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Geologic Resources Inventory Map Document

Casa Grande Ruins National
Monument,
Arizona

Document to Accompany
Digital Geologic-GIS Data

cagr_geology.pdf
Version: 2/26/2018

This document has been developed to accompany the digital geologic-GIS data dewveloped by the
Geologic Resources Inventory (GRI) program for Casa Grande Ruins National Monument, Arizona
(CAGR).

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) Map Unit List — A listing of all geologic map units present on maps for this project, generally listed
from youngest to oldest.

4) Map Unit Descriptions — Descriptions for all geologic map units. If a unit is present on multiple
source maps the unit is listed with its source geologic unit symbol, unit name and unit age followed
by the unit's description.

5) Ancillary Source Map Information — Additional source map information presented by source map.
For each source map this may include a location map, map graphics or tables, and a report.

6) GRI Digital Data Credits — GRI digital geologic-GIS data and ancillary map information document
production credits.
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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 Senvice
Fort Collins, CO 80523

phone: (970) 491-6655

e-mail: stephanie.omeara@colostate.edu

2018 NPS Geologic Resources Inventory Program


mailto:stephanie.omeara@colostate.edu

CAGR GRI Ancillary Map Information Document

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 \ital 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, wlcanic, 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, wlcanoes, 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.govim/inventory/geology/
GeologyGlSDataModel.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
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(s), enter “GRI" as a Search Text term, and then select the Search Button.

For more information about the Geologic Resources Inventory Program \isit the GRI webpage: http://
www. nature.nps.gov/geology/inventory, or contact:

Jason Kenworthy

Inventory Report Coordinator

National Park Senice 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 Senice (NPS) Inventory
and Monitoring (I&M) Division.

2018 NPS Geologic Resources Inventory Program
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GRI Digital Map and Source Map Citations

The GRI digital geologic-GIS map for Casa Grande Ruins National Monument, Arizona (CAGR).

Digital Geologic-GIS Map of Casa Grande Ruins National Monument and Vicinity, Arizona (GRI
MapCode CAGR)

The source maps used are listed below.
Huckleberry, Gary, 1992, Surficial Geology of the Eastern Gila River Indian Community Area, Western

Pinal County, Arizona: Blackwater 7.5 Quadrangle: Arizona Geological Survey, Open File Report OF 92-
07. Sheet 6 of 6, scale 1:24,000. (GRI Source Map ID 74379).

Klawon, J.E., et.al., 1998, Geology and Geologic Hazards of the Casa Grande Area, Pinal County,
Arizona: Geologic Map of the Coolidge 7.5 Quadrangle: Arizona Geological Surey, Open-File Report
OF 98-23, Sheet 4 of 6, scale 1:24,000. (GRI Source Map ID 74372).

Richard, Stephen, Tim, Orr, Moore, Erin and Ferguson, Charles, 2006, Geologic Data for the Southeast
Phoenix Metropolitan Area, Maricopa and Pinal Counties, Arizona: Arizona Geological Suney,
unpublished digital data DI-24, scale 1:24,000. (GRI Source Map ID 74889).

For each source map only a portion of the source map extent was used. See the index map below for an
explanation of the extent used for each source map.

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

The following index map displays the boundary for Casa Grande Ruins National Monument (in dark
green, as of February, 2018) and the extents of the Blackwater and Coolidge 7.5' quadrangles. The
extent of the GRI digital geologic-GIS map for Casa Grande Ruins National Monument is defined by the
extent of the two 7.5' quadrangles. Also indicated are the source maps used by the GRI in the
completion of the GRI digital geologic-GIS map. For the Blackwater quadrangle, DI-24 was used for the
northern and central area of the quadrangle, whereas OF 92-07, Sheet 6 was used for the southern area
of the quadrangle. OF 98-23, Sheet 4 was used for the Coolidge quadrangle extent of the map.

