbro—Medium- to coarse-grained, equigranular, hornblende-rich gabbro-norite, 


gabbro, and gabbro-diorite.  Exposed as large bodies throughout central Bradshaw 
Mountains (zones 2–5).  Smaller bodies exposed near Jerome, in the Black Hills (zone 
6), especially within Grapevine Gulch Volcanics.  Mildly to strongly deformed and 
metamorphosed in central Bradshaw Mountains.  Larger bodies have only localized 
zones of high strain; smaller bodies are more thoroughly deformed.  Undeformed and 
only mildly metamorphosed in Black Hills.


	 	 	 Largest gabbro mass is exposed in zone 2, west of Prescott, and is centered on 
Sugarloaf Mountain.  Compositions range from gabbro-norite to diorite (fig. 23A), and 
include abundant leucogabbro bodies too small to show on map.  Zone 2 contains a 
higher percentage of gabbro-norite than most other zones (fig. 23A), and has some of 
the most primitive chondrite-normalized rare-earth-element (REE) profiles.


	 	 	 Zone 3 contains three large gabbro masses.  One extends north from Longfel-
low Ridge to west edge of Big Bug Mesa, and is referred to as the Dandrea Ranch mass, 
for a locality west of Big Bug Mesa.  Another, possibly related to the first, is centered 
on Bodie mine, west of Crooks Canyon.  The last is centered on Salida Spring, east of 
Prescott.  A prominent aeromagnetic high east of Prescott is spatially associated with 
this mass (Langenheim and others, 2002, fig. 5b). Chemistry of first two bodies is 
similar, ranging from gabbro-norite, through gabbro, to gabbro-diorite (fig. 24A).  Wide 
range in both K/Na and Fe/Mg ratios (figs. 24C, D) and no obvious systematic pattern 
may suggest complex intrusive mixtures in the two bodies.  Salida Spring body con-
tains small-scale igneous layers defined by east-striking flow foliation.  Both the Salida 
Spring gabbroic body and the Badger Mountain ultramafic body have distinctive REE 
patterns with pronounced positive Eu anomalies, suggestive of crystal accumulation of 
plagioclase.


	 	 	 Many small gabbro bodies are exposed in zone 4, the largest of which is at the 
Blue Bell mine.  Chemistry of most bodies is similar (fig. 25A) and shows little varia-
tion (figs. 25C, D).


	 	 	 Many gabbro bodies in Jerome area (zones 6A and 6B) are distinctive by being 
high Al and plagioclase rich (fig. 27B), similar to those in zone 5 (fig. 26).  	
Underground samples of gabbro at United Verde mine are notably Al rich, and could 
represent plagioclase cumulates of leucogabbro, as suggested by their sodic nature (fig. 
27C) and Fe- to very Fe-rich nature (fig. 27D)
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Figure 23.  Major-element classification diagrams for Early Proterozoic gabbros (units Xgb and Xlgb ) from zone 2 in Bradshaw Moun-
tains.  Data from this study.  Rock abbreviations defined in figure 22; field boundaries defined in figure 2.  Red arrow indicates point lies 
outside of plot, in direction indicated.


60


50


40
0.4 0.5 0.6 0.7 0.8 0.9


Si
O


2  
(w


t.
 p


er
ce


nt
)


(FeO + 0.89Fe2O3)/(FeO + 0.89Fe2O3+ MgO)


D


2500200015001000


500


1000


1500


2000


2500


Calcic


Calc-AlkalicAlkali-Calcic


Alkalic


R1  = 4000Si - 11,000(Na + K) - 2000(Fe + Ti)


R
2  


= 
60


00
C


a 
+ 


20
00


M
g 


+ 
10


00
A


l


A


0 0.1 0.2 0.3 0.4
40


50


K2O/K2O + Na2O


Si
O


2  
(w


t.
 p


er
ce


nt
)


C


0.4


0.5


0.6


0.7


0.8


0.9


1.0


40 50 60


A
/C


N
K


Field of unaltered
igneous rocks B


SiO2  (wt. percent)


High-Al rocks:  West Sugarloaf
                             Mountain leucogabbro
High-Ti rocks:  none


Kirkland
Skull Valley
West Sugarloaf Mountain
West Maverick Mountain


EXPLANATION


Description of Map Units  35 







Figure 24.  Major-element classification diagrams for Early Proterozoic gabbros (units Xum, Xgb, Xlgb, and Xdi) from zone 3 in Bradshaw 
Mountains.  Data from this study, Anderson and Blacet (1972b), and L.D. Nealey in Baedecker and others (1998).  Rock abbreviations 
defined in figure 22; field boundaries defined in figure 2.  Red arrow indicates point lies outside of plot, in direction indicated.
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Figure 25.  Major-element classification diagrams for Early Proterozoic gabbros (units Xgb and Xdi ) from zone 4 in Bradshaw Mountains.  
Data from this study, Anderson and Blacet (1972b), and Blacet (1985).  Rock abbreviations defined in figure 22; field boundaries defined 
in figure 2.  Red arrow indicates point lies outside of plot, in direction indicated.
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Figure 26.  Major-element classification diagrams for Early Proterozoic gabbros (units Xgb and Xdi) from zone 5 in Bradshaw Moun-
tains.  Data from this study, Anderson and Blacet (1972b), and Anderson (1972).  Rock abbreviations defined in figure 22; field boundaries 
defined in figure 2.
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Figure 27.  Major-element classification diagrams for Early Proterozoic gabbros (unit Xgb) and tonalite (unit Xdi?) from zones 6A and 6B 
in the Black Hills and from zone 6B in Dugas area.  Data from this study, Vance (1989), Anderson and Creasey (1958), and L.D. Nealey in 
Baedecker and others (1998).  Rock abbreviations defined in figure 22; field boundaries defined in figure 2.  Red arrow indicates point 
lies outside of plot, in direction indicated.
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Xlgb	 Leucogabbro—Medium-grained, equigranular, plagioclase-rich leucogabbro.  Extens
ively exposed on Sugarloaf Mountain (zone 2) and on Ash Creek Ridge, west of Crooks 
Canyon (zone 3).  Undeformed to mildly foliated.  Small dikes, sills, and irregularly 
shaped bodies cut normal gabbro and are cut by normal gabbro.  One chemical analysis 
indicates gabbro composition (fig. 23A) that is very potassic (fig. 23C) and very Mg rich 
(fig. 23D).  REE pattern has positive Eu anomaly


Xdi	 Diorite—Medium- to coarse-grained, equigranular, hornblende-rich diorite to monzo-
diorite.  Exposed in mapped bodies at Towers Mountain northwest of Crown King; 
at Green Gulch, northwest of Iron King mine; and in Dandrea Ranch mass, in central 
Bradshaw Mountains.  Also present, but not mapped separately, within bodies of gab-
bro at Sugarloaf Mountain, at Spruce Mountain, south of Humboldt, and southeast of 
Townsend Butte.  Related(?) bodies of tonalite cut felsic metavolcanic rocks on Tule 
Mesa.  Mildly deformed in most outcrops in Bradshaw Mountains.  Undeformed on 
Tule Mesa.


	 	 	 Towers Mountain and Green Gulch masses are calc-alkalic (fig. 25A) and have 
average K/Na and Fe/Mg ratios (figs. 25C, D).  Dandrea Ranch mass is alkali-calcic 
(fig. 24A), sodic to potassic (fig. 24C), and average to very Fe rich (fig. 24D).  	
Tonalite on Tule Mesa is calc-alkalic (fig. 27), very sodic to sodic (fig. 27C) and aver-
age in Fe/Mg ratio (fig. 27D).  Tonalitic composition of Tule Mesa mass may indicate 
relation to younger, intermediate-composition plutonic rocks


	 Tonalitic rocks—Mafic intrusive rocks, primarily hornblende bearing.  Form large plutons 
in west-central and east-central parts of map area.  Discussed from most mafic to most 
felsic.  Most abundant in zones 5 and 6; less abundant in zone 2.  Minor body in zone 1.  
Tonalitic rocks range in composition from gabbro-diorite to granodiorite (fig. 28A), and 
are average to very sodic (fig. 28C) and very Mg rich to Fe rich (fig. 28D).  Tonalitic 
rocks are calcic in zones 5 and 6, but are calc-alkalic in zone 2 (fig. 28A).  Chemistry of 
individual rock units summarized from west to east (figs. 29–34)


Xch	 Cherry Tonalite—Medium- to medium-coarse-grained hornblende-biotite diorite to 
granodiorite containing phenocrysts of hornblende (Anderson and Creasey, 1967).  
Includes tonalite of Cherry (DeWitt, 1989), and part of Cherry batholith (Anderson, 
1989a).  Newly named herein for exposures near Cherry.  Type area is designated where 
main mass exposed from north of Cherry to far southeastern part of map area.  Smaller 
bodies exposed along east side of Lonesome Valley.  Prominent north-trending zone of 
high magnetic intensity along eastern Lonesome Valley probably marks western contact 
of Cherry Tonalite with metavolcanic rocks (Langenheim and others, 2002).  Most 
mafic along western margin of main mass and in southern Lonesome Valley.  Exposed 
in erosional highs beneath Tertiary basalt from Interstate 17 to southern margin of map 
area.  Cuts Bishop Spring Granodiorite (unit Xbp) northwest of Rugged Mesa.  Cuts 
Bland Tonalite (newly named, unit Xbl) east of Perry Mesa and south of map area, 
along Squaw Creek.  Undeformed in most outcrops, but mildly to strongly flow foli-
ated in places.  Strongly deformed along Shylock fault and Shylock high-strain zone in 
southwestern Black Hills.  Hosts gold-bearing quartz veins in Cherry district that are 
genetically related to the tonalite (Clements, 1991).


	 	 	 Chemically is calc-alkalic (fig. 34A), sodic to very sodic (fig. 34C), and very Mg 
rich to Fe rich (fig. 34D).


	 	 	 Age of sample from near Cherry, from U-Pb zircon analyses, is 1,740 Ma 
(Anderson and others, 1971).  K-Ar hornblende dates of 1,694 and 1,690 Ma obtained 
from samples near Cherry (Lanphere, 1968; Dalrymple and Lanphere, 1971).  40Ar/39Ar 
total fusion date of 1,709 Ma obtained from one hornblende (Dalrymple and Lanphere, 
1971).  K-Ar biotite dates of 1,689–1,693 Ma also obtained from same samples.  Con-
flicting age (cuts 1,720-Ma Bland Tonalite but has U-Pb zircon age of 1,740 Ma) may 
be due to more than one tonalite body within a composite pluton (Anderson, 1989a)


Xchg	 Granophyre of Cherry—Medium-grained, equigranular quartz-feldspar granophyre 
(Anderson and Blacet, 1972a).  Exposed southeast of Dewey.  Undeformed.  Cuts 
Cherry Tonalite (unit Xch).  Chemically is an alkali-calcic to calcic granite (fig. 34A) 
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Figure 28.  Major-element classification summary diagrams for Early Proterozoic plutonic rocks from zones 1–6 in Bradshaw Mountains 
and the Black Hills.  Data from this study, DeWitt (1989), Anderson and Blacet (1972b), Anderson (1972), Anderson and Creasey (1958), 
and L.D. Nealey in Baedecker and others (1998).  Rock abbreviations and field boundaries defined in figure 18.


60


50
0.5 0.6 0.7 0.8 0.9 1.0


(FeO + 0.89Fe2O3)/(FeO + 0.89Fe2O3+ MgO)


Si
O


2  
(w


t.
 p


er
ce


nt
)


D


30002500200015001000


500


1000


1500


Calcic


Calc-Alkalic


Alkali-Calcic
Alkalic


0


R1  = 4000Si - 11,000(Na + K) - 2000(Fe + Ti)


R
2  


= 
60


00
C


a 
+ 


20
00


M
g 


+ 
10


00
A


l


A


80


70


60


50
0 0.2 0.4 0.6


K2O/K2O + Na2O


Si
O


2  
(w


t.
 p


er
ce


nt
)


C


0.7


0.8


0.9


1


1.1


1.2


1.3


50 60 70


A
/C


N
K


Field of unaltered
igneous rocks


SiO2  (wt. percent)


B
Zones 1-6
All tonalitic through
   alkali granitic rocks


EXPLANATION







42    Geologic Map of the Prescott National Forest and the Headwaters of the Verde River, Arizona


Figure 29.  Major-element classification diagrams for Early Proterozoic plutonic rocks (units Xsb, Xtc, Xob, Xgg, Xcm, Xdf, Xlg, Xcf, and 
Xap) from zone 1 in Bradshaw Mountains.  Data from this study, DeWitt (1989), and Arney and others (1985).  Rock abbreviations and 
field boundaries defined in figure 18.
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Figure 30.  Major-element classification diagrams for Early Proterozoic plutonic rocks (units Xmw, Xrg, Xsv, Xpv, Xwv, Xpr, Xgc, Xvr, and 
Xkw) from zone 2 in Bradshaw Mountains.  Data from this study, DeWitt (1989), Krieger (1965), and L.D. Nealey in Baedecker and others 
(1998).  Rock abbreviations and field boundaries defined in figure 18.
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Figure 31.  Major-element classification diagrams for Early Proterozoic plutonic rocks (units Xcc, Xjf, Xcca, and Xwg) from zone 3 in 
Bradshaw Mountains.  Data from this study, DeWitt (1989), Krieger (1965), and Anderson and Blacet (1972b).  Rock abbreviations and 
field boundaries defined in figure 18.
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Figure 32.  Major-element classification diagrams for Early Proterozoic plutonic rocks (units Xhm, Xhy, Xbb, Xmh, Xhc, and Xcb) from 
zone 4 in Bradshaw Mountains.  Data from this study, DeWitt (1989), Blacet (1985), and Vrba (1980).  Rock abbreviations and field bound-
aries defined in figure 18.
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Figure 33.  Major-element classification diagrams for Early Proterozoic plutonic rocks (units Xbg, Xbl, and Xbs) from zone 5 in Bradshaw 
Mountains.  Data from this study, DeWitt (1989), and Anderson (1972).  Rock abbreviations and field boundaries defined in figure 18.
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Figure 34.  Major-element classification diagrams for Early Proterozoic plutonic rocks (units Xch, Xchg, Xchd, Xbp, and Xbn) from zone 
6 in the Black Hills.  Data from this study, DeWitt (1989), Anderson and Creasey (1958), Krieger (1965), Anderson and Blacet (1972b), 
Wolfe (1983), and L.D. Nealey in Baedecker and others (1998).  Rock abbreviations and field boundaries defined in figure 18.  Red arrow 
indicates point lies outside of plot, in direction indicated.
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that is mildly to strongly peraluminous (fig. 34B), very sodic (fig. 34C), and average to 
very Fe rich (fig. 34D)


Xchd	 Dikes of Cherry—Medium-grained, equigranular granodiorite to medium-grained, 
porphyritic granodiorite containing phenocrysts of feldspar and quartz in north-striking, 
high-angle dike swarms.  Equigranular granodiorite dikes and porphyritic dikes con-
taining quartz phenocrysts are late cogenetic bodies related to the main tonalite mass, 
as evidenced by immiscible igneous textures.  Porphyritic granodiorite dikes may be 
related to Badger Spring Granodiorite (unit Xbs).  All dikes undeformed.  Age of 	
cogenetic dikes probably about 1,700 Ma, as suggested by hornblende and biotite K-Ar 
dates of 1,690–1,709 Ma


Xbl	 Bland Tonalite—Medium-grained, equigranular to slightly porphyritic tonalite diorite 
containing phenocrysts of hornblende (Jerome, 1956).  Exposed in southeastern part 
of map area, from east of Cleator to past southern boundary of map area.  Bumblebee 
Granodiorite (Anderson and Blacet, 1972c) combined with Bland for purposes of this 
map.  Bumblebee may be slightly older than main mass of Bland (see below).  Named 
herein for exposures at type area on Bland Hill in southern part of map area and along 
Black Canyon.  Least deformed in northern and western parts of pluton.  Strongly 
deformed within Black Canyon high-strain zone.  Cuts granodiorite of Big Bug Creek 
(unit Xbg).


	 	 	 Ranges in composition from gabbro-diorite to granodiorite and is predominantly 
calcic (fig. 33A).  Tonalitic rocks are very sodic to average (fig. 33C) and Mg rich to Fe 
rich (fig. 33D).


	 	 	 Age of Bland about 1,720 Ma (Bowring and others, 1986).  Age of Bumblebee 
about 1,750 Ma (S.A. Bowring, unpub. U-Pb zircon data, cited in Karlstrom and others, 
1987), indicating that Bumblebee may be older than Bland


Xgc	 Government Canyon Tonalite—Medium-grained, equigranular hornblende-biotite stock 
(Krieger, 1965) having average composition of tonalite.  Exposed from east of Granite 
Mountain to south of Wilhoit.  Redescribed herein to tonalite, based on chemical com-
position.  Undeformed in many eastern outcrops, but strongly deformed west of Copper 
Basin and mildly deformed in central Bradshaw Mountains.


	 	 	 Ranges in composition from alkali-calcic gabbro-diorite to calc-alkalic grano-
diorite (fig. 30A).  Very sodic to average (fig. 30C) and very Mg rich to Mg rich (fig. 
30D).  Age, from U-Pb zircon analyses, is about 1,740 Ma (Anderson and others, 1971)


Xcm	 Tonalite of Cottonwood Mountain—Medium-grained, equigranular biotite-hornblende 
tonalite.  Exposed only in small area west of Cottonwood Mountain, in far western part 
of map area.  Strongly deformed.  Chemically is calc-alkalic (fig. 29A), sodic (fig. 29C), 
and average in Fe/Mg ratio (fig. 29D).  Early Proterozoic age determined from Pb-Pb 
whole rock isotopic composition (Bryant and others, 1994)


	 Granodioritic rocks—Intermediate-composition intrusive rocks, primarily biotite bearing, 
but locally containing hornblende.  Forms intermediate-size plutons throughout map 
area.  Most numerous in zone 2 (seven plutons).  Less numerous in zones 1, 3, and 6 
(one pluton each).  Most granodiorites are medium grained and equigranular.  Only 
three are strongly porphyritic.  Greatest range in age of major intrusive groups, from 
pre-tectonic (about 1,750 Ma) to post-tectonic (about 1,690 Ma).  Discussed from most 
mafic to most felsic.  Granodioritic rocks are metaluminous to mildly peraluminous, 
with a few associated rocks being strongly peraluminous (fig. 28B).  Granodiorites are 
among the most sodic of intrusive rocks, ranging from very sodic to potassic (fig. 28C), 
and from Mg rich to average in Fe/Mg ratio (fig. 28D)


Xpr	 Prescott Granodiorite—Medium- to medium-fine-grained biotite granodiorite (Krieger, 
1965).  Exposed from southwest of Prescott to northeastern part of Lonesome Val-
ley.  Mildly flow foliated in places.  Tectonic foliation restricted to minor zone of high 
strain, none of which is mappable at this scale.  Cuts Government Canyon Granodiorite 
and Peeples Valley Granodiorite (newly named) near Prescott and cuts Cherry Tonalite 
(newly named) in northeastern Lonesome Valley.
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	 	 	 Chemically is calc-alkalic to alkali-calcic (fig. 30A), mildly peraluminous (fig. 
30B), very sodic (fig. 30C), and very Mg rich to average (fig. 30D).  Age about 1,690 
Ma (J.L. Wooden and Ed DeWitt, unpub. U-Pb zircon data, 1997)


Xpv	 Peeples Valley Granodiorite—Medium-grained, equigranular biotite granodiorite to leu-
cocratic granodiorite, locally containing equant books of biotite.  Exposed from west of 
Prescott to past southwestern boundary of map area.  Equivalent to granodiorite of Wil-
hoit (DeWitt, 1989), and part of Wilhoit batholith of Anderson (1989b).  Newly named 
herein for exposures at type area in Peeples Valley, southwest of Wilhoit and north of 
Yarnell (DeWitt, 1989, fig. 1).  Undeformed in most exposures.  Cuts Government Can-
yon Tonalite.  Where fine grained, pluton is difficult to tell from Prescott Granodiorite.


	 	 	 Granodiorite is calc-alkalic (fig. 30A), metaluminous to mildly peraluminous 
(fig. 30B), very sodic (fig. 30C), and very Mg rich to Mg rich (fig. 30D).  Early Protero-
zoic age determined from Pb-Pb whole rock isotopic composition (Wooden and DeWitt, 
1991)


Xvr	 Granodiorite of the Verde River—Medium-grained, equigranular biotite-hornblende 
granodiorite (Krieger, 1965).  Exposed only along Verde River, downstream from Paul-
den.  Mildly deformed in most outcrops.  Limited data suggest body is alkali-calcic (fig. 
30A), very sodic (fig. 30C), and very Mg rich (fig. 30D).  Age, determined from U-Pb 
analyses of zircon, about 1,720 Ma (Chamberlain and others, 1991)


Xhy	 Hassayampa Granodiorite—Medium- to coarse-grained biotite granodiorite containing 
phenocrysts of potassium feldspar.  Contains abundant dikes of aplite and pegmatite 
that are locally rich in tourmaline (DeWitt, 1989).  Exposed in far southern part of map 
area, from north of Goodwin Spring (location of Hozoni Ranch), to along the Hassa
yampa River.  Referred to informally as granodiorite of Hozoni Ranch (DeWitt, 1989).  
Equivalent to part of porphyritic monzogranite of Horse Mountain of Anderson (1989b).  
Newly named herein for exposures along Hassayampa River and at Hozoni Ranch.  
Moderately to strongly deformed along northeast-striking, northwest-dipping foliation.  
Genetically related to pegmatite deposits in the White Picacho district, northeast of 
Wickenburg (Jahns, 1952).