Dl-24

Blackwater

OF 92-07, Sheet 6

—

L

Casa Grande Ruins National Monument

Coolidge

OF 98-23, Sheet 4

Index map produced by Stephanie O'Meara (Colorado State University).
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Map Unit List

The geologic units present in the digital geologic-GIS data produced for Casa Grande Ruins National
Monument, Arizona (CAGR) are listed below. Units are listed with their assigned unit symbol and unit
name (e.g., Qd - Disturbed land). Units are listed from youngest to oldest. Information about each
geologic unit is also presented in the GRI Geologic Unit Information (CAGRUNIT) 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 to consolidate differing unit symbols,
unit names and/or unit ages between the contributing source maps, or to adopt a now recognized unit
age.

Cenozoic Era

Quaternary Period

Qd - Disturbed land

Qycr - Modern river channel deposits
Qyc - Modern stream channel deposits
Qal - Surficial deposits, undivided

Qy - Piedmont alluvium, youngest

Quyr - River deposits, younger

Qct - Colluvium and talus

Qyif - Alluvium

Qi3 - Piedmont alluvium, younger

Qi3r - River terrace and alluvium deposits
Qmlr - River deposits, older

Qi2 - Piedmont alluvium, older

Qor - River deposits, oldest

Qop - Piedmont deposits, oldest

Tertiary Period

Tby - Gila Group, basalt

Talt - Apache Leap Tuff

Tsm - Superstition Tuff, Miners Needle break

Twsc - Whitetail Formation, sandstone and conglomerate
Twx - Whitetail Formation, granite breccia

Cenozoic or Mesozoic Era

Tertiary or Cretaceous Period
TKbi - Mafic dikes

TKdi - Intermediate dikes

TKri - Felsic dikes

Mesozoic Era

Cretaceous Period

Kd - Diorite

Kg - Quartz monzodiorite to quartz monzonite
Kv - Vein arrays
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Precambrian

Proterozoic Eon

Yd - Diabase

Yg - K-feldspar porphyritic granite
Yge - Granite, equigranular phase
Ygs - Silicified granite

Xp - Pinal Schist, undifferentiated
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Map Unit Descriptions

Descriptions of all geologic map units, generally listed from youngest to oldest, are presented below.
Where a source unit symbol, unit name and/or unit age differ from the assigned GRI unit symbol, unit
name and/or unit age these are indicated with the source map description.

Qd - Disturbed land (Recent)

d - disturbed ground (Recent) - Areas of significant recent surficial disruption due to various human
activities. Includes dams, sand and gravel quarries, large cattle tanks, areas leveled for mining and other
development activity, etc. (GRI Source Map 1D 74889) (DI-24).

g - sand and gravel pits (Recent) - No additional unit description provided on source map. (GRI
Source Map ID 74372). (OF 98-23).

Qycr - Modern river channel deposits (Holocene)

Qycr - Modern river channel deposits (Recent) - Deposits in active stream channels of major
streams. Predominantly unconsolidated sand, pebbles, cobbles and boulders. Clasts are subrounded to
well-rounded and deposits typically contain diverse lithologies representing both local and non-local rock
type. (generally less than ~100 yr). (GRI Source Map 1D 74889) (DI-24).

Y2 - Modern channel of the MGR and of the Santa Cruz River where the natural channel is still
extant (Recent) - Y2 represents the modern channel of the MGR and of the Santa Cruz River where the
natural channel is still extant. Streamflow in the MGR is generally confined to a single channel (referred
here as the low-flow channel) that is incised 1 to 3 m below the adjacent terraces (Table 1). In places,
howewer, channel depth decreases and the low-flow channel diverges into several subchannels resulting
in a distributary to anastomosing stream pattern. Banks of the low-flow channel are lined with Tamarix.
The low-flow channel cross-sectional area decreases downstream within the eastern GRIC area
reflecting seepage losses within the channel during infrequent streamflow.

The main channel of the MGR has formed since 1905 when a large flood destroyed much of the riparian
community and converted a narrow stream channel into a broad, braided channel (Rea, 1981). Since
1905, Tamarix has invaded the flood plain, and the low-flow channel has become re-established.
Although the modern channel dates to 1905, historical maps and the distribution of Pima archaeological
sites indicate that the pre-1905 channel was located more or less in the same location. The Y2 channel
is estimated to be less than 1 ka (Table 2). (GRI Source Map ID 74379). (OFR 92-07).