	 	 	 Main body ranges in composition from calc-alkalic tonalite to granodiorite (fig. 
32A).  Most mafic part of body is southwest of map area, near White Picacho pegmatite 
district.  Aplite-pegmatite dikes are alkali-calcic granite (fig. 32A).  Granodiorite and 
aplite-pegmatites are predominantly average in K/Na ratio (fig. 32C) and Fe/Mg ratio 
(fig. 32D).  Age about 1,720 Ma (J.L. Wooden and Ed DeWitt, unpub. U-Pb zircon data, 
1992)


Xmh	 Minnehaha Granodiorite—Medium-grained, equigranular hornblende-biotite grano-
diorite (DeWitt, 1989).  Largest continuous outcrop near and south of Minnehaha, its 
designated type area.  Some exposures too small to show on map extend from Lookout 
Mountain to the southwest.  Main mass near Minnehaha is undeformed on eastern 
margin, but strongly deformed on the west.  Small bodies near Lookout Mountain are 
strongly deformed.  Newly named herein for exposures near Minnehaha.  Previously 
referred to informally as granodiorite of Minnehaha (DeWitt, 1989).  Characteristic low 
magnetic susceptibility, similar to that of Brady Butte Granodiorite (DeWitt, 1989), 
probably responsible for aeromagnetic low that extends from Brady Butte to near Wick-
enburg Mountains (U.S. Geological Survey, 1972; Sauk and Sumner, 1970).  Interpreted 
as part of composite, possibly zoned, pluton associated with Brady Butte Granodiorite.


	 	 	 Ranges from calc-alkalic tonalite to granodiorite (fig. 32A).  Metaluminous 
to mildly peraluminous (fig. 32B), very sodic to sodic (fig. 32C), and very Mg rich to 
average in Fe/Mg ratio (fig. 32D).  Major- and minor-element composition very similar 
to that of metadacite tuff exposed on west side of Brady Butte Granodiorite, west of 
Battle Flat.  Could be subvolcanic equivalent of metadacite tuff.  Early Proterozoic age 
determined from Pb-Pb whole rock isotopic composition (Wooden and DeWitt, 1991)


Xbp	 Bishop Spring Granodiorite—Medium-grained, equigranular biotite granodiorite.  
Undeformed to moderately foliated.  Newly named herein for exposures along Bishop 
Creek, north of Rugged Mesa, in southeastern part of map area.
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	 	 	 Granodiorite is calcic (fig. 34A), metaluminous to mildly peraluminous (fig. 
34B), very sodic (fig. 34C), and Mg rich to average in Fe/Mg ratio (fig. 34D).  Two 
samples of granodiorite are the most sodic of all intrusive rocks in entire area.  Early 
Proterozoic age determined from Pb-Pb whole rock isotopic composition (Bryant and 
others, 1994)


Xbpr	 Bishop Spring Granodiorite and rhyodacite—Fine-grained, porphyritic rhyodacite 
flows and tuffs containing phenocrysts of plagioclase and quartz that are extensively 
intruded by Bishop Spring Granodiorite (newly named unit Xbp).  Rhyodacite is calc-
alkalic (fig. 46A), mildly peraluminous (fig. 46B), very sodic (fig. 46C), and average in 
Fe/Mg ratio (fig. 46D)


Xwv	 Williamson Valley Granodiorite—Medium-grained, equigranular biotite granodiorite 
containing distinctive yellow-stained quartz grains (DeWitt, 1989).  Exposed from north 
of Prescott to Sullivan Buttes.  Newly named herein for exposures in its type area in 
Williamson Valley, west of town of Chino Valley and northwest of Table Mountain.  
Undeformed in most exposures.


	 	 	 Granodiorite is alkali-calcic (fig. 30A), mildly peraluminous (fig. 30B), very 
sodic (fig. 30C), and Mg rich (fig. 30D).  Early Proterozoic age determined from Pb-Pb 
whole rock isotopic composition (Wooden and DeWitt, 1991)


Xdf	 Dillon Field Granodiorite—Medium-grained, equigranular biotite granodiorite.  Exposed 
from northwest of Dillon Field, northwest of Prescott, to near Orejano Basin in western 
part of map area.  Newly named herein for exposures near Dillon Field, its designated 
type area.  Exaggerated flow foliation in many outcrops and probably emplaced as 
crystal-rich mush.  Highest magnetic susceptibility of any plutonic rock in western part 
of map area.


	 	 	 Granodiorite is alkali-calcic (fig. 29A), potassic (fig. 29C), and average in Fe/Mg 
ratio (fig. 29D).  Early Proterozoic age determined from Pb-Pb whole rock isotopic 
composition (Bryant and others, 1994)


Xjf	 Johnson Flat Granodiorite—Medium-grained, equigranular leucocratic biotite grano-
diorite.  Johnson Flat monzogranite of Anderson (1989b) is here redescribed as grano-
diorite.  Informally referred to as western part of Crooks Canyon pluton (DeWitt, 
1989).  Exposed from Lookout Mountain to northeast of Battleship Butte.  Moderately 
deformed in most outcrops.  Also present along Big Bug Creek, north of Big Bug Mesa, 
where dike cuts Texas Gulch Formation (Anderson and Blacet, 1972b).


	 	 	 Granodiorite is calc-alkalic (fig. 31A), mostly mildly peraluminous (fig. 31B), 
very sodic to sodic (fig. 31C), and Mg rich to average in Fe/Mg ratio (fig. 31D).  Chem-
ically distinct from main mass of newly renamed Crooks Canyon Granite (unit Xcc) by 
virtue of lower Zr and higher Sr concentrations and a REE pattern that lacks a negative 
Eu anomaly.  Presumed to be Early Proterozoic


Xjgb	 Johnson Flat Granodiorite and gabbro migmatite, undivided—Mixture of Johnson 
Flat Granodiorite and gabbro bodies.  May contain some intermediate-composition 
metavolcanic rocks as well


Xbs	 Badger Spring Granodiorite—Medium-grained, porphyritic leucocratic biotite grano-
diorite containing distinctive phenocrysts of quartz (Anderson and Blacet, 1972c).  
Exposed from north of Cordes Junction to canyon of Agua Fria River at far southern 
margin of map area.  Undeformed in most exposures.  Cuts Bland Tonalite (newly 
named unit Xbl).


	 	 	 Granodiorite is calcic (fig. 33A), mildly peraluminous (fig. 33B), very sodic (fig. 
33C), and average in Fe/Mg ratio (fig. 33D).  Early Proterozoic age determined from 
Pb-Pb whole rock isotopic composition (Wooden and DeWitt, 1991).  Age about 1,740 
Ma (S.A. Bowring, unpub. U-Pb zircon data, cited in Karlstrom and others, 1987)


Xbgb	 Intrusive breccia—Dikes and sills of Badger Spring Granodiorite (unit Xbs) that cut 
distinctive gabbro exposed extensively in New River Mountains, southeast of main map 
area.  Largest exposures are in canyon of Aqua Fria River, in southeastern part of map 
area.  Gabbro is non-uniform in grain size and contains abundant plagioclase pheno-
crysts.  At southern margin of body, dikes and sills of granodiorite compose 10–15 	
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percent of breccia.  Dikes and sills increase in percentage to the north, composing 40–80 
percent of breccia.  Largest inclusions of gabbro in breccia are 0.5 m thick and 3 m long


Xsv	 Granodiorite of Skull Valley—Medium- to medium-fine-grained biotite granodiorite, 
redescribed as granodiorite for exposures around the town of Skull Valley, west of 
Prescott.  Originally named Skull Valley Monzogranite (Anderson, 1989b).  Unde-
formed in all exposures.  Limited data suggest granodiorite is alkali-calcic (fig. 30A), 
mildly peraluminous (fig. 30B), and average in K/Na and Fe/Mg ratios (figs. 30C, D).  
Similar in megascopic appearance to Prescott Granodiorite (unit Xpr).  Early Protero-
zoic age determined from Pb-Pb whole rock isotopic composition (Wooden and DeWitt, 
1991)


Xrg	 Granodiorite of Ramsgate—Medium-grained, equigranular biotite granodiorite.  
Strongly deformed in zones of high strain that strike northeast and dip steeply.  Exposed 
along Ramsgate, west of Iron Springs.  Cuts Mint Wash Granodiorite (newly named 
unit Xmw).  Limited data suggest granodiorite is alkali-calcic (fig. 30A) and average in 
K/Na and Fe/Mg ratios (figs. 30C, D).  Presumed to be Early Proterozoic


Xmw	 Mint Wash Granodiorite—Coarse-grained, porphyritic biotite granite to granodiorite 
containing conspicuous phenocrysts of alkali feldspar (DeWitt, 1989).  Type area desig-
nated for exposures along Mint Wash, northwest of Prescott, and at Granite Mountain, 
and south to town of Iron Springs.  Strongly foliated along western contact in Granite 
Mountain high-strain zone and in northeast-striking, steeply dipping Iron Springs high-
strain zone.  Silicified and chloritized within zones of high strain.  Mint Wash body does 
not cut granodiorite of Skull Valley (unit Xsv), as suggested by Anderson (1989b).


	 	 	 Composition straddles boundary between alkali-calcic granodiorite and granite 
(fig. 30A).  Body is predominantly average in both K/Na and Fe/Mg ratios (figs. 30C, 
D).  Age about 1,720 Ma (J.L. Wooden and Ed DeWitt, unpub. U-Pb zircon data, 1997)


Xbb	 Brady Butte Granodiorite—Medium- to medium-fine-grained, equigranular to slightly 
porphyritic biotite granodiorite (Anderson and others, 1971; Blacet, 1985).  Exposed 
from Brady Butte to west of Crown King.  Strongly deformed within zones of high 
strain.  Most deformed on west side of pluton.  As mapped, includes the porphyritic 
granodiorite at Tuscumbia (Anderson and Blacet, 1972a; Blacet, 1985).  Large area of 
low magnetic intensity corresponds to outcrop of granodiorite (U.S. Geological Survey, 
1972).


	 	 	 Granodiorite straddles the boundary between alkali-calcic and calc-alkalic (fig. 
32A), and is mildly to strongly peraluminous (fig. 32B), very sodic to sodic (fig. 32C), 
and predominantly average in Fe/Mg ratio, but two samples vary widely (fig. 32D).  
Age, determined from U-Pb analyses of zircon, about 1,750 Ma (Anderson and others, 
1971)


Xhc	 Humbug Creek Granodiorite—Fine- to medium-grained, equigranular biotite granodio-
rite to granite (DeWitt, 1989).  Exposed along Humbug Creek and from southwest of 
Horsethief Basin to past southern boundary of map area.  Strongly deformed south of 
Lane Mountain, especially southwest of Copper Basin and along Humbug Creek.  Type 
area designated along Humbug Creek.  Outcrop extent is more limited than shown in 
DeWitt (1989).


	 	 	 Composition straddles boundary between granodiorite and granite and boundary 
between alkali-calcic and calc-alkalic rocks (fig. 32A).  Mildly peraluminous (fig. 32B), 
very sodic (fig. 32C), and Mg rich to average in Fe/Mg ratio (fig. 32D).  Age about 
1,720 Ma (J.L. Wooden and Ed DeWitt, unpub. U-Pb zircon data, 1992)


Xbg	 Granodiorite of Big Bug Creek—Medium-grained, equigranular biotite granodiorite 
(DeWitt, 1989).  Exposed between Cordes Junction and Cordes.  Mildly deformed 
within zones of high strain.  Cuts Bland Tonalite (unit Xbl).  Limited data suggest 
granodiorite is calc-alkalic (calcic sample may be altered; fig. 33A), very sodic (fig. 
33C), and average in Fe/Mg ratio (fig. 33D).  Presumed to be Early Proterozoic


	 Granitic rocks—Felsic intrusive rocks containing biotite or muscovite.  Forms large plutons 
in southern and central parts of map area.  Most abundant in zone 1 (seven bodies).  
Second most abundant in zone 3 (three bodies).  Not present in zone 5.  Zones 2 and 6 
have one body each; zone 4 has two.  Predominantly medium to medium-fine grained, 
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equigranular.  Only one body is markedly porphyritic.  Most bodies are younger than 
1,720 Ma and are late-tectonic to post-tectonic.  Discussed from most mafic to most 
felsic.  Most granitic rocks are alkali-calcic (fig. 28A), mildly peraluminous (fig. 28B), 
very sodic to potassic (fig. 28C), and range widely in Fe/Mg ratio, from very Mg rich to 
very Fe rich (fig. 28D)


Xwg	 Granite of Wagoner—Fine- to medium-grained leucocratic granodiorite.  Informally 
referred to as part of southern Crooks Canyon Granodiorite (DeWitt, 1989).  Exposed 
from Black Mountain, south, to past Campbell Flat.  Flow foliated in places, but not 
tectonically deformed in most outcrops.  Cuts Minnehaha Granodiorite and Hassayampa 
Granodiorite (both newly named).


	 	 	 Granite is alkali-calcic (fig. 31A), mildly peraluminous (fig. 31B), sodic to aver-
age in K/Na ratio (fig. 31C), and average in Fe/Mg ratio (fig. 31D).  Presumed to be 
Early Proterozoic


Xsb	 Granite of South Butte—Medium- to coarse-grained, slightly to strongly porphyritic bio-
tite granite to granodiorite and associated aplite.  Exposed along base of South Butte, on 
north side of Big Chino Valley, for which unit is informally named, and west of Lime-
stone Peak in far western Big Chino Valley.  Also exposed along unnamed drainage 
north and west of South Butte.  Undeformed in many outcrops, but variably deformed 
along northeast-striking, steeply dipping zones of high strain.  Northwest of South Butte 
contains intermediate-composition inclusions.


	 	 	 Granodiorite to granite is alkali-calcic (fig. 29A), mildly peraluminous (fig. 
29B), potassic (fig. 29C), and average in Fe/Mg ratio (fig. 29D).  Aplite is an alkali-
calcic alkali granite (fig. 29A), and is strongly peraluminous (fig. 29B) and average in 
K/Na and Fe/Mg ratios (figs. 29C, D).  Early Proterozoic age determined from Pb-Pb 
whole rock isotopic composition (Bryant and others, 1994)


Xob	 Granite of Orejano Basin—Medium- to medium-fine-grained biotite granite having 
moderate flow foliation.  Exposed in far western part of map area, centered about Ore-
jano Basin, west of Sycamore Creek.  Megascopically similar to gneissic granite (unit 
Xgg).


	 	 	 Granite is alkali-calcic (fig. 29A), mildly peraluminous (fig. 29B), and average 
in K/Na and Fe/Mg ratios (figs. 29C, D).  Early Proterozoic age probable from Pb-
Pb whole rock isotopic composition (Bryant and others, 1994), but is within range of 
Middle Proterozoic plutonic rocks as well


Xcf	 Cornfield Mountain Granite—Medium-grained, slightly porphyritic biotite granite con-
taining distinctive cream-colored, medium-grained phenocrysts of feldspar.  Exposed in 
western part of map area, from north of town of Skull Valley to northeast of Eagle Peak.  
Undeformed in most exposures, but flow foliated in places.  Cuts Dillon Field Grano-
diorite (unit Xdf) and gneissic granite (unit Xgg).  Newly named herein for exposures 
on Cornfield Mountain, its designated type area.


	 	 	 Granite is alkali-calcic (fig. 29A), predominantly mildly peraluminous (fig. 29B), 
average to potassic (fig. 29C), and average in Fe/Mg ratio (fig. 29D).  Early Proterozoic 
age determined from Pb-Pb whole rock isotopic composition (Bryant and others, 1994)


Xgg	 Gneissic granite—Medium-fine- to fine-grained, equigranular biotite granite having 
exaggerated flow foliation.  Present in small bodies from north of Martin Mountain to 
north of Limestone Peak in western part of map area.  Megascopically similar in texture 
to granite of Orejano Basin (unit Xob).


	 	 	 Limited data suggest that granite is alkali-calcic (fig. 29A), mildly peraluminous 
(fig. 29B), average to potassic (fig. 29C), and very Mg rich to average in Fe/Mg ratio 
(fig. 29D).  Presumed to be Early Proterozoic


Xcb	 Crazy Basin Granite—Medium- to coarse-grained, equigranular to porphyritic biotite-
muscovite granite (Anderson and Blacet, 1972b, c).  Redescribed herein from Crazy 
Basin Quartz Monzonite (Anderson and Blacet, 1972c), based on chemical composi-
tion.  Large pluton exposed from south of Cleator to past southern boundary of map 
area.  Cuts Humbug Creek Granodiorite (unit Xhc).  In southern two-thirds of outcrop, 
the medium-fine-grained granite has a strongly developed flow foliation that paral-
lels metawacke (unit Xw) and metapelite (unit Xp).  Southern Bradshaw Mountains 
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migmatite complex of Anderson (1989b) equivalent to southern two-thirds of granite.  
In northern one-third of outcrop, medium- to coarse-grained granite is undeformed to 
mildly deformed and has domed the metawacke and metapelite (Blacet, 1985).  Linear, 
north-south outcrop pattern of metasedimentary and metavolcanic rocks on east side of 
pluton related to diapiric rise and uplift of pluton following emplacement.  The belt of 
metavolcanic and metasedimentary rocks is not herein interpreted as a crustal boundary 
(Leighty and others, 1991).  Residual gravity contours cross-cut contact of Crazy Basin 
Granite with wacke (Leighty and others, 1991), suggesting that southern part of Crazy 
Basin Granite may overhang northeast-striking metavolcanic and metasedimentary 
rocks at depth and be rootless.


	 	 	 Pluton is more mafic to south, but all is alkali-calcic (fig. 32A), mildly to 
strongly peraluminous (fig. 32B), sodic to average in K/Na ratio (fig. 32C), and ranges 
widely in Fe/Mg ratio (fig. 32D).  Most mafic rocks are very Mg rich and most felsic 
rocks are very Fe rich.


	 	 	 Age 1,695 Ma (S.A. Bowring, unpub. U-Pb zircon data, cited in Karlstrom and 
others, 1987).  40Ar/39Ar muscovite and biotite dates of 1,410 and 1,412 Ma suggest 
Middle Proterozoic thermal pulse or protracted cooling (Hodges and Bowring, 1995)


Xhm	 Granite of Horse Mountain—Medium- to coarse-grained leucocratic granite and 
pegmatite.  Exposed on and near Horse Mountain, north of Minnehaha.  Not a coher-
ent plutonic body, but an extensive swarm of granite and pegmatite dikes that cut mafic 
metavolcanic rocks.  Rocks previously referred to as granite of Horse Mountain (Ander-
son, 1989b) were thought to be equivalent to Hassayampa Granodiorite (unit Xhy).  
Cuts Minnehaha Granodiorite (unit Xmh) and Hassayampa Granodiorite.


	 	 	 Granite is alkali-calcic to calc-alkalic (fig. 32A), mildly to strongly peraluminous 
(fig. 32B), sodic to potassic (fig. 32C), and average in Fe/Mg ratio (fig. 32D).


	 	 	 Small body on Horse Mountain has U-Pb zircon age of about 1,680 Ma (S.A. 
Bowring, unpub. U-Pb zircon data, cited in Hodges and Bowring, 1995)


Xtc	 Granite of Tucker Canyon—Medium-grained, foliated muscovite granite.  Exposed 
along Tucker Canyon, near mouth of Partridge Creek and Big Chino Valley.


	 	 	 Granite is alkali-calcic (fig. 29A), strongly peraluminous (fig. 29B), average in 
K/Na ratio (fig. 29C), and predominantly Mg rich (fig. 29D).  Early Proterozoic age 
determined from Pb-Pb whole rock isotopic composition (Bryant and others, 1994)


Xgr	 Granitic rocks, undivided—Medium- to medium-coarse-grained, equigranular to slightly 
porphyritic biotite granite.  Present in small bodies in western, northwestern, and south-
eastern parts of map area.  Slightly deformed in zones of high strain that strike northeast 
and dip steeply.  Presumed to be Early Proterozoic


	 Alkali granitic rocks—Felsic intrusive rocks, primarily muscovite bearing.  Forms pegma-
tite swarms within pelitic metasedimentary rocks in zones 1 and 2, a deformed pluton in 
central Bradshaw Mountains (zone 3), and a large pluton in zone 6 that extends to near 
Payson.  Discussed from most mafic to most felsic


Xcc	 Crooks Canyon Granite—Main phase consists of medium- to medium-coarse-grained, 
equigranular leucocratic biotite granite, originally named Crooks Canyon Granodiorite 
(Anderson and Blacet, 1972a).  Exposed in central Bradshaw Mountains, from Walker 
on the north to near the Bodie mine on the south.  Moderately to strongly deformed in 
most outcrops.  Strongly tectonized along Chaparral shear zone (Bergh and Karlstrom, 
1992), herein shown as Chaparral high-strain zone.  Redescribed herein based on chemi-
cal composition.


	 	 	 Granite is alkali-calcic (fig. 31A), but some samples are calc-alkalic because of 
fractional crystallization of parent material.  Granite is predominantly mildly peralumi-
nous (fig. 31B), very sodic to sodic (fig. 31C), and average to very Fe rich (fig. 31D).


	 	 	 Age about 1,730 Ma (S.A. Bowring, unpub. U-Pb zircon data, cited in Karl-
strom and Bowring, 1991).  If leucogranite (unit Xlg) that cuts Texas Gulch Formation 
(Blacet, 1985) is equivalent to Crooks Canyon Granite, age of Crooks Canyon Granite 
must be younger than 1,720 Ma


Xcca	 Aplite of Crooks Canyon Granite—Fine-grained, equigranular leucocratic biotite 
granodiorite to alaskite (Krieger, 1965).  Exposed predominantly north of Chaparral 
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high-strain zone.  Undeformed in far northern exposures, but more strongly deformed 
near Chaparral high-strain zone.  Cuts main phase of Crooks Canyon Granite (unit Xcc) 
and Government Canyon Tonalite (unit Xgc).


	 		 Alkali granite is alkali-calcic (fig. 31A), mildly to strongly peraluminous (fig. 
31B), very sodic (fig. 31C), and average to very Fe rich (fig. 31D).  Age undetermined, 
but Early Proterozoic age presumed on basis of chemical similarity to Crooks Canyon 
Granite


Xap	 Aplite-pegmatite of Tonto Mountain—White, medium- to coarse-grained aplite and peg-
matite.  Exposed in belt that extends from west side of Sullivan Buttes to past Cornfield 
Mountain in western part of map area.  Not a coherent plutonic body, but a mass of 
aplite-pegmatite dikes.  Extensively intrudes pelitic metapelite (unit Xp) and metawacke 
(unit Xw) east of Tucker and along Tonto Wash.  Cuts Cornfield Mountain Granite 
(newly named unit Xcf).


	 	 	 Aplite and pegmatite are alkali-calcic (fig. 29A), strongly peraluminous (fig. 
29B), very sodic to potassic (fig. 29C), and very Mg rich to Mg rich (fig. 29D).  Early 
Proterozoic age determined from Pb-Pb whole rock isotopic composition (Bryant and 
others, 1994), but some aplite-pegmatite bodies near Tucker could be younger


Xkw	 Alaskite of King Well—Red, medium- to fine-grained alkali granite (Krieger, 1965).  
Exposed only near King Well, east of Paulden, and south of Verde River.  Cuts Prescott 
Granodiorite (unit Xpr).  Possibly related, in age, to Red Rock(?) Rhyolite of Silver and 
others (1986).


	 	 	 Limited data suggest alkali granite is alkali-calcic (fig. 30A), mildly peralumi-
nous (fig. 30B), average in K/Na ratio (fig. 30C), and very Fe rich (fig. 30D).  Presumed 
to be Early Proterozoic


Xbn	 Granite of Bloody Basin—Medium- to coarse-grained, undeformed, equigranular to 
porphyritic leucocratic biotite granite.  Included in Verde River red granite batholith of 
Anderson (1989b).  Exposed along Skeleton Ridge in far southeastern part of map area, 
and along Verde Rim farther to the southwest.


	 	 	 Alkali granite to granite is predominantly alkali-calcic (fig. 34A), mildly per-
aluminous (fig. 34B), very sodic to sodic (fig. 34C), and very Fe rich (fig. 34D).  Age 
undetermined but presumed to be about 1,700 Ma, because of chemical similarity to 
both Payson Granite (Ed DeWitt, unpub. data, 1998) and Early Proterozoic metarhyolite 
beneath the Mazatzal Peak Formation (unit Xmp)


Xlg	 Leucogranite—White, fine- to medium-grained leucocratic alkali granite.  In far west-
ern part of map area, exposed from Indian Hill on the north to Young Mountain on the 
south.  Also exposed near Copper Basin, west of Prescott.  Texturally distinct from 
aplite-pegmatite (unit Xap) by virtue of its equigranular nature.  Undeformed in most 
far western exposures.  Deformed near Copper Basin.


	 	 	 Leucogranite dikes that cut Texas Gulch Formation west of Brady Butte are 
porphyritic, containing phenocrysts of albite, and foliated (Blacet, 1985).  These dikes 
could be part of the Crooks Canyon Granite (unit Xcc).


	 	 	 Composition of western leucogranite is an alkali granite to granite that is alkali-
calcic (fig. 29A), strongly peraluminous (fig. 29B), very sodic to potassic (fig. 29C), and 
average in Fe/Mg ratio (fig. 29D).  Presumed to be Early Proterozoic


EARLY PROTEROZOIC METASEDIMENTARY ROCKS


Xmp	 Mazatzal Peak Formation—Reddish-purple quartzite, conglomerate, and minor argillite.  
Exposed east of Del Rio Springs, northeast of town of Chino Valley.  Minimum thick-
ness about 1,200 m.  Age of upper part of section suggested to be less than 1,650 Ma 
(Chamberlain and others, 1991), but documentation for age is minimal.  Mazatzal Peak 
Formation in map area may be slightly younger than in type area of Mazatzal Mountains 
to the east, where base of section is 1,700 Ma (Silver and others, 1986; Cox and others, 
2002)
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	 Texas Gulch Formation
Xtgr	 Rhyolitic meta-tuffaceous rocks—Tan rhyolitic metatuff and interbedded phyllite.  


Exposed north of Dewey.  Thickness undetermined.  Age about 1,715 Ma and younger 
(S.A. Bowring, unpub. U-Pb zircon data, cited in Karlstrom and Bowring, 1991)


Xtgs	 Purple slate—Metamorphosed purple shale and fine-grained tuffaceous metasedimentary 
rocks.  Exposed north of Dewey.  Interbedded with rhyolitic meta-tuffaceous rocks (unit 
Xtgr) on a regional scale.  Thickness undetermined


Xtgq	 Quartzose metasedimentary rocks—Metamorphosed siltstone, tuff, sandstone, and 
minor rhyolite.  Exposed around Brady Butte Granodiorite (unit Xbb) in south-central 
part of map area and north of Round Hill in zone 5B.  Conglomeratic rocks rest uncon-
formably on andesitic intrusive rocks (unit Xa3) south of Round Hill.  Thickness as 
much as 300 m


Xtgc	 Conglomerate—Metamorphosed pebble to cobble conglomerate, sandstone, and arkose.  
Clasts of iron-formation, vein quartz, and Brady Butte Granodiorite (unit Xbb) com-
mon.  Thickness of individual beds, tens of meters.  Exposed around Brady Butte 
Granodiorite.  Conglomerate beds rest unconformably on Brady Butte Granodiorite 
(Blacet, 1966).  Multiply deformed on a local scale (O’Hara and others, 1978; Karl-
strom and O’Hara, 1984) where S


2
 foliation surface switches from predominantly west 


dipping to locally east dipping
Xp	 Pelitic metasedimentary rocks—Metamorphosed siltstone, sandy shale, and minor wacke.  


Exposed around western part of Crazy Basin Granite (unit Xcb), near Cleator.  Beds 
of pelitic metasedimentary rocks, too thin to show at map scale, are interbedded with 
wacke (unit Xw).  North of Cleator, protoliths are metamorphosed to quartz-feldspar-
muscovite-biotite schist.  South of Cleator, and around Crazy Basin Granite, protoliths 
metamorphosed to quartz-muscovite-biotite-andalusite-staurolite schist (DeWitt, 1976; 
Blacet, 1985; Argenbright, 1986).  Sillimanite locally developed adjacent to Crazy 
Basin Granite.  Thickness difficult to estimate because of isoclinal folding, but prob-
ably in kilometers.  Derived from weathering of Early Proterozoic volcanic and plutonic 
rocks of central Arizona province (Wooden and DeWitt, 1991), as shown by low Th/U 
ratios and Pb isotopic compositions that have low 207Pb/204Pb ratios.  Shale-normalized 
REE patterns have moderate positive Eu anomaly (Cox and others, 1991; this study).


	 	 	 Similar rocks exposed northeast of Granite Mountain and north of Skull Valley.  
East of Tonto Wash, protoliths metamorphosed to quartz-feldspar-muscovite-biotite 
schist.  West of Tonto Wash, protoliths metamorphosed to quartz-muscovite-biotite-sil-
limanite schist.  Derived from weathering of Early Proterozoic volcanic and plutonic 
rocks of Mojave province (Wooden and DeWitt, 1991), as shown by high Th/U ratios 
and Pb isotopic compositions that have high 207Pb/204Pb ratios.  Shale-normalized REE 
patterns have small negative Eu anomaly.  Thickness difficult to estimate because of 
folding, but probably in kilometers.  Age of both sequences about 1,725–1,740 Ma


Xw	 Wacke—Metamorphosed wacke, sandstone, siltstone, and minor shale.  Exposed extens
ively around northern and eastern parts of Crazy Basin Granite (unit Xcb), near Cleator.  
Changes facies to the north, past Mayer, to include tuffaceous rocks east of Blue Bell 
mine.  Northeast of Mayer, facies change is to predominantly tuffaceous rocks.  North 
of Cleator, protoliths metamorphosed to quartz-feldspar-biotite schist.  South of Cleator, 
and around Crazy Basin Granite, protoliths metamorphosed to quartz-muscovite-	
biotite-andalusite schist.  Thickness difficult to estimate because of isoclinal folding, but 
probably in kilometers.  Derived from weathering of Early Proterozoic volcanic and plu-
tonic rocks of central Arizona province (Wooden and DeWitt, 1991), as shown by low 
Th/U ratios and Pb isotopic compositions that have low 207Pb/204Pb ratios.  Crude pattern 
of increasing Al


2
O


3
 with decreasing SiO


2
 shown by samples from east of Blue Bell mine 


to the south of Cleator (Anderson and Blacet, 1972b).  Shale-normalized REE patterns 
have moderate positive Eu anomaly (Cox and others, 1991; this study).


	 	 	 Similar rocks exposed northeast of Granite Mountain and north of Skull Valley.  
East of Tonto Wash, protoliths metamorphosed to quartz-feldspar-biotite schist.  West 
of Tonto Wash, protoliths metamorphosed to quartz-muscovite-biotite schist.  Derived 
from weathering of Early Proterozoic volcanic and plutonic rocks of Mojave province 
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(Wooden and DeWitt, 1991), as shown by high Th/U ratios and Pb isotopic composi-
tions that have high 207Pb/204Pb ratios.  Shale-normalized REE patterns have small 
negative Eu anomaly.  Thickness difficult to estimate because of folding, but probably in 
kilometers.  Age of both sequences about 1,725–1,740 Ma


Xs	 Other metasedimentary rocks—Metamorphosed wacke, siltstone, pelitic rocks, and minor 
tuff.  Exposed in far western part of map area, south of Stinson Mountain; south of Mt. 
Tritle and Lookout Mountain; and in far southern part of map area, on Silver Mountain.  
Thickness not determined


Xwp	 Wacke and pegmatite—Metamorphosed wacke, sandstone, and siltstone (unit Xw) cut by 
granite and pegmatite bodies related to Crazy Basin Granite (unit Xcb).  Exposed in 
core of Crazy Basin Granite, south of Horsethief Basin.  Wacke protoliths metamor-
phosed to quartz-feldspar-biotite-andalusite schist.  Thickness not determined


Xpa	 Pelitic sedimentary rocks and aplite-pegmatite—Metamorphosed siltstone, sandy shale, 
and minor wacke (unit Xp) cut by aplite and pegmatite bodies related to aplite-pegma-
tite (unit Xap).  Exposed near Tucker, north of Granite Mountain.  Pelitic protoliths 
metamorphosed to quartz-muscovite-andalusite schist.  Thickness not determined


Xwa	 Wacke and meta-andesite—Metamorphosed wacke (unit Xw) and andesite flows and tuff.  
Exposed on east side of Crazy Basin Granite (Jerome, 1956).  Wacke metamorphosed 
to quartz-feldspar-biotite schist.  Andesite metamorphosed to feldspar-actinolite-biotite-
quartz schist.  Andesite flows and tuff represent the youngest volcanic episode before 
wacke and pelitic sedimentary rocks covered the volcanic edifices.  Probable equivalent 
rocks on west side of Crazy Basin Granite include metabasalt flows and gabbro sills.  
Thickness of individual andesite flows, tens of meters


EARLY PROTEROZOIC METAVOLCANIC ROCKS OF KNOWN CHEMICAL COMPOSITION


[The central Bradshaw Mountains and the Black Hills contain extensive exposures of metavolcanic rocks 
that range in composition from basalt to rhyolite (Anderson and Creasey, 1958; Anderson and Blacet, 
1972b; DeWitt, 1979; Vance, 1989; Anderson, 1989a, b).  Mapped units of this study are based on chem-
istry, not published names, as the structure and stratigraphy of parts of the metavolcanic rocks are poorly 
known (DeWitt, 1979; Anderson, 1989b).  Published names are referred to where the volcanic stratigraphy 
is well known.  Descriptions that follow drop the prefix “meta-” when referring to rock type and chemistry.
	 Stratified metavolcanic and metasedimentary rocks in zones 2 and 3A north of the Chaparral high-
strain zone had been referred to as the Green Gulch Volcanics (Anderson and Blacet, 1972a, b).  Ander-
son (1989b) renamed rocks in those zones, as well as those in zones 3B and some in 4A, as being in the 
Bradshaw Mountains Group.  Stratified rocks south of the Chaparral shear zone in zones 4A and 4B were 
referred to as the Spud Mountain Volcanics (Anderson and others, 1971; Anderson and Blacet, 1972a, b).  
Anderson (1989) renamed rocks in those zones, as well as those in the western part of zone 4C, as being 
in the Mayer Group.  The Iron King Volcanics (Anderson and Blacet, 1972a, c) in zone 4C are included by 
Anderson (1989b) in the Mayer Group.  Stratified rocks in zones 5A and 5B, as well as those in the eastern 
part of zone 4C, were referred to as the Spud Mountain Volcanics (Anderson and Blacet, 1972c).  Anderson 
(1989b) renamed rocks in zones 5A and 5B as being in the Black Canyon Creek Group.  Nomenclature of 
stratified rocks in zones 6A and 6B remains much as proposed by Anderson and Creasey (1967) as being in 
the Ash Creek Group.
	 Some of the metavolcanic rocks are hydrothermally altered, especially those associated with volca-
nogenic massive deposits (O’Hara, 1987a; Vance and Condie, 1987; Lindberg, 1989; DeWitt, 1995).  Many 
of the felsic metavolcanic rocks are altered to such an extent that major-element classifications of them 
are not possible, and rock names (Vance, 1989) have been applied based on minor-element geochemistry, 
especially those names devised by Winchester and Floyd (1977), among others.  We utilize both major- and 
minor-element classifications in this report in order to show both the unaltered protolith and the type of 
alteration affecting the metavolcanic rocks.
	 Mafic metavolcanic rocks have been sampled more extensively than felsic metavolcanic rocks 
because of the hydrothermal alteration discussed in the preceding.  As a result, the summary geochemical 
diagrams (figs. 35 and 36) should not be used to calculate percentages of exposed rock types.
	 In the Bradshaw Mountains (zones 1–5), calcic to calc-alkalic basalt to basaltic andesite is the 
most widespread metavolcanic rock (fig. 35A).  Alkalic mafic rocks are not present.  Much of the basalt 
to basaltic andesite is sodic to very sodic (fig. 35C) and average to very Fe rich (fig. 35D).  Mafic samples 
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Figure 35.  Major-element classification summary diagrams for Early Proterozoic metavolcanic rocks in zones 1–5 in Bradshaw Moun-
tains.  Data from this study, Vance (1989), Anderson and Blacet (1972b), Anderson (1972), and Krieger (1965).  Data from Vance (1989) in 
red triangles.  Rock abbreviations and field boundaries defined in figure 2.  Red arrow indicates point lies outside of plot, in direction 
indicated.
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Figure 36.  Major-element classification summary diagrams for Early Proterozoic metavolcanic rocks in zone 6 in the Black Hills.  Data 
from this study, Vance (1989), and Anderson and Creasey (1958).  Data from Vance (1989) in red triangles.  Rock abbreviations and field 
boundaries defined in figure 2.  Red arrow indicates point lies outside of plot, in direction indicated.
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that plot as alkali-calcic have largely been affected by sodic alteration.  Sampled rocks that are intermedi-
ate in composition (andesite to dacite) are less abundant.  Sampled felsic metavolcanic rocks are commonly 
rhyodacite to rhyolite (fig. 35A; rhyolitic rocks not shown) that ranges from very sodic to average (fig. 35C) 
and that is average to Fe rich (fig. 35D).  Very Mg-rich rocks are nearly lacking.
	 In the Black Hills (zone 6), the compositions of metavolcanic rocks are different from those in 
the Bradshaw Mountains.  Basalts are nearly lacking; andesitic basalts are minor (fig. 36A).  Andesite and 
dacite are abundant and are calc-alkalic to alkali-calcic (fig. 36A), very sodic (fig. 36C), and very Fe rich 
(fig. 36D).  Rhyodacite and rhyolite are the most abundant rock types and are largely alkali-calcic to calc-
alkalic (fig. 36A), very sodic (fig. 36C), and average to very Fe rich (fig. 36D).  Potassic and very potassic 
rocks and Mg-rich and very Mg-rich rocks are lacking.
	 These chemical differences support the interpretation that the metavolcanic rocks in the Black 
Hills are distinct from those in the Bradshaw Mountains (Anderson and others, 1971; Anderson, 1989b) 
and probably were related to separate volcanic centers.  Age range of the metavolcanic rocks is probably 
1,740–1,765 Ma (Anderson and others, 1971; Bowring and others, 1986; Karlstrom and others, 1987).  
Thicknesses of various volcanic units change rapidly away from volcanic centers, making an estimate of the 
total thickness difficult to assess, but are undoubtedly in multiple kilometers.  Discussed from most mafic to 
most felsic, and portrayed in chemical diagrams from west (zone 1) to east (zone 6) (figs. 37–48).
	 Volcanic textures are preserved in all metavolcanic rocks that are below middle amphibolite facies.  
All of the rocks in the Black Hills are less foliated and less recrystallized than those in the Bradshaw Moun-
tains.  Metamorphic grade does not exceed greenschist facies in the Black Hills (Anderson and Creasey, 
1958; Gustin, 1988, 1990).  In the northern and central Bradshaw Mountains, metavolcanic rocks are at 
greenschist facies (Anderson and Blacet, 1972b; O’Hara, 1980).  Many rocks south of an approximate line 
from Cleator to Walnut Grove, and around the Crazy Basin Granite, are at amphibolite facies, and some 
volcanic textures have been obliterated (DeWitt, 1976; O’Hara, 1980).  Local areas of greenschist-facies 
rocks are preserved near Silver Mountain near south edge of map area.
	 Volcanic flows have unit symbols that indicate their composition (Xb for basalt).  Breccias have a 
unit symbol that indicates their composition and a numerical suffix that shows their brecciated nature (Xa1 
for andesitic breccia).  Tuffaceous units similarly have a suffix of 2 (Xd2 for dacitic tuff).  Intrusive volca-
nic units have a suffix of 3 (Xr3 for rhyolitic tuff).  Agglomeratic volcanic units have a numerical suffix of 4 
(Xb4 for basaltic tuff)]


Xb	 Basaltic flows—Fine- to medium-grained metamorphosed tholeiite, basalt, and minor ultra-
mafic rocks.  Includes some basaltic andesite where flows are interbedded with tholeiite 
and basalt.  Mafic phenocrysts minor, but where present are converted to amphibole 
and opaque oxide minerals.  Plagioclase phenocrysts minor, but present in metabasalt at 
head of Munds Draw (zone 6).  Exposed in zones 2 through 5; minor basalt in southern 
part of zone 6.


	 	 	 In zone 2, flows are exposed north of Kirkland, west and north of Granite Moun-
tain, in Sugarloaf Mountain area, and in area from Maverick Mountain to Mount Tritle.  
Flows in zone 2 are predominantly calcic to calc-alkalic tholeiite, basalt, and basaltic 
andesite (fig. 37A) that are very sodic to average in K/Na ratio (fig. 37C) and average to 
very Fe rich (fig. 37D).  Some andesite is present.  Flat chondrite-normalized REE pat-
terns indicate that flows in zone 2 are among the most primitive in Bradshaw Mountains 
(Ed DeWitt, unpub. data, 2002).