Y2' - Secondary channels of the MGR, Santa Cruz River, Santa Rosa Wash, and Queen Creek
(Recent) - Y2' represents secondary channels of the MGR, Santa Cruz River, Santa Rosa Wash, and
Queen Creek* that support flood flow. The Y2' designation is also applied to former primary channels of
the Santa Cruz River and Santa Rosa Wash that have been leveled and replaced by agricultural fields.
On the MGR, streamflow within Y2' channels is generally confined and inset less than 3 m below
adjacent terraces (Table 1). Streamflow is less confined in the Y2' channels in the Santa Cruz River
resulting in distributary to anastomosing drainage patterns.

Y?2' channels are also less than 1 ka (Table 2). The most prominent Y2' channel within the eastern GRIC
area is the Little Gila River, which is ethnohistorically documented (Russell, 1908). There is some
guestion as to whether the Little Gila River is natural channel or a former Hohokam/Pima canal
subsequently enlarged by MGR floods. Although a canal was diverted from the terminus of the Little Gila
River and extended to McClellan Wash and the Sacaton area, the Little Gila River proper is a natural
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flood channel incised into adjacent Holocene terraces in the Blackwater area.

Apaleochannel of Queen Creek is identified in the northern part of the Gila Butte and Gila Butte Northwest
quadrangles based on soil survey data (Adams, 1974).(GRI Source Map ID 74379). (OFR 92-07).

Qyc - Modern stream channel deposits (Holocene)

Qyc - Modern stream channel deposits (Holocene) - Compilation unit for sand and gravel deposits in
active, open channels of tributary washes on the piedmonts that could be delineated at a scale of
1:24,000. This unit is composed of moderately-sorted sand, gravel, and pebbles with some cobbles in
the lower piedmont areas to poorly-sorted sand, gravel, pebbles, and cobbles in the upper piedmont
areas. Channels are generally incised less than 0.5 to 1 meter below adjacent Holocene terraces.
Channel morphologies generally consist of a single thread deep high flow channel or multi-threaded
shallow low flow channels with adjacent gravel bars. The channels are flood prone and are subject to
deep, high velocity flow during moderate to large flood events. Channels are subject to scouring and bar
deposition. Banks are subject to lateral erosion. There is no soil development in this fluvally active unit,
and little or no vegetation within the channels. (GRI Source Map ID 74889) (DI-24).

Ya2 - modern ephemeral streams draining the bajada surrounding the MGR (Holocene) - Ya2
denotes modern ephemeral streams draining the bajada surrounding the MGR. These channels are lined
with palo verde (Cercidium), mesquite (Prosopsis), and ironwood (Olneya). Both distributary and
anastomosing drainage patterns are present within Ya2 channels (Table 1). These channels tend to flow
after locally heaw rainstorms. Ya2 channels are estimated to be less than 1 ka. (GRI Source Map ID

74379). (OFR 92-07).

Qal - Surficial deposits, undivided (Holocene)

Qal - Quaternary deposits, undivided (Quaternary) - Poorly-sorted sand- to cobble-sized material on
pediment surfaces and other areas of low relief and along drainages where recent incision is not severe.

This unit also includes relatively thick soils developed on gently dipping erosional surfaces. (GRI Source
Map ID 74889) (DI-24).