	 	 	 Zone 3A contains abundant flows from south of Spruce Mountain to Charcoal 
Gulch.  From Bigelow Peak to north of Walker, flows are mostly calc-alkalic andesitic 
basalt (fig. 38A).  Bigelow Peak area contains some of the most Mg-rich tholeiite in 
Bradshaw Mountains (fig. 38D).  All flows have chondrite-normalized REE patterns 
that have a slight light-rare-earth-element (LREE) enrichment and a minor negative Eu 
anomaly (Vance, 1989; this study).


	 	 	 Zone 4A contains abundant flows from Towers Mountain to the northern contact 
of the Minnehaha Granodiorite (newly named unit Xmh).


	 	 	 Flows and breccias in zones 4B and 4C extend from south of Humboldt area on 
the north to Silver Mountain on the south.  Flows west of the Iron King mine, extending 
from Spud Mountain to past the McCabe mine along Galena Gulch, are largely calc-
alkalic to calcic basaltic andesite (fig. 41A) that are sodic to average in K/Na ratio (fig. 
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Figure 37.  Major-element classification diagrams for unaltered Early Proterozoic metavolcanic rocks (units Xb and Xab) from zone 2 
in Bradshaw Mountains.  Data from this study.  Rock abbreviations and field boundaries defined in figure 2.  Location in parentheses is 
nearest named feature on map to listed locality.
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Figure 38.  Major-element classification diagrams for Early Proterozoic metavolcanic rocks (units Xb, Xa, and Xd) from zone 3A in 
Bradshaw Mountains.  Data from this study and Vance (1989).  Rock abbreviations and field boundaries defined in figure 2.  Rock names 
in brackets are those from Vance (1989), as based on minor-element classification scheme of Winchester and Floyd (1977):  Th, tholeiitic 
basalt; And-Bas, andesitic basalt; And, andesite.
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Figure 39.  Major-element classification diagrams for Early Proterozoic metavolcanic rocks (units Xb, Xba, Xa, and Xd) from zone 3B in 
Bradshaw Mountains.  Data from this study and Anderson and Blacet (1972b).  Rock abbreviations and field boundaries defined in figure 
2.  Location in parentheses is nearest named feature on map to listed locality.
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Figure 40.  Major-element classification diagrams for Early Proterozoic metavolcanic rocks (unit Xd2) from zone 4A in Bradshaw Moun-
tains.  Data from this study, Anderson and Blacet (1972b), Blacet (1985), and Vance (1989).  Rock abbreviations and field boundaries 
defined in figure 2.  Location in parentheses is nearest named feature on map to listed locality.  Rock name in brackets is from Vance 
(1989), as based on minor-element classification scheme of Winchester and Floyd (1977):  And, andesite.  Red arrow indicates point lies 
outside of plot, in direction indicated.
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Figure 41.  Major-element classification diagrams for Early Proterozoic metavolcanic rocks (units Xb, Xab, and Xd, possibly Xrd) from 
zone 4B in Bradshaw Mountains.  Data from this study, Anderson and Blacet (1972b), and Vance (1989).  Rock abbreviations and field 
boundaries defined in figure 2.  Location in parentheses is nearest named feature on map to listed locality.  Rock names in brackets are 
those from Vance (1989), as based on minor-element classification scheme of Winchester and Floyd (1977):  And-Bas, andesitic basalt; 
Th, tholeiitic basalt; And, andesite.
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Figure 42.  Major-element classification diagrams for Early Proterozoic metavolcanic rocks (units Xb and Xa) from zone 4C in Bradshaw 
Mountains.  Data from this study, Anderson and Blacet (1972b), Anderson (1972), Blacet (1985), Vrba (1980), and Vance (1989).  Rock 
abbreviations and field boundaries defined in figure 2.  Locations in parentheses are nearest named feature on map to listed mine or 
locality.  Rock names in brackets are those from Vance (1989), as based on minor-element classification scheme of Winchester and 
Floyd (1977):  Th, tholeiitic basalt; And, andesite.
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Figure 43.  Major-element classification diagrams for Early Proterozoic metavolcanic rocks (units Xb and Xa) from zone 5A in Bradshaw 
Mountains.  Data from this study, Anderson (1972), and Vrba (1980).  Rock abbreviations and field boundaries defined in figure 2.
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Figure 44.  Major-element classification diagrams for Early Proterozoic metavolcanic rocks (units Xb and Xa) from zone 5B in Bradshaw 
Mountains.  Data from this study, Anderson and Blacet (1972b), and Vance (1989).  Rock abbreviations and field boundaries defined in 
figure 2.  Locations in parentheses are nearest named feature on map to listed mine or locality.
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Figure 45.  Major-element classification diagrams for Early Proterozoic metavolcanic rocks (units Xb and Xa) of intermediate to mafic 
composition from zone 6A in the Black Hills.  Data from this study, Anderson and Creasey (1958), Wolfe (1983), and Vance (1989).  Rock 
abbreviations and field boundaries defined in figure 2.
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Figure 46.  Major-element classification diagrams for Early Proterozoic metavolcanic rocks of felsic to intermediate composition from 
zone 6A in the Black Hills and near Dugas.  Data from this study, Anderson and Creasey (1958), and Vance (1989).  Rock names in brack-
ets are those from Vance (1989), as based on minor-element classification scheme of Winchester and Floyd (1977):  Th, tholeiite; And, 
andesite; Dac, dacite.
	 A, R1R2 major-element classification diagram (De la Roche and others, 1980).  T Bas, trachybasalt; Lat Bas, latitic basalt; And-
Bas, andesitic basalt; T And, trachyandesite; Lat, latite; Lat And, lati-andesite; And, andesite; Tr, trachyte; Q Lat, quartz latite; Dac, dacite; 
Q Tr, quartz trachyte; Alk Rhy, alkali rhyolite; Rhy, rhyolite; R Dac, rhyodacite.  Fields of alkalinity from Fridrich and others (1998).
	 B–D, Field boundaries defined in figure 18.
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Figure 47.  Major-element classification diagrams for Early Proterozoic metavolcanic rocks (unit Xa) of intermediate to mafic composi-
tion from zone 6B in the Black Hills.  Data from this study, Anderson and Creasey (1958), Vance (1989), and Gustin (1990).  Rock abbrevia-
tions and field boundaries defined in figure 2.
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Figure 48.  Major-element classification diagrams for Early Proterozoic metavolcanic rocks (units Xa, Xd, Xrd, and Xr) of felsic to 
intermediate composition from zone 6B in the Black Hills.  Data from this study, Anderson and Creasey (1958), Vance (1989), and Gustin 
(1990).  Rock abbreviations defined in figure 46; field boundaries defined in figure 18.  Rock names in brackets are those from Vance 
(1989), as based on minor-element classification scheme of Winchester and Floyd (1977):  Dac, dacite; And, andesite; Bas-And, basaltic 
andesite; R Dac, rhyodacite.
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41C) and very Fe rich (fig. 41D).  Breccia bodies contained within the flows also are 
andesitic basalt that ranges from alkali-calcic to calcic (fig. 41A) and that are very sodic 
to sodic (fig. 41C) and very Fe rich (fig. 41D).  All these flows, except those that are 
high Ti, have chondrite-normalized REE patterns that have slight LREE enrichment and 
little to no Eu anomalies (Vance, 1989; this study).


	 	 	 Some flows east of Iron King mine are calc-alkalic to alkali-calcic andesitic 
basalt, but more are andesitic (fig. 41A).  Andesitic basalt is very sodic (fig. 41C) and Fe 
rich (fig. 41D), similar to flows at Spud Mountain.


	 	 	 Flows at Huron mine and east of Humboldt are calcic tholeiite to calc-alkalic 
basalt (fig. 41A) that is very sodic (fig. 41C) and average to very Fe rich (fig. 41D).  
Chondrite-normalized REE patterns of these flows are similar to those on Spud 	
Mountain.


	 	 	 Most flows in zone 4C are calc-alkalic basalt to calcic tholeiite (fig. 42A) that 
are very sodic (fig. 42C) and Mg rich to very Fe rich (fig. 42D).  REE patterns of such 
rocks in northern and central parts of zone have typical LREE enrichment and little or 
no Eu anomaly (Vance, 1989; this study).  Mafic rocks in southern part of zone, how-
ever, have relatively flat REE patterns, similar to those of basaltic rocks in zone 2.


	 	 	 Zones 5A and 5B contain minor basalt, principally along east side of Crazy 
Basin Granite, from southeast of Mayer to south edge of map area, and in Yarber Wash 
area.  In Townsend Butte and Bland Hill areas (zone 5A), basalt to tholeiite is most 
common, but minor ultramafic rocks are noted (fig. 43A).  Flows are predominantly 
very sodic to average in K/Na ratio (fig. 43C) and range widely in Fe/Mg ratio (fig. 
43D).  Calc-alkalic basalt and calcic tholeiite are also the most common flows in zone 
5B (fig. 44A).  Flows near contact with granophyre of Cherry are enriched in potassium 
(fig. 44C).  Most flows in zone 5B are average in Fe/Mg ratio (fig. 44D).  Flows near 
Cordes and Bland Hill have low concentrations of REE and relatively flat chondrite-	
normalized patterns.


	 	 	 The only basaltic flows in zone 6A are at far northwest end of Black Hills, near 
head of Munds Draw, and north of Squaw Peak, along south margin of Verde River 
valley.  Flows at Munds Draw are distinctly porphyritic, containing plagioclase pheno-
crysts.  Flows are calc-alkalic basalt to calcic tholeiite (fig. 45A) that is sodic to potassic 
(fig. 45C) and very Fe rich (fig. 45D).  REE abundances are among lowest of all basalts.  
Chondrite-normalized pattern is flat.  Flows in Squaw Creek Canyon are alkali-calcic to 
calc-alkalic basalt (fig. 45A) that range widely in K/Na ratio (fig. 45C) and are very Fe 
rich (fig. 45D)


Xb2	 Basaltic tuff—Fine- to medium-grained, metamorphosed basaltic tuff, basalt, and chemi-
cally precipitated tuffaceous rocks.  Exposed in zones 2, 3A, and 4C.  Mass south of 
Prescott (zone 2) is mixture of basaltic tuff and tuffaceous sedimentary rocks (Krieger, 
1965) and is largely feldspar-actinolite schist and interbedded quartz-feldspar-	
biotite schist.  Masses east of Lynx Creek and near head of Green Gulch (zone 3A) have 
protolith similar to that south of Prescott.  Large mass south of Mayer is mixture of thin 
basalt flows, interflow mafic tuff, and thin bodies of iron-formation and chert.  Unit 
probably extends north of Arizona highway 69.  Metamorphosed to actinolite-	
plagioclase-chlorite schist.  Mass north and south of Crown King (zone 4C) was 
predominantly a fine-grained calcareous mafic tuff that contained thin basalt flows 
(DeWitt, 1976).  Tuff metamorphosed to diopside-plagioclase-quartz-hornblende-gar-
net-epidote calc-silicate rock


Xb4	 Basaltic agglomerate—Fine- to medium-grained, metamorphosed basalt matrix and angular 
to subrounded clasts of chert, andesite, basalt, minor rhyolite, and calcareous rocks 
(DeWitt, 1979; Blacet, 1985).  Large mass exposed east of Blue Bell mine (zone 4C).  
Thickness 500–900 m.  Matrix is calc-alkalic basalt (fig. 42A) that is very sodic (fig. 
42C) and Mg rich (fig. 42D).  Smaller masses exposed at Tri-metals mine, north of 	
Russian well, and east of Rattlesnake Canyon (zone 5B).  Matrix near Tri-metals mine 
is calc-alkalic to calcic (fig. 44A), has large range in K/Na ratio (fig. 44C), and is aver-
age to Fe rich (fig. 44D).  Matrix has low concentration of REE and flat chondrite-	
normalized pattern (Vance, 1989; this study).  Thickness 20–50 m
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Xab	 Andesitic basalt flows—Fine- to medium-grained metamorphosed andesitic basalt and 
minor basalt and andesite.  Mafic phenocrysts minor, but where present are converted to 
amphibole and opaque oxide minerals.  Exposed in zones 3, 4, and 5.  Present in zone 2 
near Jersey Lily mine, but included within more extensive body of basalt.


	 	 	 Zone 3A contains abundant flows from south of Spruce Mountain to east of 
Lynx Creek.  North of Walker, flows are predominantly calc-alkalic basaltic andesite 
and alkali-calcic andesitic basalt (fig. 38A).  Sodic enrichment, or spilitization, has 
affected many of the mafic rocks (Vance, 1989).  Such spilitized rocks would plot below 
and to the left of their unaltered protoliths on figure 38A.  Even unaltered rocks are very 
sodic to sodic (fig. 38C).  All flows except one at Potato Patch have chondrite-normal-
ized REE patterns that have a slight REE enrichment and a minor negative Eu anomaly 
(Vance, 1989; this study).


	 	 	 One large mass of basaltic andesite near Cordes is average in K/Na ratio (fig. 
43C) and Fe rich (fig. 43D).  Lati-basalt near Cordes is result of spilitization of andesitic 
basalt to basalt (fig. 43A)


Xab1	 Andesitic basalt breccia—Fine- to medium-grained, metamorphosed basaltic andesite 
matrix and angular clasts of andesite and more felsic volcanic rocks (Anderson and 
Blacet, 1972b).  Exposed in large mass from Spud Mountain on the north to Big Bug 
Mesa on the south.  Flows within breccia are largely calc-alkalic to calcic basaltic 
andesite (fig. 41A) that is sodic to average in K/Na ratio (fig. 41C) and very Fe rich (fig. 
41D).  Breccia fragments within flows also are basaltic andesite that range from alkali-
calcic to calcic (fig. 41A) and that are very sodic to sodic (fig. 41C) and very Fe rich 
(fig. 41D).  All these flows, except those that are high Ti, have chondrite-normalized 
REE patterns that have slight LREE enrichment and little to no Eu anomalies (Vance, 
1989; this study)


Xa	 Andesitic flows—Fine- to medium-grained, metamorphosed andesite and minor andesitic 
basalt and dacite containing altered phenocrysts of feldspar.  Exposed in zones 2, 4, and 
5 in Bradshaw Mountains and in zone 6 in Black Hills and Dugas areas.  Body along 
Slate Creek (zone 2) contains some breccia fragments.  Andesitic rocks along Little 
Copper Creek and near Potato Patch included in andesitic basalt (unit Xab).


	 	 	 Body in zone 4B that extends from Iron King mine on the north to Little Bug 
Mesa on the south is predominantly calc-alkalic to alkali-calcic andesite (fig. 41A) that 
is very sodic (fig. 41C) and Fe rich to very Fe rich (fig. 41D).  Alkali-calcic basaltic 
andesite (fig. 41A) is interbedded with the andesite.  Included with this normal andesite 
are flows of high-Ti andesite to lati-andesite that are enriched in REE and form chon-
drite-normalized patterns that slope gently down from the LREE to the heavy rare-earth-
element (HREE) and that have minor to no negative Eu anomalies (Vance, 1989; this 
study).


	 	 	 A large area of andesite flows, tuffs, and interbedded chert and iron-formation 
crops out from Mayer to Crown King in zone 4C.  Andesite from near the Swastika 
mine is representative of the flows, which are calc-alkalic (fig. 42A), very sodic (fig. 
42C), and very Fe rich (fig. 42D).  Smaller areas of andesite are found east of Cordes to 
Mayer in zone 5A.


	 	 	 In the Black Hills (zone 6A), andesites are noted as bombs within tuffaceous 
rocks in Grapevine Gulch Formation along Yaeger Canyon (Vance, 1989).  Bombs are 
calc-alkalic (fig. 46A), very sodic to sodic (fig. 46C), and very Fe rich (fig. 46D).


	 	 	 The Shea Basalt (Anderson and Creasey, 1967), which crops out south of 
Jerome in zone 6B, is a distinctive high-Ti andesite to lati-andesite that is alkali-calcic 
to calc-alkalic (figs. 47A, 48A).  The Shea, which is very sodic (figs. 47C, 48C) and 
very Fe rich (figs. 47D, 48D), is cut by gabbro sills and dikes too small to be shown 
at map scale.  Limited data from altered samples of dikes and sills suggest an alkalic 
syenogabbro to syenodioritic composition that is Mg rich.  Gabbros of this composition 
are unknown from Early Proterozoic rocks (units Xgb, Xlgb, Xdi) in map area, but are 
present in Middle Proterozoic gabbro (unit Ygb).  A genetic relationship of the Shea to 
the gabbro bodies is possible, but unproven at present.
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	 	 	 Along Squaw Creek Canyon and to the south, along Verde River (zone 6A), 
calc-alkalic to alkali-calcic andesite (fig. 45A) is exposed that is sodic to very potassic 
(fig. 45C) and average to Fe rich (fig. 45D)


Xa1	 Andesitic breccia—Fine- to medium-grained, metamorphosed andesitic matrix and angu-
lar clasts of andesite and more felsic volcanic rocks (Anderson and Blacet, 1972b, c).  
Small body north of Mt. Elliott in zone 3A has matrix of calcic andesite to dacite (fig. 
38A) that has an average K/Na ratio (fig. 38C) and is average to Fe rich (fig. 38D).  
Small bodies of andesite breccia are exposed from Big Bug Mesa to west of Brady 
Butte in zones 4A and 4B.  Although rocks are altered, their minor-element composi-
tion indicates an andesitic composition.  A large mass of andesitic breccia extends from 
east of Humboldt to near Copper Mountain, east of Mayer.  Minor-element chemistry 
of rocks suggests a basaltic andesite to andesite.  Andesitic breccia in Grapevine Gulch 
Formation exposed north of Shylock mine in zone 6A has a matrix that is calc-alkalic 
(figs. 45A, 46A), predominantly very sodic to sodic (figs. 45C, 46C), and average to 
very Fe rich (figs. 45D, 46D)


Xa3	 Andesitic intrusive rocks—Fine-grained, porphyritic intrusive rock or flow dome contain-
ing phenocrysts of plagioclase and altered mafic mineral.  Exposed only south of Round 
Hill in zone 5B.  Andesite is alkali-calcic (fig. 44A), sodic (fig. 44C), and Mg rich (fig. 
44D)


Xd	 Dacitic flows—Fine-grained, porphyritic dacite containing phenocrysts of plagioclase.  
Flows and breccias exposed east of Climax mine in zone 2 and west of Lynx Lake in 
zone 3.  Minor dacite interbedded with basaltic andesite breccia north of Big Bug Mesa 
in zone 4B is calc-alkalic (fig. 39A), very sodic (fig. 39C), and very Fe rich (fig. 39D).  
Dacite interbedded with basalt and rhyolite at Blue Bell mine (zone 4C) is calcic to 
calc-alkalic (fig. 42A), very sodic (fig. 42C), and Mg rich (fig. 42D).  At Copper Moun-
tain, in zone 5A, dacite composition is inferred from minor-element chemistry.


	 	 	 Flows in Grapevine Gulch Formation in southern Black Hills (zone 6A) range 
from calcic dacite or rhyodacite to calc-alkalic andesite, and include minor rhyolite (fig. 
46A).  An average composition is dacite, but some flows may be rhyodacite.  Andesite 
and dacite or rhyodacite are sodic to average in K/Na ratio (fig. 46C) and very Fe rich 
(fig. 46D).


	 	 	 The Brindle Pup Andesite is a series of vesicular flows that have a fine-grained 
groundmass and conspicuous plagioclase phenocrysts.  Flows range in composition 
from calc-alkalic andesite to calcic rhyodacite (fig. 46A), and have an average composi-
tion of dacite.  Overall, flows are metaluminous to strongly peraluminous (fig. 46B), 
predominantly very sodic (fig. 46C), and predominantly Fe rich to very Fe rich (fig. 
46D)


Xd1	 Dacitic breccia—Fine-grained matrix of slightly porphyritic dacite containing plagioclase 
phenocrysts.  Abundant clasts of dacite and more felsic volcanic fragments.  Exposed 
around Copper Mountain, east of Mayer in zone 5B.  Dacitic composition inferred from 
minor-element chemistry


Xd2	 Dacitic tuff—Fine-grained matrix and abundant feldspar and quartz phenocrysts in crystal-
rich tuff.  Contains variable concentrations of felsic to intermediate-composition clasts.  
Has both welded and nonwelded characteristics where metamorphism has not destroyed 
original textures.


	 	 	 Largest mass exposed west of Battle Flat, on west side of Brady Butte Grano-
diorite, in zone 4A.  Contains abundant plagioclase phenocrysts and lesser partially 
resorbed quartz phenocrysts (Blacet, 1985).  Lithic fragments mostly of dacitic to 
andesitic composition.  Probably intertongues with andesitic material to the north.  
Composition ranges from calcic rhyodacite to calc-alkalic dacite (fig. 40A) that is 
metaluminous to slightly peraluminous (fig. 40B), very sodic to sodic (fig. 40C), and 
very Mg rich to average in Fe/Mg ratio (fig. 40D).  Mg-rich nature of dacite is atypical 
for unaltered rocks in Bradshaw Mountains and Black Hills, as most rocks are average 
to Fe rich (fig. 35D).  REE pattern has flat HREE segment and slightly enriched LREE 
and minor negative Eu anomaly (Vance, 1989; this study).  Major- and minor-element 
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chemistry of dacite closely resemble that of Minnehaha Granodiorite (newly named), 
suggesting that granodiorite may be subvolcanic equivalent of dacite.


	 	 	 Smaller bodies exposed north of Chaparral fault in zones 3A and 4B contain 
fewer phenocrysts of plagioclase and more lithic fragments (Krieger, 1965).  Tuff inter-
bedded with breccia beds.


	 	 	 Crystal- and lithic-rich tuff exposed along Tule Canyon, east of Dugas in zone 
6A, retains variable compaction and welding textures.  Tuff is a calc-alkalic dacite 
to rhyodacite (fig. 46A), and is more mafic toward the base.  Tuff is metaluminous to 
mildly peraluminous (fig. 46B), very sodic (fig. 46C), and Fe rich to very Fe rich (fig. 
46D).


	 	 	 Tuffaceous rocks in Grapevine Gulch Formation in southeastern Black Hills 
(zone 6A) contain mixed sedimentary units and contain clasts of rhyolite, dacite, and 
dark andesite.  Along Yaeger Canyon, on west side of Mingus Mountain, tuff contains 
mafic lithic material and hyaloclastite (Vance, 1989)


Xd3	 Dacitic intrusive rocks—Fine-grained, porphyritic to equigranular dacite containing phe-
nocrysts of plagioclase.  Exposed only in Grapevine Gulch Formation in southeastern 
Black Hills (zone 6A).  May grade into flows


Xrd	 Rhyodacitic flows—Fine-grained, porphyritic rhyodacite containing phenocrysts of quartz 
and feldspar.  Includes minor crystal-rich tuff and fragmental rhyodacite.  Exposed only 
in small bodies in zones 3A and 3B in Bradshaw Mountains, but widely exposed in 
southern Black Hills, north of Cherry.


	 	 	 Small bodies near the Poland-Walker Tunnel and along Big Bug Creek north of 
Big Bug Mesa are calc-alkalic (figs. 39A, 41A), predominantly very sodic (fig. 41C), 
and average to Fe rich (figs. 39D, 41D).  Similar bodies along Benjamin Gulch in zone 
3A are presumed to be calc-alkalic rhyodacite that is strongly peraluminous, very sodic, 
and very Fe rich.


	 	 	 In southern Black Hills, three major rock units have rhyodacitic composition.  
Dacite of Burnt Canyon contains vesicular flows having a fine-grained groundmass 
and phenocrysts of plagioclase and fine-grained quartz.  Flows range from alkali-calcic 
rhyodacite to calc-alkalic rhyodacite (fig. 46A), and are metaluminous to mildly peralu-
minous (fig. 46B), very sodic (fig. 46C), and Fe rich to very Fe rich (fig. 46D).  Relict 
phenocryst assemblage may indicate an overall andesitic composition (Vance, 1989).  
Felsic parts of Burnt Canyon flows are calcic rhyodacite (fig. 46A), strongly peralumi-
nous (fig. 46B), very sodic (fig. 46C), and predominantly average in Fe/Mg ratio (fig. 
46D).  Similarly, relict phenocryst assemblage may indicate an overall andesitic compo-
sition (Vance, 1989).


	 	 	 The Deception Rhyolite south of Brindle Pup mine has a fine-grained to apha-
nitic groundmass and phenocrysts of plagioclase and quartz.  Limited samples suggest 
that flows are calc-alkalic rhyodacite (fig. 48A) that is strongly peraluminous (fig. 48B), 
very sodic (fig. 48C), and average in Fe/Mg ratio (fig. 48D).  This rhyodacitic composi-
tion is slightly more mafic than that of least altered rocks in the Deception(?) Rhyolite 
near Jerome.


	 	 	 Rocks mapped as Gaddes Basalt are very heterogeneous and contain little to 
no basalt.  Major rock types consist of fine-grained, dark rhyodacite, dacite, spilitized 
andesite, and very minor basalt.  Most sampled units are calc-alkalic to calcic rhyoda-
cite (fig. 48A) that is metaluminous (fig. 48B), very sodic (fig. 48C), and Fe rich to very 
Fe rich (fig. 48D).


	 	 	 Rhyodacite flows are exposed on Marlow Mesa and along Gap Creek in zone 
6A.  Flows are calc-alkalic rhyodacite (fig. 45A) that is mildly peraluminous (fig. 45B), 
has a wide range in K/Na ratio (fig. 45C), and is average to very Fe rich (fig. 45D).


	 	 	 Age of Deception Rhyolite near Jerome was suggested to be about 1,770 Ma 
(Anderson and others, 1971), but that age was questioned by L.T. Silver in Conway and 
Karlstrom (1986).  Age of about 1,740 Ma (S.A. Bowring, unpub. U-Pb zircon data 
cited in Karlstrom and Bowring, 1991) may be more accurate


Xr	 Rhyolitic flows and pyroclastic rocks—Fine-grained, porphyritic rhyolite containing phe-
nocrysts of quartz and minor feldspar.  Includes small bodies of breccia and tuff, as well 
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as silicified and veined rhyolite that is not included in the hydrothermally altered rhyo-
lite related to massive sulfide mineralization (unit Xrh).  Some flows have extensively 
brecciated flow tops and margins, and are difficult to distinguish from bodies of breccia.  
Exposed throughout zones 1 through 6.  Particularly abundant in zone 5A along eastern 
margin of Crazy Basin Granite and in zone 6B in southern Black Hills.


	 	 	 Flows and minor tuff east of Climax mine in zone 2 are interbedded with dacite 
and more mafic rocks.  Bodies north of Spruce Mountain in zone 3A are mostly flows, 
but include some hypabyssal intrusive masses that cut basaltic andesite.  Limited data 
suggest that flows and hypabyssal bodies are calc-alkalic rhyolite to rhyodacite that is 
mildly peraluminous, very sodic, and Mg rich.


	 	 	 Thin flows and minor bodies of tuff north of Chaparral high-strain zone and near 
Lynx Creek in zone 3A range from calcic rhyolite to rhyodacite that is strongly peralu-
minous, very sodic, and very Mg rich to alkali-calcic rhyolite that is mildly peralumi-
nous, very sodic, and Fe rich (Vance, 1989; this study).


	 	 	 South of Chaparral high-strain zone, along Big Bug Creek, in zone 4B, bodies of 
rhyolite are interbedded with rhyodacite and minor tuff.  Least altered bodies of rhyolite 
range in composition from calcic rhyodacite to alkali-calcic rhyolite that is mildly per-
aluminous, ranges widely in K/Na ratio, and is average to Fe rich (Vance, 1989).  North 
of Big Bug Creek, near Mt. Elliott, limited data suggest presence of alkali-calcic rhyo-
lite to alkali rhyolite that is mildly peraluminous, average in K/Na ratio, and Fe rich.


	 	 	 Large bodies of rhyolite, breccia, and tuff are exposed from north of Crown 
King stock to southeast of Humboldt in zone 4C.  The largest bodies, near DeSoto mine 
and southeast of Round Hill, are silicified.  Limited data from smaller bodies north and 
west of Mayer suggest rhyolite is alkali-calcic, mildly peraluminous, sodic, and average 
in Fe/Mg ratio.


	 	 	 Largest concentration of rhyolite flows, tuffs, and variably silicified rhyolite 
in map area is along Black Canyon and within the Black Canyon high-strain zone, 
from near Cordes to past southern boundary of map area (Jerome, 1956; Anderson and 
Blacet, 1972c).  Silicification and loss of alkali metals make original composition of 
rhyolites difficult to ascertain.


	 	 	 Bodies of rhyolite near Cordes in zone 5A are fine-grained flows interbedded 
with andesite and basaltic andesite.  Rhyolite is calc-alkalic, mildly peraluminous, 
very sodic, and average to Fe rich.  Numerous bodies of rhyolite from southeast of 
Round Hill to west of Yarber Wash in zone 5B range from flows to hypabyssal intrusive 
masses.  Data are too limited to assess the chemistry of these rhyolite bodies.


	 	 	 Fine-grained to aphanitic flows and hypabyssal bodies are interbedded with tuff 
west of northern Black Hills, along Coyote Wash (zone 6A).  Limited data suggest that 
high-silica rhyolite is calc-alkalic, mildly peraluminous, very sodic, and Fe rich.


	 	 	 Porphyritic rhyolite containing quartz and minor plagioclase phenocrysts at Wil-
low Spring, east of Dugas in zone 6A, is alkali-calcic (fig. 46A), mildly peraluminous 
(fig. 46B), very sodic (fig. 46C), and average to very Fe rich (fig. 46D).


	 	 	 The Buzzard Rhyolite in southern Black Hills (zone 6B) is a flow-banded rock 
that contains phenocrysts of plagioclase and quartz.  Fragments of felsic volcanics are 
common in rhyolite, and breccia beds that lack matrix material are noted (Anderson and 
Creasey, 1958).  This high-silica rhyolite ranges from calcic to alkali-calcic (fig. 48A) 
and is mildly to strongly peraluminous (fig. 48B), very sodic (fig. 48C), and Mg rich to 
Fe rich (fig. 48D).


	 	 	 Cleopatra Formation (previously referred to as Cleopatra Quartz Porphyry) and 
Deception Rhyolite at Jerome are suggested to be as old as 1.76 Ga (Anderson and 	
others, 1971).  Newer determination of 1,738±0.5 Ma (S.A. Bowring, supplementary 
data in Slack and others, 2007) is preferred age of rhyolite


Xr1	 Rhyolitic breccia—Fine-grained to aphanitic rhyolite breccia and quartz-veined rhyolite.  
Exposed north of Blue Bell mine in zone 4C.  Other breccia bodies too small to be 
shown at map scale are at DeSoto mine, in zone 4C; southwest of Round Hill, in zone 
4C; at Copper Queen mine, to the southeast of Round Hill in zone 5B; and at Copper 
Mountain, east of Mayer in zone 5B.  Hydrothermally altered equivalent of similar 
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breccia is extensively exposed south of United Verde mine at Jerome, where it is part of 
Deception Rhyolite and Cleopatra Formation


Xr2	 Rhyolitic tuff—Fine-grained, porphyritic rhyolite containing abundant phenocrysts of par-
tially embayed quartz.  Particularly abundant in zones 5 and 6.  Silicified and leached of 
alkali metals in many outcrops.  Described as quartz porphyry in places (Anderson and 
Blacet, 1972c).


	 	 	 At Hackberry mine, south of Poland Junction in zone 4B, and extending to the 
north, crystal-poor tuff contains fragments of felsic volcanic rocks and minor andesite.


	 	 	 Along Black Canyon, from Townsend Butte on the north to past southern bound-
ary of map area, thick sequences of crystal-rich tuff are interbedded with rhyolite flows 
and flows of felsic composition.  Some bodies of tuff could be hypabyssal intrusive 
rocks.  Silicified and leached of alkali metals in many outcrops, as are similar rocks 
north of Townsend Butte (O’Hara, 1987b).  Alteration to clay-rich protolith in Early 
Proterozoic facilitated development of high-strain zone along thick sequence of tuff dur-
ing regional metamorphism and deformation.  Least altered tuff is calc-alkalic rhyolite 
that is strongly peraluminous, very sodic, and very Fe rich.


	 	 	 Largest body of tuff is exposed northeast of Mayer, from near Round Hill to 
west of Copper Mountain.  This tuff is less altered than those along Black Canyon; 
therefore, high-strain zones not developed here as opposed to zones along Black Can-
yon.  Least altered tuff northwest of Copper Mountain is strongly peraluminous, calc-
alkalic to calcic, average to potassic, and average in Fe/Mg ratio.


	 	 	 Bodies of tuff interbedded with Shea Basalt south of Jerome, near Copper Chief 
mine, were referred to as quartz porphyry (Anderson and Creasey, 1958).  Least altered 
rocks are alkali-calcic to calc-alkalic rhyolite that is slightly peraluminous, very sodic, 
and average to Fe rich.


	 	 	 South of United Verde mine, along Hull Canyon, relatively unaltered tuff is 
interbedded with breccia beds.  Some of this tuff is part of Cleopatra Quartz Porphyry 
or Cleopatra Formation (Anderson and Creasey, 1958; Anderson and Nash, 1972) that 
hosts the massive sulfide ore at the mine.  Other tuff is stratigraphically above beds 
that host massive sulfide ore (Gustin, 1990).  Least altered tuff in the Cleopatra that 
hosts ore is calc-alkalic rhyolite that is mildly to strongly peraluminous, very sodic, and 
average to very Fe rich (Vance and Condie, 1987).  Deception Rhyolite has moderate 
negative Eu anomaly, similar to that in Buzzard Rhyolite (Vance, 1989).  Least altered 
tuff in beds above the Cleopatra is silicified and strongly peraluminous, very sodic, and 
very Mg rich (Gustin, 1990).


	 	 	 Age of rhyolite tuff along Big Bug Creek north of Big Bug Mesa in zone 3B 
about 1,750 Ma (Anderson and others, 1971)


Xr3	 Rhyolitic intrusive rocks—Fine-grained, equigranular to slightly porphyritic, irregularly 
shaped masses containing quartz phenocrysts.  Includes large discordant mass west 
of Yarber Wash in zone 5B and smaller discordant bodies in Grapevine Gulch Forma-
tion in southern Black Hills of zone 6A.  Intrusive rhyolitic rocks have large negative 
Eu anomalies, which distinguish them from other rhyolitic rocks, such as Buzzard and 
Deception Rhyolites (Vance, 1989)


EARLY PROTEROZOIC HYDROTHERMALLY ALTERED METAVOLCANIC ROCKS RELATED TO  
VOLCANOGENIC MASSIVE SULFIDE DEPOSITS


Xbh	 Altered basaltic rocks—Silicified, epidotized, and slightly chloritized rock exposed in 
irregularly shaped zones.  Alkali metals strongly leached to produce Al-rich rock 
containing andalusite and sillimanite at Huron mine, south of Humboldt, in zone 4C 
(O’Hara, 1987a)


Xah	 Altered andesitic rocks—Chloritized rock exposed in lenticular to irregularly shaped areas.  
Exposed west of Mayer in zone 4C, southwest of Cordes Junction in zone 5A, and near 
Copper Mountain in zone 5B.  Altered rocks west of Mayer grade upward into silicified 
andesite and rhyolite.  South of Jerome, in zone 6B, chloritized rocks are either altered 
andesite or altered rhyolite (Lindberg and Jacobson, 1974; Lindberg, 1989; Anderson, 
1989b)
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Xdh	 Altered dacitic rocks—Chlorite-rich rocks having extensive iron stain caused by oxidation 
of sulfide minerals.  Exposed in large area from Copper Mountain to Stoddard Spring in 
zone 5B.  Smaller area exposed along Big Bug Creek, southeast of Mayer


Xd1h	 Altered dacitic breccia—Chlorite-rich breccia beds in Deception Rhyolite south of Jerome 
in zone 6B


Xrh	 Altered rhyolitic and pyroclastic rocks—Chlorite-rich rocks having extensive iron stain 
caused by oxidation of sulfide minerals.  Includes chloritized rhyolite at DeSoto and 
Blue Bell mines in zone 4C and chloritized rhyolite at Binghampton mine south of 
Round Hill in zone 5B (fig. 49).


	 	 	 South of Jerome, in zone 6B, includes chloritized Deception Rhyolite beneath 
United Verde massive sulfide deposit (Anderson and Nash, 1972; DeWitt, 1989; 
Lindberg, 1989).  Least altered Deception Rhyolite (A/CNK ratio of 1.1; fig. 49B) is 
progressively converted into strongly peraluminous (A/CNK ratio of 2–4) in distal zone; 
into Mg-rich rock (A/CNK ratio of 4–20) in proximal zone; and into chlorite schist 
(A/CNK ratio of 45–300) beneath massive sulfide ore body (Vance and Condie, 1987; 
Gustin, 1990).  Deception Rhyolite that originally was calc-alkalic (fig. 49A) becomes 
strongly calcic in distal zone; plots to right of the classification diagram in proximal 
zone; and returns to a composition of trachybasalt to latitic basalt in chlorite schist 
(fig. 49A).  Deception Rhyolite that was very sodic becomes very potassic in distal 
and proximal zones; and remains in very potassic field in the chlorite schist (fig. 49C).  
Rhyolite that was very Fe rich becomes very Mg rich with progressive alteration (fig. 
49D).  Chlorite schist shows apparent REE, Y, and Zr enrichment, which is probably 
due to volume reduction of Deception Rhyolite during hydrothermal alteration (Vance 
and Condie, 1987)


Xr1h	 Altered rhyolitic breccia—Chlorite-rich breccia beds in Deception Rhyolite south of 
Jerome in zone 6B.  Similar pattern of chemical alteration as in altered rhyolite


Xr2h	 Altered rhyolitic tuff—Chlorite-rich crystal tuff of Cleopatra Formation south of Jerome 
in zone 6B.  Similar pattern of chemical alteration as in altered rhyolite.  Also includes 
muscovite- and quartz-rich rocks derived from tuff and crystal-rich rhyolite tuff.  Crops 
out as elongate to circular areas zoned from muscovite-rich margins to quartz-rich core.  
Exposed east and southeast of Townsend Butte


Xh	 Altered rocks—Chlorite-rich rocks derived from protolith too altered to determine with 
available data.  Exposed along Logan Wash, northwest of Skull Valley in zone 2, and 
southwest of Iron King mine in zone 4B.  Chloritic rocks at Logan Wash are among the 
most Mg rich of all samples from alteration zones (fig. 49D)


EARLY PROTEROZOIC METAVOLCANIC ROCKS OF APPROXIMATELY KNOWN CHEMICAL COMPOSITION


[Mafic to felsic metavolcanic flows, breccias, and tuffs.  Mapped where rock textures and mineralogy 
indicate metavolcanic protolith, but where chemical analyses are lacking.  Age assumed similar to that of 
metavolcanic rocks of known chemical composition]


Xmv	 Mafic rocks—Includes probable andesite, basaltic andesite, and basalt flows and minor 
breccias.  Primarily basalt flows are exposed along west side of Mint Wash Granodiorite 
in zone 2.  Basalt and andesite flows and inferred andesitic breccias are exposed along 
west side of large gabbro on Sugarloaf Mountain in zone 2.  Basalt to andesite flows 
are exposed south of Pine Mountain, in far southeast corner of map area.  Basalt flows 
and minor dacite bodies are exposed in a large area north of Squaw Peak on south rim 
of Verde River valley.  Basalt and andesite exposed in canyon of Agua Fria River, south 
of Richinbar mine, near southern boundary of map area.  In northern part of that area, 
extensive metagabbro bodies cut the basalt and are locally more abundant than the mafic 
metavolcanic rocks


Xam	 Amphibolite—Amphibole-plagioclase schist.  Probable protolith of basalt.  Largest expo-
sures north of Cottonwood Mountain in far western part of map area and northwest of 
Prescott, within Prescott Granodiorite


Xiv	 Intermediate-composition rocks—Includes probable dacite and andesite flows and minor 
breccias.  Dacite abundant along Logan Wash, northwest of Skull Valley in zone 1, and 
north of Boston-Arizona mine in zone 2.  Andesite flows and tuff exposed southeast 
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Figure 49.  Major-element classification diagrams for hydrothermally altered Early Proterozoic felsic metavolcanic rocks (units Xrh 
and Xr2h) south of Jerome, stratigraphically beneath United Verde massive sulfide deposit.  Data from Vance and Condie (1987), Vance 
(1989), Gustin (1990), and this study.  Rock abbreviations defined in figure 46; field boundaries defined in figure 18.  Alteration zones from 
Vance (1989).  Note change in scale of X and Y axes in B, C, and D.  Dotted blue line with arrow shows overall trend of chemical change 
during progressive alteration of rhyolite to chlorite schist.  Two-letter abbreviations are altered rhyolite from massive sulfide deposits 
or prospects in Bradshaw Mountains:  BH, Binghampton mine; ST, Stoddard mine; LW, Logan Wash prospect; BB, Blue Bell mine.  Red 
arrow indicates point lies outside of plot, in direction indicated. 
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of Slate Creek in zone 3B.  Dacite tuff and andesite breccia exposed along and south 
of Crooks Canyon in zone 3B.  A large area, mapped only in reconnaissance, north of 
Horse Mountain and along Blind Indian Creek, in zone 4A, contains tuff and minor 
dacite flows.  Andesite and dacite flows and interbedded tuff are exposed on southeast 
shoulder of Silver Mountain in zone 4C.  Small bodies of andesite are exposed along 
Black Canyon in zone 5A


Xfv	 Felsic rocks—Includes probable rhyodacite and rhyolite, as well as thin beds of chemi-
cally precipitated sedimentary rocks such as iron-formation and chert.  Largest expo-
sure along Black Canyon in zone 5A, where rhyolite and minor sedimentary rocks are 
mapped (Jerome, 1956).  Highly strained, peraluminous metavolcanic rocks are prob-
ably crystal tuff and minor hypabyssal sills.  Rhyodacite is locally abundant along Gap 
Creek in zone 6, but outcrops also include mafic metavolcanic rocks and iron-formation 
(Wolfe, 1983).  Rhyodacite is calc-alkalic (fig. 45A), very sodic (fig. 45C), and average 
in Fe/Mg ratio (fig. 45D)


EARLY PROTEROZOIC METATUFFACEOUS, CHEMICALLY PRECIPITATED, AND GNEISSIC ROCKS


[Metavolcanic, metasedimentary, tuffaceous, and chemically precipitated rocks.  Also includes mixtures of 
these rocks and plutonic rocks.  Age of metavolcanic, tuffaceous, and chemically precipitated rocks pre-
sumed to be similar to that of metavolcanic rocks of known chemical composition]


Xt	 Tuffaceous metasedimentary rocks—Fine-grained felsic to intermediate-composition tuff 
and interbedded metasedimentary rocks.  Numerous exposures in zones 2–6; particu-
larly abundant in zone 4 where referred to as part of Spud Mountain Formation (Ander-
son and Blacet, 1972a) and in zone 6 as part of Grapevine Gulch Formation (Anderson 
and Creasey, 1967).  Thickness difficult to estimate because of variable intensity of 
folding.