Qy - Piedmont alluvium, youngest (Holocene)

Qy - Holocene piedmont alluvium, undivided (Holocene) - Mostly alluvium, may include some
eolian deposits. This unit is characterized by unconsolidated, stratified, poorly to moderately sorted
sand, gravel, cobble, and boulder deposits that underlie small active channels, low terraces, and alluvial
fans. In some places this designation is used where the Qy1 and Qy2 surfaces are too intricately
intermingled to map separately at this scale. These areas may be subject to occasional to frequent
flooding. Terraces and alluvial fan surfaces are 0 to 2 m abowve active channels. Terrace surfaces are
frequently mantled by sandy loam sediment. Alluval surfaces exhibit bar-and-swale topography, with the
ridges typically being slightly more vegetated. Surfaces have minimal or no rock varnish or desert
pavement development, and may be subject to inundation during large floods. Late Holocene soils are
minimally deweloped, but Middle and Early Holocene soils typically contain cambic horizons, weak
calcic horizons (not more than Stage 1), and are noticeably reddened. Surface colors are light brown to
yellowish brown, with a slight reddening with depth due to oxidation. Some of the older soils may contain
weakly dewveloped argillic horizons. Soils are classified as Torrifluvents, Torriorthents, Camborthids, and
Calciorthids. Surface soils are not indurated with clay or calcium carbonate, so surfaces have relatively
high permeability and porosity. (GRI Source Map ID 74889) (DI-24).

2018 NPS Geologic Resources Inventory Program



11

CAGR GRI Ancillary Map Information Document

Yala - Late Holocene alluvial surfaces adjacent to Ya2 channels (Holocene) - Yala represents
late Holocene alluvial surfaces adjacent to Ya2 channels and are located generally in the distal portions
of alluval fans. In places, Yala alluvium overlies pediment. These surfaces are only slightly dissected (
Table 1) and support both sheetflow and distributary drainage. Soil development is slight: oxidation
(slight reddening) and incipient calcification are the predominant pedogenic processes on Yala surfaces.
Soils classify as Torrifluvents and Camborthids (Soil Survey Staff, 1975:170, 189; Appendix A: Soil 2).
The cambic horizons in these soils are based on slight reddening and probably should be considered
oxidized C horizons [see Birkeland's (1984:8) "Cox" horizon].

The Yala surface correlates with Bull's (1991) Q4a surface which he age-estimates at 0.1-2.0 ka Yala
deposits are comparable in topographic position and soil development to the younger Fillmore alluvium
age estimated at 0.1-7.0 ka (Gile and others, 1981). Yala sediments are age estimated at less than 1
ka (Table 2). (GRI Source Map ID 74379). (OER 92-07).

Qyr - River deposits, younger (Holocene)

Qyr - Holocene river deposits, undivided (Holocene) - Generally includes young terrace deposits
that are abowe the active channels but subject to inundation and fine-grained deposition during large flood
events. Deposit lithology includes sand and gravel equivalent to material in channel deposits, as well silt
and clay deposited by overbank flow during floods. Locally includes Qyc or Qycr. (GRI Source Map ID

74889) (DI-24).

Y1 - Main fill terrace within the MGR's Holocene geologic flood plain (Holocene) - Y1 is the main
fill terrace within the MGR's Holocene geologic flood plain. Y1 also represents interfluves within the
Santa Cruz and Santa Rosa drainages. Along the MGR, the boundaries of the Y1 terrace are well
delineated by surrounding Pleistocene terraces. Y1 terraces characteristically contain channel deposits
with a 1-3 m cap of lower energy, overbank sediments. Owerbank alluval particle sizes are commonly
fine sand and smaller. Drainage patterns and soil development are similar to the Y2/Y1 surfaces (Table 1
), although cambic and incipient calcic horizons are more common. Some of the Y1 soils also contain
natric horizons (Soil Survey Staff, 1975:28). It is important to note that the Y1 terrace has experienced
approximately 2,000 years of irrigation agriculture (see Haury, 1976) which may have modified the
natural soil morphology by salinization, alkalization, and the accumulation of silts and clays in the upper
soil (Huckleberry, 1992).