	 	 	 South of Slate Creek in zone 2, unit contains much tuff of dacitic composition 
and discontinuous beds of iron-formation.  Tuff extends past west edge of map into 
Zonia mine area, where it is interbedded with felsic to intermediate-composition flows.


	 	 	 West of Lynx Creek in zone 3A, unit is a mixture of andesitic to rhyolitic tuff 
and minor chemically precipitated metasedimentary rocks.


	 	 	 Along and south of Chaparral high-strain zone, from Spud Mountain on the 
north to past Big Bug Mesa on the south, in zone 4A, dacitic tuff is interbedded with 
minor andesitic tuff.  Farther south, west of Battle Flat, this tuff is present on the side of 
dacite crystal tuff (unit Xd2).  Southeast of Iron King mine, and extending between Big 
Bug Mesa and Little Mesa, in zone 4A, dacitic to rhyodacitic tuff contains minor andes-
itic material.  On west side of southern part of Brady Butte Granodiorite in zone 4A, 
dacitic to rhyodacitic tuff is interbedded with minor sedimentary rocks.  South of Crown 
King to Silver Mountain in zone 4C, tuff contains much sedimentary material and thin 
beds of iron-formation and chert.


	 	 	 A large exposure of tuff extends from east of Humboldt on the north to east of 
Mayer on the south (zones 4C and 5B).  Predominantly volcanic in the north, the tuff 
contains an increasing percentage of wacke material to the south.  Apparently, tuff 
grades into wacke (unit Xw) southeast of Blue Bell mine.


	 	 	 Much of Grapevine Gulch Formation in southwestern Black Hills (zone 6A) is 
fine-grained siliceous sedimentary rocks and tuff.  Fine-grained siliceous tuff is exposed 
along east side of Lonesome Valley


Xi	 Iron-formation, metachert, and siliceous metavolcanic rocks—Thin and laterally discon-
tinuous beds of oxide-facies iron-formation, impure marble, metachert, and silicified 
felsic metavolcanic rocks.  Abundant in zone 4C, between Humboldt on the north and 
Crown King on the south, where interbedded with mafic to felsic metavolcanic rocks.  
Thickness does not exceed tens of meters.  Thick and laterally more continuous sulfide-
facies iron-formation in isoclinally folded, thinly bedded units south of Mayer in zone 
4C.  Thickness probably originally 50–100 m


Xgn	 Gneiss—Compositionally layered, strongly metamorphosed and deformed metavolcanic to 
metasedimentary rocks and minor plutonic material.  Mostly quartz-feldspar-biotite-	
epidote-amphibole gneiss and feldspar-biotite-quartz gneiss.  Exposed only along 	
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Table 1.  Geochronologic data, in order of increasing age, for the map area


30’ x 60’	 Sample	 Type of	 Mineral or	 Age	 Uncertainty	 Rock name	 Map unit5	 Primary reference6	 Notes   	
quadrangle1	 number	 analysis2	 material	 (Ma)	 (Ma)	 or location4      	
			   analyzed3     	


Prescott	 CD2	 K-Ar	 WR	 4.6	 0.2	 Perkinsville	 Tby	 McKee and Anderson (1971)	
Prescott	 PA3	 K-Ar	 WR	 4.6	 0.2	 Perkinsville	 Tby	 McKee and Anderson (1971)	
Prescott	 CD4	 K-Ar	 WR	 4.8	 0.2	 Perkinsville	 Taby	 McKee and Anderson (1971)	
Prescott	 CD7	 K-Ar	 WR	 4.96	 0.2	 Perkinsville	 Taby	 McKee and Anderson (1971)	
Sedona	 UAKA-unknown	 K-Ar	 WR	 5.45	 0.18	 Verde	 Taby	 Donchin (1983)	
Williams	 BA-78-82	 K-Ar	 WR	 5.5	 0.2	 In East Juniper Mts	 Tby	 Goff and others (1983)	
Sedona	 UAKA-unknown	 K-Ar	 WR	 5.66	 0.17	 Verde	 Taby	 Donchin (1983)	
Sedona	 VV1	 K-Ar	 WR	 5.68	 0.2	 Verde	 Taby	 McKee and Anderson (1971)	
Sedona	 UAKA-71-39	 K-Ar	 glass	 5.69	 0.22	 Verde	 Tvg	 Scarborough (1975)	
Williams	 BA-78-90	 K-Ar	 WR	 6.2	 0.3	 In East Juniper Mts	 Tby	 Goff and others (1983)	
Sedona	 UAKA-71-22	 K-Ar	 glass	 6.24	 1.0	 Verde	 Tve	 Scarborough (1975)	
Prescott	 PA2	 K-Ar	 WR	 6.26	 0.3	 Perkinsville	 Tby	 McKee and Anderson (1971)
Sedona	 UAKA-77-72	 K-Ar	 WR	 6.4	 0.25	 At Horse Mesa	 Taby	 Pierce and others (1979)	
Sedona	 UAKA-77-75	 K-Ar	 WR	 6.55	 0.23	 At Slide Rock	 Taby	 Pierce and others (1979)	
Payson	 B2	 K-Ar	 WR	 7.4	 1.9	 Thirteenmile	 Tbo	 McKee and Elston (1980)	
Payson	 A4a	 K-Ar	 WR	 7.7	 0.8	 Thirteenmile	 Thb	 McKee and Elston (1980)	 Location inaccurate; 
	 	 	 	 	 	 	 	 	 	   plots in Hickey Fm. 
Payson	 UKA-71-19	 K-Ar	 glass	 7.8	 0.23	 Verde	 Tvg	 Scarborough (1975)	
Payson	 T-1	 K-Ar	 bt	 7.9	 0.5	 Thirteenmile	 Tdo	 McKee and Elston (1980)	
Prescott	 CD6	 K-Ar	 WR	 8.0	 0.3	 Perkinsville	 Taby	 McKee and Anderson (1971)	
Sedona	 MM-2A	 K-Ar	 WR	 8.15	 0.3	 At Oak Creek	 Tbo	 McKee and McKee (1972)	
Payson	 B1	 K-Ar	 WR	 8.3	 2.2	 Thirteenmile	 Tbo	 McKee and Elston (1980)	
Payson	 B3	 K-Ar	 WR	 8.3	 0.8	 Thirteenmile	 Tbo	 McKee and Elston (1980)	
Payson	 B5	 K-Ar	 WR	 8.3	 0.5	 Thirteenmile	 Tbo	 McKee and Elston (1980)	
Payson	 B-1	 K-Ar	 WR	 8.5	 1.3	 Thirteenmile	 Tdo	 McKee and Elston (1980)	
Payson	 UAKA-73-162	 K-Ar	 WR	 9.18	 0.28	 Thirteenmile	 Tbo	 Pierce and others (1979)	 Location 
	 	 	 	 	 	 	 	 	 	   approximate.
Payson	 B7	 K-Ar	 WR	 9.2	 0.4	 Thirteenmile	 Tbo	 McKee and Elston (1980)	
Payson	 T6	 K-Ar	 WR	 9.3	 0.4	 Thirteenmile	 Tbo	 McKee and Elston (1980)	 No location.
Sedona	 UAKA-77-162	 K-Ar	 WR	 9.66	 0.35	 Thirteenmile	 Dike in Tbo	 Pierce and others (1979)	 East of map.
Williams	 NPB-1	 K-Ar	 hb	 9.8	 0.7	 At Picacho Butte	 Trdo	 Goff and others (1983)	 North of map.
Payson	 B8	 K-Ar	 WR	 10.0	 0.7	 Hickey	 Thb	 McKee and Elston (1980)	 .
Payson	 B9	 K-Ar	 WR	 10.0	 0.7	 Hickey	 Thb	 McKee and Elston (1980)	
Payson	 B11	 K-Ar	 WR	 10.2	 0.4	 Hickey	 Thb	 McKee and Elston (1980)
Bradshaw	 MY8	 K-Ar	 WR	 10.4	 0.4	 Hickey	 Thb	 McKee and Anderson (1971)
Payson	 B10	 K-Ar	 WR	 10.4	 0.8	 Hickey	 Thb	 McKee and Elston (1980)
Sedona	 UAKA-77-164	 K-Ar	 WR	 10.57	 0.31	 Thirteenmile	 Tbo	 Pierce and others (1979)
Bradshaw	 unknown	 K-Ar	 WR	 10.6	 	 Hickey	 Thb	 Leighty (1997)
Bradshaw	 MY6	 K-Ar	 WR	 10.7	 0.4	 Hickey	 Thb	 McKee and Anderson (1971)
Payson	 T13	 K-Ar	 bt	 10.7	 0.6	 Hickey	 Thb	 McKee and Elston (1980)
Payson	 B12	 K-Ar	 WR	 11.3	 2.6	 Hickey	 Thb	 McKee and Elston (1980)
Payson	 T14	 K-Ar	 bt	 11.3	 0.7	 Hickey	 Thb	 McKee and Elston (1980)
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Table 1.  Geochronologic data, in order of increasing age, for the map area.—Continued


30’ x 60’	 Sample	 Type of	 Mineral or	 Age	 Uncertainty	 Rock name	 Map unit5	 Primary reference6	 Notes   	
quadrangle1	 number	 analysis2	 material	 (Ma)	 (Ma)	 or location4      	
			   analyzed3     	


Payson	 B23	 K-Ar	 WR	 11.3	 1.8	 Hickey	 Thb	 McKee and Elston (1980)
Bradshaw	 MY7	 K-Ar	 WR	 11.35	 1.8	 Hickey	 Thb	 McKee and Anderson (1971)
Sedona	 MM3A	 K-Ar	 WR	 11.4	 0.5	 Hickey	 Thb	 McKee and McKee (1972)	 Northeast(?) of 
	 	 	 	 	 	 	 	 	 	   Casner Butte.
Payson	 B22	 K-Ar	 WR	 11.5	 0.8	 Hickey	 Thb	 McKee and Elston (1980)
Payson	 B24	 K-Ar	 WR	 11.5	 0.4	 Hickey	 Thb	 McKee and Elston (1980)
Payson	 B17b	 K-Ar	 WR	 11.6	 0.3	 Hickey	 Thb	 McKee and Elston (1980)
Payson	 B18	 K-Ar	 WR	 11.6	 0.6	 Hickey	 Thb	 McKee and Elston (1980)
Payson	 B19	 K-Ar	 WR	 11.6	 0.2	 Hickey	 Thb	 McKee and Elston (1980)
Prescott	 MM2	 K-Ar	 WR	 11.9	 0.5	 Hickey	 Thb	 McKee and Anderson (1971)	
Payson	 B15	 K-Ar	 WR	 12.0	 1.3	 Hickey	 Thb	 McKee and Elston (1980)	
Payson	 B16	 K-Ar	 WR	 12.0	 1.2	 Hickey	 Thb	 McKee and Elston (1980)	
Sedona	 PED-29-66	 K-Ar	 WR	 12.1	 1.3	 Hickey	 Thb	 Pierce and others (1979)	 Location 
	 	 	 	 	 	 	 	 	 	   approximate.
Sedona	 	 K-Ar	 WR	 12.2	 	 Hickey	 Thb	 Damon (1968)	 East of map.
Bradshaw	 MM3	 K-Ar	 WR	 12.9	 2.2	 Hickey	 Thb	 Damon (1968)	 Unknown location.
Payson	 B21	 K-Ar	 WR	 13.1	 2.2	 Hickey	 Thb	 McKee and Elston (1980)	
Prescott	 UAKA-67-09	 K-Ar	 WR	 13.2	 0.8	 Hickey	 Thb	 Shafiqullah and others (1980)	
Prescott	 PR3	 K-Ar	 WR	 13.4	 0.5	 Hickey	 Thb	 McKee and Anderson (1971)	
Bradshaw	 MY5	 K-Ar	 WR	 13.47	 0.5	 Hickey	 Thb	 McKee and Anderson (1971)	
Prescott	 MM1	 K-Ar	 WR	 13.7	 0.5	 Hickey	 Thb	 McKee and Anderson (1971)	
Sedona	 	 K-Ar	 WR	 13.75	 	 Hickey	 Thb	 Damon (1968)	 Location 
	 	 	 	 	 	 	 	 	 	   approximate.
Prescott	 PR2	 K-Ar	 WR	 13.8	 0.5	 Hickey	 Thb	 McKee and Anderson (1971)	
Sedona	 UAKA-66-55	 K-Ar	 WR	 13.9	 0.3	 Hickey	 Thb	 Shafiqullah and others (1980)	
Bradshaw	 MU2	 K-Ar	 WR	 13.9	 0.5	 Hickey	 Thb	 McKee and Anderson (1971)	
Prescott	 CD1	 K-Ar	 WR	 14.32	 0.6	 Hickey	 Thb	 McKee and Anderson (1971)	
Sedona	 	 K-Ar	 WR	 14.6	 	 Hickey	 Thb	 Ranney (1988)	
Sedona	 UAKA-77-168	 K-Ar	 WR	 14.6	 0.4	 Hickey	 Thb	 Pierce and others (1979)	
Sedona	 MM3B	 K-Ar	 WR	 14.7	 0.6	 Hickey	 Thb	 McKee and McKee (1972)	 Northeast(?) of 
	 	 	 	 	 	 	 	 	 	   Casner Butte.
Bradshaw	 UAKA-76-26	 K-Ar	 bt	 14.9	 0.33	 At Gabarina Hill	 Tr	 Christman (1978)	
Prescott	 A-43 or MM4	 K-Ar	 bt	 15.0	 1.1	 Hickey	 Tht	 Krieger and others (1971)	
Bradshaw	 K3	 K-Ar	 bt	 15.0	 0.5	 Milk Creek	 Tmcd	 McKee and Anderson (1971)	
Bradshaw	 K2	 K-Ar	 bt	 15.2	 0.5	 Milk Creek	 Tmcd	 McKee and Anderson (1971)	
Sedona	 ES-64	 K-Ar	 WR	 15.4	 2.1	 Hickey	 Thb	 Eberly and Stanley (1978)	
Bradshaw	 MY1	 K-Ar	 hb	 18.9	 0.5	 Hickey	 Tht	 McKee and Anderson (1971)	 May be in unit Tla.
Prescott	 UAKA-76-90	 K-Ar	 WR	 21–28	 0.51	 Sullivan Buttes	 Tla	 Shafiqullah and others (1980)	
Prescott	 A-43 or PA5	 K-Ar	 bt	 24.0	 1.0	 Sullivan Buttes	 Tlal	 Krieger and others (1971)	
Williams	 	 K-Ar	 WR	 24.4	 1.2	 In East Juniper Mts	 Tla	 Goff and others (1983)	
Bradshaw	 89-23	 FT	 ap	 25	 2	 Government Canyon	 Xgc	 Foster and others (1993)	 Reheating or uplift 
	 	 	 	 	 	 	 	 	 	   age.
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Prescott	 A-44 or PA4	 K-Ar	 hb	 27.3	 1.1	 Sullivan Buttes	 Tlal	 Krieger and others (1971)	
Bradshaw	 89-25	 FT	 ap	 30	 3	 Government Canyon	 Xgc	 Foster and others (1993)	 Reheating or uplift 
	 	 	 	 	 	 	 	 	 	   age.
Williams	 	 K-Ar	 bt	 32.0	 2	 In East Juniper Mts	 Tla	 Goff and others (1983)	
Bradshaw	 89-24	 FT	 ap	 33	 2	 Government Canyon	 Xgc	 Foster and others (1993)	 Reheating or uplift 
	 	 	 	 	 	 	 	 	 	   age.
Williams	 	 K-Ar	 bt	 36.1	 1.2	 In East Juniper Mts	 Tla	 Goff and others (1983)	
Prescott	 89-27	 FT	 ap	 42	 4	 Prescott	 Xpr	 Foster and others (1993)	 Uplift or cooling age.
Prescott	 89-26	 FT	 ap	 48	 3	 Prescott	 Xpr	 Foster and others (1993)	 Uplift or cooling age.
Bradshaw	 	 K-Ar	 bt	 64	 	 Walker	 Kt	 Anderson (1968)	
Bradshaw	 	 K-Ar	 bt	 64.7	 2.3	 Crown King	 Kt	 Armstrong, R.L., unpub. data, 
	 	 	 	 	 	 	 	 	   cited in Reynolds and others (1986).	
Prescott	 PK4	 FT	 ap	 67	 6	 Yava	 Yy	 Foster and others (1993)	 1047-m depth in 
	 	 	 	 	 	 	 	 	 	   PK-State A-1 well 
	 	 	 	 	 	 	 	 	 	   55-614743.
Bradshaw	 	 K-Ar	 bt	 70	 	 Big Bug	 Kt	 Anderson (1968)	
Bradshaw	 UAKA-76-25	 K-Ar	 hb	 72.6	 1.5	 Copper Basin	 Kt	 Christman (1978)	
Bradshaw	 UAKA-76-01	 K-Ar	 bt	 72.8	 1.5	 Copper Basin	 Kt	 Christman (1978)	
Bradshaw	 UAKA-76-01	 K-Ar	 hb	 72.9	 1.5	 Copper Basin	 Kt	 Christman (1978)	
Prescott	 PK6	 FT	 ap	 73	 5	 Yava	 Yy	 Foster and others (1993)	 1672-m depth in 
	 	 	 	 	 	 	 	 	 	   PK-State A-1 well 
	 	 	 	 	 	 	 	 	 	   55-614743.
Prescott	 PK7	 FT	 ap	 75	 9	 Yava	 Yy	 Foster and others (1993)	 1984-m depth in 
	 	 	 	 	 	 	 	 	 	   PK-State A-1 well 
	 	 	 	 	 	 	 	 	 	   55-614743.
Bradshaw	 UAKA-75-117	 K-Ar	 bt	 75.5	 1.6	 Copper Basin	 Kt	 Christman (1978)	
Prescott	 89-28	 FT	 ap	 80	 5	 Cherry	 Xch	 Foster and others (1993)	 Uplift age.
Prescott	 89-29	 FT	 ap	 91	 8	 Cherry	 Xch	 Foster and others (1993)	 Uplift age.
Prescott	 89-30	 FT	 ap	 91	 9	 Cherry	 Xch	 Foster and others (1993)	 Uplift age.
Prescott	 90-204	 FT	 ap	 94	 9	 Cherry	 Xch	 Foster and others (1993)	 Uplift age.
Prescott	 PK1	 FT	 ap	 104	 12	 Yava	 Yy	 Foster and others (1993)	 100-m depth in 
	 	 	 	 	 	 	 	 	 	   PK-State A-1 well 
	 	 	 	 	 	 	 	 	 	   55-614743.
Prescott	 89-31	 FT	 ap	 107	 11	 Cherry	 Xch	 Foster and others (1993)	 Uplift age.
Prescott	 PK5	 FT	 ap	 113	 10	 Yava	 Yy	 Foster and others (1993)	 13,559-m depth in 
	 	 	 	 	 	 	 	 	 	   PK-State A-1 well 
	 	 	 	 	 	 	 	 	 	   55-614743.
Prescott	 PK2	 FT	 ap	 133	 20	 Yava	 Yy	 Foster and others (1993)	 422-m depth in 
	 	 	 	 	 	 	 	 	 	   PK-State A-1 well 
	 	 	 	 	 	 	 	 	 	   55-614743.
Bradshaw	 UAKA-57-4	 K-Ar	 bt	 766	 25	 Prescott?	 Xpr?	 Shafiqullah and others (1980)	
Prescott	 	 K-Ar	 bt	 1110	 40	 Dells	 Yd	 Shafiqullah and others (1980)	 Cooling age.
Bradshaw	 	 Ar-Ar	 bt	 1188–	 4	 Horse Mountain	 Xhm	 Hodges and Bowring (1995)	 Reheating age.
	 	 	 	 	   1195.	 	 	 	 	
Bradshaw	 USGS(W)-123	 K-Ar	 bt	 1235	 60	 Brady Butte	 Xbb	 Marvin and Cole (1978)	 Cooling age.
Bradshaw	 USGS(W)-123	 Rb-Sr	 bt	 1240	 60	 Brady Butte	 Xbb	 Marvin and Cole (1978)	 Cooling age.
Bradshaw	 	 K-Ar	 bt	 1250	 	 Kirkland Peak	 Ykp	 Shafiqullah and others (1980)	
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Table 1.  Geochronologic data, in order of increasing age, for the map area.—Continued


30’ x 60’	 Sample	 Type of	 Mineral or	 Age	 Uncertainty	 Rock name	 Map unit5	 Primary reference6	 Notes   	
quadrangle1	 number	 analysis2	 material	 (Ma)	 (Ma)	 or location4      	
			   analyzed3     	


Bradshaw	 USGS(W)-550	 K-Ar	 bt	 1270	 60	 Brady Butte	 Xbb	 Marvin and Cole (1978)	 Cooling age.
Prescott	 	 Rb-Sr	 WR	 1282	 100	 North of Mayer	 Xb	 Lanphere (1968)	 3-point isochron; Sri 
	 	 	 	 	 	 	 	 	 	   =0.714; too young.
Prescott	 USGS(W)-CAA-8	 Rb-Sr	 WR	 1310	 50	 Dells	 Yd	 Marvin and Cole (1978)	
Williams	 	 K-Ar	 bt	 1340	 50	 South Butte	 Xsb	 Shafiqullah and others (1980)	 Cooling date.
Prescott	 USGS(W)-CAA-6	 K-Ar	 bt	 1360	 40	 Prescott	 Xpr	 Marvin and Cole (1978)	 Cooling age.
Prescott	 	 U-Pb	 zr	 1395	 8	 Dells	 Yd	 Silver and others (1984)	
Bradshaw	 	 Ar-Ar	 ms	 1410 	 10	 Crazy Basin	 Xcb	 Hodges, Bowring, and Hames (1994)	 Cooling age.
	 	 	 	 	   plateau.
Bradshaw	 	 Ar-Ar	 bt	 1412 	 5	 Crazy Basin	 Xcb	 Hodges, Bowring, and Hames (1994)	 Cooling age.
	 	 	 	 	   plateau.
Williams	 	 K-Ar	 ms	 1460	 50	 South Butte	 Xsb	 Shafiqullah and others (1980)	 Cooling date.
Prescott	 	 Rb-Sr	 WR	 1493	 80	 West of Yaeger Canyon	 Xr	 Lanphere (1968)	 3-point isochron; Sri 
	 	 	 	 	 	 	 	 	 	   =0.706; too young.
Bradshaw	 PED-4-60	 K-Ar	 ms	 1500	 50	 Crazy Basin	 Xcb	 Shafiqullah and others (1980)	
Prescott	 	 Rb-Sr	 WR	 1547	 50	 West of Mayer	 Xb	 Lanphere (1968)	 3-point isochron; Sri 
	 	 	 	 	 	 	 	 	 	   =0.7045; too young.
Prescott	 	 Rb-Sr	 WR	 1576	 85	 Deception	 Xrd	 Lanphere (1968)	 4-point isochron; Sri 
	 	 	 	 	 	 	 	 	 	   =0.705; too young.
Bradshaw	 USGS(W)-CAA-5	 Rb-Sr	 WR	 1610	 90	 Crazy Basin	 Xcb	 Marvin and Cole (1978)	 Minimum age; Sri 
	 	 	 	 	 	 	 	 	 	   assumed at 0.704.
Prescott	 CAA-12, locality G	 K-Ar	 hb	 1625	 	 Cherry	 Xch	 Lanphere (1968)	
Payson	 SP-1	 K-Ar	 bt	 1643	 	 Cherry	 Xch	 Roe (1976)	 Cooling age.
Prescott	 USGS(W)-CAA-2	 K-Ar	 bt	 1670	 80	 Cherry	 Xch	 Marvin and Cole (1978)	
Prescott	 	 U-Pb	 zr	 1680	 	 Prescott	 Xpr	 Wooden and DeWitt (unpub. data, 2004)	
Bradshaw	 	 U-Pb	 zr	 1680	 5	 Horse Mountain	 Xhm	 Hodges and Bowring (1995)	
Prescott	 CAA-12, locality F	 Ar-Ar	 hb	 1682 	 24	 Cherry	 Xch	 Dalrymple and Lanphere (1971, 1974)	 Plateau age 
	 	 	 	 	   plateau.	 	 	 	 	   superceded by 
	 	 	 	 	 	 	 	 	 	   newer data.
Prescott	 CAA-12, locality F	 K-Ar	 bt	 1689	 	 Cherry	 Xch	 Lanphere (1968)	
Prescott	 CAA-12, locality G	 K-Ar	 bt	 1693	 	 Cherry	 Xch	 Lanphere (1968)	
Prescott	 CAA-12, locality F	 K-Ar	 hb	 1694	 	 Cherry	 Xch	 Lanphere (1968)	
Bradshaw	 	 U-Pb	 zr	 1700	 10	 Crazy Basin	 Xcb	 Bowring, unpub. data, cited in 
	 	 	 	 	 	 	 	 	   Hodges and Bowring (1995).	
Prescott	 CAA-12, locality F	 Ar-Ar	 hb 	 1707 	 15	 Cherry	 Xch	 Dalrymple and Lanphere (1971, 1974)	
	 	 	 	 	   total gas.
Prescott	 	 U-Pb	 zr	 1717	 	 Verde River	 Xvr	 Chamberlain and others (1991)	
Bradshaw	 	 U-Pb	 zr	 <1720	 	 Texas Gulch	 Xtgr	 Bowring, unpub. data, cited in 	 Location unknown.
	 	 	 	 	 	 	 	 	   Karlstrom and Bowring (1991).	
Prescott	 	 U-Pb	 zr	 1720	 	 Mint Wash	 Xmw	 Wooden and DeWitt (unpub. data, 2004)	
Bradshaw	 	 U-Pb	 zr	 1720	 	 Humbug Creek	 Xhc	 Wooden and DeWitt (unpub. data, 2004)	
Bradshaw	 	 U-Pb	 zr	 1720	 	 Hassayampa	 Xh	 Wooden and DeWitt (unpub. data, 2004)	
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Bradshaw	 	 U-Pb	 zr	 1720	 	 Bland	 Xbl 	 Bowring and others (1986)	 South of map.
Bradshaw	 	 U-Pb	 zr	 1720– 	 	 Bland-Bumblebee	 Xbl	 Bowring and others (1986)	
	 	 	 	 	   1740.
Bradshaw	 	 U-Pb	 zr	 1730	 	 Crooks Canyon	 Xcc	 Bowring, unpub. data, cited in 	 Location unknown; 
	 	 	 	 	 	 	 	 	   Karlstrom and Bowring (1991).	   3 sample localities.
Prescott	 JS-05-51	 U-Pb	 zr	 1738.5	 2.8	 Deception	 Xr


2
h	 Slack and others (2007)	 4-point discordia.


Prescott	 	 U-Pb	 zr	 1740	 15	 Cherry	 Xch	 Anderson and others (1971)	 2-point discordia.
Prescott	 	 U-Pb	 zr	 1740	 	 Cherry	 Xch	 Bowring, unpub. data, cited in 	 Location probably 
	 	 	 	 	 	 	 	 	   Karlstrom and others (1987).	   inaccurate.
Prescott	 	 U-Pb	 zr	 1740	 	 Government Canyon	 Xgc	 Bowring, unpub. data, cited in 	 Location unknown.
	 	 	 	 	 	 	 	 	   Karlstrom and others (1987).	
Prescott	 	 U-Pb	 zr	 1740	 	 Deception	 Xr


2
h?	 Bowring, unpub. data, cited in 	 Location unknown.


	 	 	 	 	 	 	 	 	   Karlstrom and Bowring (1991).	
Bradshaw	 	 U-Pb	 zr	 1743	 	 Badger Spring	 Xbs	 Bowring, unpub. data, cited in 	 Location unknown.
	 	 	 	 	 	 	 	 	   Karlstrom and others (1987).	
Prescott	 	 U-Pb	 zr	 1750	 15	 Government Canyon	 Xgc	 Anderson and others (1971)	 2-point discordia.
Bradshaw	 	 U-Pb	 zr	 1750	 	 Brady Butte	 Xbb	 Bowring, unpub. data, cited in 	 Location unknown.
	 	 	 	 	 	 	 	 	   Karlstrom and Bowring (1991).	
Bradshaw	 	 U-Pb	 zr	 1750	 10	 Brady Butte	 Xbb	 Anderson and others (1971)	 6-point discordia; 3 
	 	 	 	 	 	 	 	 	 	   points at location 4.
Bradshaw	 	 U-Pb	 zr	 1755	 10	 Brady Butte	 Xbb	 Anderson and others (1971)	 6-point discordia; 3 
	 	 	 	 	 	 	 	 	 	   points at location 3; 
	 	 	 	 	 	 	 	 	 	   location unknown.
Bradshaw	 	 U-Pb	 zr	 1755	 10	 Along Big Bug Creek	 Xr	 Anderson and others (1971)	 3-point discordia; 
	 	 	 	 	 	 	 	 	 	   location 2.
Bradshaw	 	 U-Pb	 zr	 1755	 	 Along Big Bug Creek	 Xr	 Bowring, unpub. data, cited in 	 Location unknown.
	 	 	 	 	 	 	 	 	   Karlstrom and Bowring (1991).	
Prescott	 	 U-Pb	 zr	 1800	 10	 Deception	 Xr


2
h	 Anderson and others (1971)	 2-point discordia; 


	 	 	 	 	 	 	 	 	 	   date superceded by 
	 	 	 	 	 	 	 	 	 	   new data.


1Bradshaw = Bradshaw Mountains.
2K-Ar, potassium-argon; FT, fission track; Rb-Sr, rubidium-strontium; U-Pb, uranium-lead; Ar-Ar, 40argon-39argon.
3wr, whole rock; bt, biotite; ms, muscovite; hb, hornblende; zr, zircon; ap, apatite.
4Rock name does not contain descriptive location information (At, Along).  Location information, especially for many samples of Proterozoic rocks, is updated from that in Reynolds 


and others (1986).
5Map unit symbols on geologic map.
6All ages reported before 1986 are summarized in Reynolds and others (1986). References Cited  93











Table 2.  Deep water wells for which interpreted logs were provided by this study


[If more than one unit symbol is shown for a depth interval, the one listed first is the preferred interpretation.  ADWR No., Arizona Department of Water Resources identification number (55-xxxxxx)—last six 
digits listed.  Xu, Early Proterozoic rocks, undivided]


Name or 	3 0’ x 60’	 Unit1	 Depth1	 Unit2	 Depth2	 Unit3	 Depth3	 Unit4	 Depth4	 Unit5	 Depth5	 Unit6	 Depth6	 Unit7	 Depth7	 Unit8	 Depth8	 Unit9	 Depth9
ADWR No.	 quadrangle


502596	 Bradshaw	 Tso	 535	 Xgc	 760	 	 	 	 	 	 	 	 	 	 	 	 	 	


503114	 Bradshaw	 Tso	 700	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	


503135	 Bradshaw	 Tso	 185	 Tso?	 550	 Xgc	 865	 	 	 	 	 	 	 	 	 	 	 	


506091	 Bradshaw	 Ths	 78	 Thb	 320	 Thc	 385	 Ths	 500	 	 	 	 	 	 	 	 	 	


506299	 Bradshaw	 Tm	 135	 Tmd	 300	 	 	 	 	 	 	 	 	 	 	 	 	 	


510079	 Bradshaw	 Tfy or Tso	 640	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	


512478	 Bradshaw	 Thb	 340	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	


514426	 Bradshaw	 QTs	 185	 Tto	 205	 Tbo	 220	 Tto	 420	 Tbo	 510	 Tto	 820	 Tmo	 845	 Tto	 920	 Tbo	 1010


518542	 Bradshaw	 Tso	 182	 Xgc	 660	 	 	 	 	 	 	 	 	 	 	 	 	 	


521052	 Bradshaw	 Tm	 340	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	


521766	 Bradshaw	 Tso	 280	 Xgc ot Tso?	 540	 Xgc	 620	 	 	 	 	 	 	 	 	 	 	 	


521786	 Bradshaw	 QTs	 240	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	


522079	 Bradshaw	 Tso	 301	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	


524932	 Bradshaw	 Tso	 535	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	


528772	 Bradshaw	 Tso	 515	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	


529786	 Bradshaw	 Tm	 920	 	 	 	


529787	 Bradshaw	 Tm	 1970	 	 	 	


529788	 Bradshaw	 Tm	 1968	 	 	 	


529789	 Bradshaw	 Tm	 2020	 	 	 	


529790	 Bradshaw	 Tm	 1128	 	 	 	


530529	 Bradshaw	 Tso	 219	 Tbo	 285	 	


530653	 Bradshaw	 Tso	 40	 Tbo	 220	 	


532350	 Bradshaw	 Tso	 430	 Tmo	 507	 	


533225	 Bradshaw	 Thsb	 61	 Xmv	 500	 	


533791	 Bradshaw	 Tm	 250	 Tmd	 333	 	


539227	 Bradshaw	 QTs	 340	 	 	 	


556131	 Bradshaw	 Tm	 225	 	 	 	


565855	 Bradshaw	 Ths	 408	 Xmv	 455	 Xbs	 550


568193	 Bradshaw	 Tso	 388	 Xgc	 805	 	


576848	 Bradshaw	 QTs	 345	 	 	 	


592720	 Bradshaw	 Xmv	 1000	 	 	 	


516725	 Payson	 Qs	 93	 Tve	 400	 Tv	 510	 	


529824	 Payson	 Thb	 540	 	 	 	 	 	


#1 Walton-	 Prescott	 QTs	 550?	 Mr or Dm	 1350	 Xu	 2060	 	


  State	 	 	 	   or et


085708	 Prescott	 Thc	 290	 Tht?	 340	 Ths	 435	 	


085961	 Prescott	 QTs	 170	 Thb	 435	 	 	 	


086001	 Prescott	 QTs	 450	 Yd	 460	 	 	 	


200027	 Prescott	 QTs	 490	 Dm	 507	 	 	 	


200028	 Prescott	 QTs	 850	 Tby	 880	 Tsy	 1620	 Dm	 1900
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200030	 Prescott	 QTs	 1680	 Dm	 1775	 	 	 	


500546	 Prescott	 QTs	 250	 Dm	 400	 	 	 	


500772	 Prescott	 Ths	 260	 Xmv	 467	 	 	 	


501069	 Prescott	 QTs	 672	 	 	 	 	 	


501405	 Prescott	 QTs	 109	 Thb or Thc	 618	 	 	 	


501889	 Prescott	 Tvl	 649	 Tvls	 724	 	 	 	


502008	 Prescott	 QTs	 375	 	 	 	 	 	


504397	 Prescott	 QTs	 406	 	 	 	 	 	


504646	 Prescott	 Qal	 75	 Thb	 275	 Tv	 480	 	


505056	 Prescott	 QTs	 560	 	 	 	 	 	


505300	 Prescott	 Tv	 935	 	 	 	 	 	


505305	 Prescott	 QTs	 220	 Tsv	 300	 Tla?	 370	 Tsv?	 464


505514	 Prescott	 QTs	 196	 Mr or Dm	 315	 	 	 	


505516	 Prescott	 QTs	 490	 Thb or Thc	 610	 Xmw	 628	 	


505772	 Prescott	 QTs	 267	 Tmu	 370	 	 	 	


506636	 Prescott	 Thb or Thc	 215	 Ths	 530	 	 	 	


507354	 Prescott	 Thb or Thc	 90	 Ths	 610	 Xpr	 703	 	


507484	 Prescott	 QTs	 140	 Tby	 240	 	 	 	


507612	 Prescott	 Ths	 170	 YXgr	 460	 	 	 	


508299	 Prescott	 QTs	 435	 Tmu	 725	 	 	 	


508594	 Prescott	 Thb	 480	 YXgr	 505	 	 	 	


509151	 Prescott	 QTs	 100	 Tht	 180	 Tmu?	 570	 YXgr	 608


509536	 Prescott	 QTs	 250	 Tht?	 270	 Tmu	 440	 	


510778	 Prescott	 QTs	 250	 Ths	 300	 Thb	 435	 Ths	 540


511181	 Prescott	 QTs	 190	 Tmu	 280	 	 	 	


511566	 Prescott	 QTs	 460	 Xmv	 505	 	 	 	


511817	 Prescott	 QTs	 190	 Tht	 270	 Tsu? or	 445	 	


	 	 	 	 	 	 	   Tsv?


512326	 Prescott	 QTs	 300	 Thbs	 470	 Xgb or 	 558	 	


	 	 	 	 	 	 	   YXgr


512777	 Prescott	 QTs	 605	 	 	 	 	 	


512969	 Prescott	 Thb	 140	 Thc or Ths	 360	 Xmw	 425	 	


513155	 Prescott	 QTs	 245	 Tmu	 360	 	 	 	


513290	 Prescott	 Qf	 30	 Tvl	 540	 Tvls	 655	 	


515946	 Prescott	 QTs	 135	 Tmu	 417	 	 	 	


518025	 Prescott	 QTs	 510	 	 	 	 	 	


518809	 Prescott	 Thb or Ths	 210	 Ths	 595	 	 	 	


518861	 Prescott	 Ths	 415	 	 	 	 	 	


519055	 Prescott	 QTs	 567	 	 	 	 	 	


519056	 Prescott	 QTs	 85	 Thb	 312	 Ths	 354	 	


519687	 Prescott	 QTs	 702	 Thb	 740	 Ths?	 865	 Thb?	 926


521679	 Prescott	 QTs	 195	 Xgr	 385	 	 	 	


522664	 Prescott	 QTs	 360	 	 	 	 	 	 	 	 	 	


522714	 Prescott	 QTs	 135	 Tmu	 450	 	 	 	 	 	 	 	


524200	 Prescott	 QTs	 180	 Thb	 325	 Ths	 375	 Xmv or 	 600	 	 	 	


	 	 	 	 	 	 	 	 	   Xgb


525770	 Prescott	 QTs	 180	 Tht	 315	 Ths	 380	 Tla?	 490	 Tos?	 525	 	
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Table 2.  Deep water wells for which interpreted logs were provided by this study.—Continued


Name or 	3 0’ x 60’	 Unit1	 Depth1	 Unit2	 Depth2	 Unit3	 Depth3	 Unit4	 Depth4	 Unit5	 Depth5	 Unit6	 Depth6	 Unit7	 Depth7	 Unit8	 Depth8	 Unit9	 Depth9
ADWR No.	 quadrangle


526305	 Prescott	 QTs	 435	 Thb	 540	 Ths	 560	 Thb	 595	 	 	 	


526793	 Prescott	 QTs	 225	 Thb	 303	 	 	 	 	 	 	 	


526803	 Prescott	 QTs	 275	 Thb	 322	 	 	 	 	 	 	 	


526910	 Prescott	 QTs	 220	 Thb	 470	 Thb?	 508	 	 	 	 	 	


528270	 Prescott	 QTs	 426	 Tla or Tby	 448	 	 	 	 	 	 	 	


528744	 Prescott	 Qf	 60	 Tvl	 720	 Tvls	 765	 Tvl	 1200	 	 	 	


530375	 Prescott	 QTs	 835	 YXgr	 840	 	 	 	 	 	 	 	


530642	 Prescott	 Qal	 65	 Thb	 490	 Tmu	 560	 	 	 	 	 	


530649	 Prescott	 QTs	 110	 Thb	 380	 Ths?	 420	 Tmu	 520	 	 	 	


530748	 Prescott	 Qf	 30	 Tvl	 315	 Tvls	 440	 Tvl	 560	 Tvls	 805	 Tvl	 905


531578	 Prescott	 Qal	 175	 Tv	 555	 Tvg	 900	 	 	 	 	 	


532827	 Prescott	 QTs	 1520	 Dm	 1720	 	 	 	 	 	 	 	


532832	 Prescott	 QTs	 815	 Dm	 830	 	 	 	 	 	 	 	


533110	 Prescott	 Qt	 175	 Tvls	 390	 Tvl	 555	 Tvg	 920	 Thb	 1115	 Ths	 1203


533639	 Prescott	 Ths	 150	 Thb	 220	 Ths	 305	 	 	 	 	 	


533713	 Prescott	 QTs	 187	 Tht or Tvu	 408	 Tsu	 507	 Xgr?	 510	 	 	 	


534727	 Prescott	 QTs	 240	 Xmv or Xgb	 705	 	 	 	 	 	 	 	


535284	 Prescott	 Ths	 180	 Xmv	 305	 	 	 	 	 	 	 	


535934	 Prescott	 QTs	 305	 YXgr or Xgb	 618	 	 	 	 	 	 	 	


536623	 Prescott	 QTs	 755	 Thb	 828	 Xmv	 861	 	 	 	 	 	


536694	 Prescott	 QTs	 270	 Tsy or Tby?	 330	 	 	 	 	 	 	 	


537399	 Prescott	 QTs	 250	 Thbs	 350	 Thb	 507	 	 	 	 	 	


538122	 Prescott	 QTs	 320	 YXgr	 385	 	 	 	 	 	 	 	


538428	 Prescott	 Qal	 20	 YXgr or Xcca	 400	 	 	 	 	 	 	 	


538446	 Prescott	 Thb	 295	 Xmw	 510	 	 	 	 	 	 	 	


539499	 Prescott	 QTs	 945	 Xmv	 995	 	 	 	 	 	 	 	


540011	 Prescott	 QTs	 310	 	 	 	 	 	 	 	 	 	


540640	 Prescott	 Tla	 716	 	 	 	 	 	 	 	 	 	


541373	 Prescott	 QTs	 620	 Thb	 660	 Xu	 667	 	 	 	


541433	 Prescott	 QTs	 310	 Thb	 565	 	 	 	 	 	


541942	 Prescott	 QTs	 168	 Tsv	 215	 Tmu	 280	 	 	 	


541955	 Prescott	 Tvg	 720	 	 	 	 	 	 	 	


543638	 Prescott	 Ths	 365	 Xpr	 570	 	 	 	 	 	


545020	 Prescott	 QTs	 165	 Tmu	 390	 	 	 	 	 	


545356	 Prescott	 Qf	 20	 Tv	 450	 Tvls	 480	 Tv	 670	 Tvls	 700


545506	 Prescott	 Ths	 300	 Xmv	 605	 	 	 	 	 	


545527	 Prescott	 Qs	 100	 Thb	 320	 Ths	 340	 Xgb	 465	 	


548845	 Prescott	 Tby	 118	 Tbsy	 250	 YXgr	 305	 	 	 	


549009	 Prescott	 Thb or Ths	 275	 Ths	 345	 Xpr	 382	 	 	 	


549501	 Prescott	 QTs	 290	 Thb	 590	 Ths	 600	 Xmv	 605	 	


549559	 Prescott	 Tv	 770	 	 	 	 	 	 	 	


552135	 Prescott	 Tby	 70	 Tsy?	 210	 Tsy or Lost 	 533	 	 	 	


	 	 	 	 	 	 	   circulation
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556746	 Prescott	 QTs	 340	 Xmw	 370	 	 	 	 	 	


557453	 Prescott	 QTs	 215	 Thb	 510	 Xmv	 695	 	 	 	


557485	 Prescott	 Tby	 366	 Tsy	 461	 Tby	 516	 	


558501	 Prescott	 QTs	 590	 	 	 	 	 	


560334	 Prescott	 QTs	 660	 	 	 	 	 	


560414	 Prescott	 Qf	 72	 Tvl	 340	 Tvls	 485	 Tvl	 1025


560589	 Prescott	 QTs	 178	 YXgr	 300	 	 	 	


561786	 Prescott	 QTs	 72	 Tby or Tcy	 204	 Tsy	 400	 	


562060	 Prescott	 Tvg	 610	 	 	 	 	 	


563982	 Prescott	 QTs	 350	 Tmu	 410	 	 	 	


565611	 Prescott	 QTs	 398	 	 	 	 	 	


566301	 Prescott	 QTs	 410	 	 	 	 	 	


566349	 Prescott	 Tvg	 620	 Thb	 790	 	 	 	


566544	 Prescott	 QTs	 345	 YXgr	 825	 	 	 	


566785	 Prescott	 Tby	 210	 Tcy	 370	 	 	 	


566799	 Prescott	 QTs	 470	 Tbo	 700	 	 	 	


567286	 Prescott	 QTs	 467	 Thb	 580	 	 	 	


567519	 Prescott	 QTs	 320	 	 	 	 	 	


568080	 Prescott	 QTs	 118	 Tmu	 500	 	 	 	


568186	 Prescott	 QTs	 362	 Tmu	 480	 	 	 	


568232	 Prescott	 QTf	 120	 Tby or Tla	 300	 Tmu	 340	 	


568261	 Prescott	 QTf	 200	 Tmu	 230	 MDrm	 380	 	


568581	 Prescott	 QTs	 245	 Thb	 280	 Xmv	 600	 	


568626	 Prescott	 QTs	 405	 	 	 	 	 	


569301	 Prescott	 QTs	 312	 Thb	 375	 Ths	 400	 YXgr	 418


569724	 Prescott	 QTs	 195	 Tmu	 322	 Tv?	 500	 	


569801	 Prescott	 QTs	 800	 	 	 	 	 	


569852	 Prescott	 Thb	 115	 Ths	 340	 Xmw	 506	 	


570080	 Prescott	 QTs	 670	 Thb	 750	 Xmv	 810	 	


570936	 Prescott	 QTs	 600	 	 	 	 	 	


571592	 Prescott	 QTs	 340	 	 	 	 	 	


572139	 Prescott	 QTs	 320	 Thb	 505	 	 	 	


572621	 Prescott	 QTs	 310	 Thb	 405	 Thc or Thb	 490	 Ths	 510


572698	 Prescott	 QTs	 784	 Thb	 1220	 	 	 	


573245	 Prescott	 QTs	 240	 Thb	 490	 	 	 	


573472	 Prescott	 Tht	 180	 Xmw	 305	 Xmv	 600	 	


574890	 Prescott	 QTs	 180	 Xmv	 500	 	 	 	


574938	 Prescott	 QTs	 250	 Thb	 525	 	 	 	


575576	 Prescott	 QTs	 507	 	 	 	 	 	


575592	 Prescott	 QTs	 780	 Thb	 905	 Ths	 1065	 Xmv	 1085


576009	 Prescott	 QTs	 475	 Thb	 510	 	 	 	


576846	 Prescott	 QTs	 366	 YXgr	 466	 	 	 	


577407	 Prescott	 QTs	 300	 Tmu	 450	 	 	 	


578079	 Prescott	 QTs	 418	 	 	 	 	 	


578237	 Prescott	 QTs	 360	 Tco?	 395	 Tbu	 500	 	


578737	 Prescott	 QTs	 730	 Thb	 980	 Ths	 1095	 	







98  



Geologic M
ap of the Prescott N


ational Forest and the Headw
aters of the Verde River, Arizona


Table 2.  Deep water wells for which interpreted logs were provided by this study.—Continued


Name or 	3 0’ x 60’	 Unit1	 Depth1	 Unit2	 Depth2	 Unit3	 Depth3	 Unit4	 Depth4	 Unit5	 Depth5	 Unit6	 Depth6	 Unit7	 Depth7	 Unit8	 Depth8	 Unit9	 Depth9
ADWR No.	 quadrangle


579280	 Prescott	 QTs	 275	 Mr	 415	 	 	 	


579607	 Prescott	 QTs	 290	 Tbo?	 390	 Tla	 480	 	


580881	 Prescott	 QTf	 195	 Tby or Tsy	 245	 Tla	 300	 	


581893	 Prescott	 QTs	 385	 Tmu	 460	 	 	 	


582491	 Prescott	 QTs	 25	 Tby or Tcy	 450	 	 	 	 	 	 	 	 	 	 	 	


583139	 Prescott	 QTs	 290	 Thb	 470	 Xmv	 500	 	 	 	 	 	 	 	 	 	


583143	 Prescott	 QTs	 335	 Thsb	 505	 Thb	 956	 	 	 	 	 	 	 	 	 	


583397	 Prescott	 QTs	 500	 	 	 	 	 	 	 	 	 	 	 	 	 	


583487	 Prescott	 QTs	 160	 Tmu	 200	 Tos?	 315	 	 	 	 	 	 	 	 	 	


583547	 Prescott	 QTs	 605	 Thb	 660	 Ths	 750	 YXgr	 805	 	 	 	 	 	 	 	


587403	 Prescott	 Qs	 55	 Thb	 520	 Tla	 600	 Dm or 	 820	 Xu	 840	 	 	 	 	 	


	 	 	 	 	 	 	 	 	   et


587404	 Prescott	 Qal	 112	 Thb	 360	 Tla	 430	 Tos	 485	 Dm	 500	 et	 620	 Xmp? 	 	 640	 YXgr?	 645


	 	 	 	 	 	 	 	 	 	 	 	 	 	 	   or et


588619	 Prescott	 QTs	 704	 Thb?	 724	 Ths	 1190	 YXgr	 1240	 	 	 	 	 	 	 	


591609	 Prescott	 QTs or Tsy	 1500	 	 	 	 	 	 	 	 	 	 	 	 	 	


594558	 Prescott	 QTs	 440	 Thb	 510	 	 	 	 	 	 	 	 	 	 	 	


613043	 Prescott	 QTs	 748	 Thb	 790	 YXgr	 905	 	 	 	 	 	 	 	 	 	


614743	 Prescott	 Yy	 6500	 	 	 	 	 	 	 	 	 	 	 	 	 	


648773	 Prescott	 Tvg	 831	 Thb	 834	 	 	 	 	 	 	 	 	 	 	 	


AV72-12	 Prescott	 Qf	 50	 Tv	 1252	 	 	 	 	 	 	 	 	 	 	 	


AV72-3	 Prescott	 Qf	 110	 Tv	 1780	 Tvg	 1990	 Thb	 2078	 	 	 	 	 	 	 	


AV77-25	 Prescott	 Not logged	 4175	 	 	 	 	 	 	 	


BH-3	 Prescott	 QTs	 710	 Tbo?	 760	 Tso	 1408	 Ywc	 1450	 	


Bull 178 502 ft	 Prescott	 QTs	 245	 Tla	 275	 Tos	 502	 	 	 	


Bull 178 512 ft	 Prescott	 QTs	 512	 	 	 	 	 	 	 	


Bull 178 562 ft	 Prescott	 QTs	 496	 Tmu	 502	 Tos?	 562	 	 	 	


Bull 178 625 ft	 Prescott	 QTs	 256	 Tmu	 625	 	 	 	 	 	


Bull 178 690 ft	 Prescott	 QTs	 255	 Tsv	 690	 	 	 	 	 	


City of Prescott	 Prescott	 QTs	 63	 Tby	 100	 Tbsy	 290	 Tos?	 415	 Xt	 880


DRM-2	 Prescott	 QTs	 125	 Tby or Tsy	 350	 Tso	 600	 	 	 	


Fed #1	 Prescott	 Mr or Dm	 650	 et	 845	 Xu	 1205	 	 	 	


HR-2	 Prescott	 Tby or Tcy	 485	 Demt	 500	 	 	 	 	 	


Krieger 1013 ft	 Prescott	 QTs	 1003	 Thb	 1013	 	 	 	 	 	


Krieger 300 ft	 Prescott	 QTs	 300	 	 	 	 	 	 	 	


Krieger 310 ft	 Prescott	 QTs	 296	 Tmu	 310	 	 	 	 	 	


Krieger 370 ft	 Prescott	 Thb	 20	 Ths	 370	 	 	 	 	 	


Krieger 393 ft	 Prescott	 QTs	 393	 	 	 	 	 	 	 	


Krieger 410 ft	 Prescott	 QTs	 410	 	 	 	 	 	


Krieger 453 ft	 Prescott	 QTs	 236	 Tsv	 453	 	 	 	


Krieger 560 ft	 Prescott	 QTs	 370	 Tsv	 560	 	 	 	


Krieger 576 ft	 Prescott	 Thb	 75	 Ths	 451	 Thb	 576	 	


Krieger 605 ft	 Prescott	 QTs	 390	 Tmu	 605	 	 	 	
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Krieger 644 ft	 Prescott	 QTs	 550	 Tsv	 644	 	 	 	


Krieger 667 ft	 Prescott	 QTs	 140	 Tmu	 474	 Tsu?	 659	 Xg?	 667


Krieger 697 ft	 Prescott	 QTs	 320	 Tmu	 697	 	 	 	


Krieger 700 ft	 Prescott	 QTs	 700	 	 	 	 	 	


Krieger 710 ft	 Prescott	 QTs	 582	 Tmu	 666	 MDrm?	 710	 	


Krieger 744 ft	 Prescott	 QTs	 315	 Tmu or Tsu	 744	 	 	 	


Krieger 768 ft	 Prescott	 QTs	 310	 Tsv	 768	 	 	 	


Krieger 812 ft	 Prescott	 QTs	 650	 Thb	 792	 Ths	 812	 	


Krieger 894 ft	 Prescott	 QTs	 600	 Thb	 640	 Ths	 894	 	


Krieger Bull 178	 Prescott	 QTs	 150	 Tmu	 542	 	 	 	


Krieger-2 644 ft	 Prescott	 QTs	 450	 Tmu	 630	 Tos?	 644	 	


Krieger-2 700 ft	 Prescott	 QTs	 637	 Tmu	 700	 	 	 	


MW-3	 Prescott	 QTs	 550	 Tbo	 570	 	 	 	


MW-4	 Prescott	 QTs	 600	 Tbo	 675	 	 	 	


Ostenaa 522 ft	 Prescott	 QTf	 522	 	 	 	 	 	


Ostenaa 531 ft	 Prescott	 QTs	 455	 Tla or Tc	 531	 	 	 	


Ostenaa 690 ft	 Prescott	 QTs	 690	 	 	 	 	 	


Ostenaa 822 ft	 Prescott	 QTs	 515	 Tla	 822	 	 	 	


Ostenaa-2 690 ft	 Prescott	 Tsy	 398	 Tby or Tc	 480	 Tsy or Tso	 676	 Xu	 690


Schwalen 420 ft	 Prescott	 QTs	 400	 Tvu	 420	 	 	 	


Schwalen 460 ft	 Prescott	 QTs	 460	 	 	 	 	 	


SL-1	 Prescott	 Tby	 170	 Tbsy	 250	 YXgr	 285	 	


WRA 298 ft	 Prescott	 QTs	 50	 Tby	 280	 Mr	 298	 	


WRA 300 ft	 Prescott	 QTf	 140	 Tla	 300	 	 	 	


WRA 307 ft	 Prescott	 QTf	 290	 Tmu	 307	 	 	 	


WRA 380 ft	 Prescott	 QTf	 360	 Tmu	 380	 	 	 	


WRA 550 ft	 Prescott	 QTs	 348	 Tla	 422	 Tos	 550	 	


WRA 600 ft	 Prescott	 QTs	 469	 Tla	 570	 Tos	 600	 	 	 	


WRA 615 ft	 Prescott	 QTs	 570	 Tbu or Tla	 615	 	 	 	 	 	


WRA 625 ft	 Prescott	 QTs	 522	 Tla or Tbo	 610	 Tso	 625	 	 	 	


500663	 Sedona	 Tv	 1120	 	 	 	 	 	 	 	


501377	 Sedona	 Qal	 43	 Tvls	 410	 	 	 	 	 	


501424	 Sedona	 Qs	 79	 Thbs	 507	 Ths	 546	 hs	 660	 Mr	 827


503843	 Sedona	 Qs	 42	 Tv	 183	 Tso	 434	 	 	 	


504695	 Sedona	 Qs	 50	 Tv	 140	 Tvls	 800	 	 	 	


506444	 Sedona	 Tvls	 165	 Tv	 601	 	 	 	 	 	


506470	 Sedona	 Tv	 440	 	 	 	 	 	 	 	


509630	 Sedona	 Qal	 43	 Tvl	 91	 Tve	 585	 	 	 	


511022	 Sedona	 QTf	 50	 Tvl	 230	 Tvls	 291	 Tvl	 475	 Tvls	 573


519065	 Sedona	 Tv	 148	 Taby	 190	 Tv	 500	 	 	 	


520064	 Sedona	 Tv	 1300	 Tv or Tso?	 1405	 	 	 	 	 	


525431	 Sedona	 Qs	 70	 Tv	 438	 Thb	 456	 	 	 	


527207	 Sedona	 Tv	 283	 Taby or Tsy	 388	 Tso	 486	 Thb	 600	 	


529545	 Sedona	 QTf	 34	 Tvl	 635	 Tvls	 714	 	 	 	


533124	 Sedona	 Tvl	 171	 Tvls	 519	 Tvl	 642	 Tvls	 757	 Tv	 821


543554	 Sedona	 Thbs	 260	 Thb	 500	 	 	 	 	 	
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Table 2.  Deep water wells for which interpreted logs were provided by this study.—Continued


Name or 	3 0’ x 60’	 Unit1	 Depth1	 Unit2	 Depth2	 Unit3	 Depth3	 Unit4	 Depth4	 Unit5	 Depth5	 Unit6	 Depth6	 Unit7	 Depth7	 Unit8	 Depth8	 Unit9	 Depth9
ADWR No.	 quadrangle


550592	 Sedona	 Tv	 310	 Thbs	 420	 hs?	 435	 	 	 	


555087	 Sedona	 Tv	 254	 Taby	 357	 Tvls	 400	 	 	 	


556109	 Sedona	 Tvl	 604	 Taby or Tbu	 606	 	 	 	 	 	


566304	 Sedona	 Tv	 500	 	 	 	 	 	 	 	


569531	 Sedona	 Tv	 556	 	 	 	 	 	 	 	


577288	 Sedona	 QTt	 38	 Tvl	 210	 Tvls	 425	 	 	 	


578642	 Sedona	 Tv	 450	 	 	 	 	 	 	 	


581586	 Sedona	 Tv	 185	 Tv or Tsy? 	 280	 Taby? or 	 405	 	 	 	


	 	 	 	 	   or Tso?	 	   Thb?


581616	 Sedona	 Tv	 340	 Tv or Tsy 	 525	 Thb	 700	 hs?	 780	 	


	 	 	 	 	   or Taby?


587408	 Sedona	 Tv or Tve	 833	 	 	 	 	 	 	 	


587409	 Sedona	 Tv or Tve	 885	 	 	 	 	 	 	 	


587410	 Sedona	 Tv or Tve	 1028	 	 	 	 	 	 	 	


587411	 Sedona	 Tv	 918	 	 	 	 	 	 	 	


609337	 Sedona	 Tv	 490	 Tvls	 1176	 Tv? or hs?	 1270	 	 	 	


614259	 Sedona	 Tv	 595	 Tvls	 1000	 Tso	 1485	 	 	 	


AZ Verde Oil #1	 Sedona	 Tvl	 800	 Tve?	 1625?	 	 	 	 	 	


AZ Verde Oil #2	 Sedona	 Tv or Tve	 1225	 	 	 	 	 	 	 	


Cottonwood #1	 Sedona	 Tv	 250	 Tvls	 650	 Tso	 1180	 	 	 	


026612	 Williams	 QTs	 505	 Tby	 573	 Tsy	 630	 	 	 	


029802	 Williams	 QTs	 587	 Tby	 690	 Tsy	 795	 	 	 	


074401	 Williams	 QTs	 370	 Tby	 534	 Tsy	 560	 Tby	 580	 Tsy	 600


081583	 Williams	 QTs	 610	 Tby	 615	 Tsy	 760	 	 	 	


519568	 Williams	 Tso?	 410	 et?	 485	 	 	 	 	 	


520534	 Williams	 QTs	 503	 	 	 	 	 	 	 	


525566	 Williams	 QTs	 730	 Tby	 744	 	 	 	 	 	


532829	 Williams	 QTs	 2290	 Tla	 2445	 	 	 	 	 	


540650	 Williams	 Tso	 335	 et	 440	 	 	 	 	 	


564580	 Williams	 QTs	 650	 YXgr	 715	 Xt or YXgr	 755	 	 	 	


579656	 Williams	 QTs	 540	 QTs? or et?	 560	 	 	 	 	 	


583722	 Williams	 QTs	 395	 	 	 	 	 	


607028	 Williams	 QTs	 700	 	 	 	 	 	


645843	 Williams	 Tbsy	 720	 	 	 	 	 	


Ostenaa 311 ft	 Williams	 Qal	 28	 Tby	 230	 Tsy	 311	 	


Ostenaa 500 ft	 Williams	 QTs	 500	 	 	 	 	 	


Ostenaa 528 ft	 Williams	 QTs	 398	 Tby	 438	 Tsy	 446	 Tby	 528


Ostenaa 550 ft	 Williams	 QTs	 550	 	 	 	 	 	


Ostenaa 600 ft	 Williams	 QTs	 437	 Tby	 600	 	 	 	


Ostenaa 602 ft	 Williams	 QTs	 402	 Tby	 431	 Tsy	 448	 Tby	 602


Ostenaa 630 ft	 Williams	 QTs	 418	 Tby	 442	 Tby?	 466	 Tby	 630


Ostenaa-2 600 ft	 Williams	 QTs	 502	 Tby	 600	 	 	 	
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Photographs

Travertine vent in Tertiary Verde Formation

Extracted from: (USGS SIM-2996).
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Metamorphosed basaltic agglomerate

Extracted from: (USGS SIM-2996).
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Massive sulfide ore

Extracted from: (USGS SIM-2996).
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The information in this document was compiled from GRI source maps, and intended to accompany
the digital geologic-GIS map(s) and other digital data for Montezuma Castle National Monument and
Tuzigoot National Monument, Arizona (MOCA and TUZI) developed by James Winter and Dalton
Meyer (Colorado State University) using earlier GRI digital geologic-GIS data in ESRI coverage and
shapefile formats. This earlier GRI digital data was produced by David Plume, Jim Chappell, Phillip
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(Colorado State University and NPS GRD).

See the GRI Digital Maps and Source Map Citations section of this document for all sources used by
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