There is little stratigraphic age control for Y1 alluvium. A Probicidean tusk (probably Mammuthus ) was
retrieved from ca. 7.0-9.0 m below the Y1 surface at a gravel quarry (SW1/4, Sec. 22, T.3S., R.5E.)
suggesting that late Pleistocene alluvium occurs at depth (Kevin Moody, oral commun., 1992). However,
the uppermost alluvium contains immature soils indicating a Holocene age. Ethnographic records by the
Pima (Russell, 1908) indicate that floods in 1833 and 1868 covered much of this surface. On the basis of
soils and topographic position, the Y1 terrace is correlatable with the Salt River's Lehi terrace (Pewe,
1978) which is estimated to be late Holocene to modem (Graybill and Nials, 1989). Y1 deposits correlate
with Fillmore deposits of the middle Rio Grande River (Gile and others, 1981), which have been dated at
1.0-7.5 ka. The Y1 terrace is estimated to be less than 10 ka (Table 2). (GRI Source Map ID 74379). (
OFR 92-07).

Qylr - Holocene floodplain and terrace deposits (<10 ka) (Holocene) - The Qy1r units consists of
floodplains and terraces that are spatially separated from the main channel system. Qy1r deposits
consist of sand, silt, and clay. Soils are classified as Torrifluvents and Camborthids, which are deep,
weakly dewveloped soils with some carbonate filaments and fine masses and weak soil structure in near
surface horizons. Qy1r surfaces which may experience sheetflooding during large flow events. (GRI
Source Map ID 74372). (QF_98-23).
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Qct - Colluvium and talus (Pleistocene to Holocene)

Qct - Colluvium and talus, undivided (< 750 ka) (Quaternary) - No additional unit description
provided on source map. (GRI Source Map ID 74889) (DI-24).

Qyif - Alluvium (Pleistocene to Holocene)

Qyif - Holocene to Pleistocene alluvium (Holocene to Pleistocene) - Fine-grained sheet-flood and
overbank deposits that mantle much of the lower piedmont area in the southeast part of the Union Hills
quadrangle and adjacent Paradise Valley. Urban dewelopment in this area precludes subdivision into
separate units. Deposits consist of sand, silt, and clay, with some fine gravel. This unit includes many
small channels, but also typically surround younger Qy channels. Soil development is generally weak to
moderate, consisting mainly of minor silt, clay, and carbonate accumulation (Stage I). Soils are
classified as Torrifluvents, except where the deposits are thin (<50 cm) over older soils. Surfaces may be
prone to flooding. Typically found in lower piedmont areas, possibly mantling older deposits.
Differentiated from basin center deposits by sedimentological evidence of surface slope sufficient to keep
water flowing on the depositional surface. Qlyf unit of Holloway and Leighty, 1998 (Union Hills, AZGS
OFR 98-20). (GRI Source Map ID 74889) (DI-24).

Qi3 - Piedmont alluvium, younger (late to latest Pleistocene)

Qi3 - Late to latest Pleistocene piedmont alluvium (Pleistocene) - Late Pleistocene alluvial fan
surfaces and terraces consisting of moderately sorted, clast-supported sandstone and conglomerate
with abundant granitic or metamorphic grawvel clasts in a tan to brown sandy to silty matrix. Surfaces are
moderately incised by stream channels, but still contain constructional, relatively flat, interfluval
surfaces. Subdued bar and swale topography is common. Desert pavement and rock varnish
development ranges from nonexistent to moderate. Surface colors are slightly more red (light brown to
reddish yellow) than Qy surfaces. Qi3 soils are also more strongly developed than Qy soils. Qi3 soils
commonly contain tan to red-brown argillic horizons that are weakly to moderately strongly developed.
These soils typically have Stage II-lll calcium carbonate development, and are classified as Haplargids,
Camborthids, and Calciorthids. The low infiltration rates of these surfaces favor plants that draw moisture
from near the surface. Qi3 surfaces are generally not prone to flooding, except immediately adjacent to
active washes. (GRI Source Map ID 74889) (DI-24).

Ma2 - Late Holocene alluvial surfaces adjacent to Ya2 channels (Holocene) - Ma2 fan surfaces
are late Pleistocene in age and located generally in proximal fan positions. These surfaces are
moderately dissected and have dendritic drainage patterns (Table 1). In places, a moderate desent
pavement is developed. Soils are quite variable and contain cambic, calcic (Stage I-ll), and argillic
horizons. Ma2 soils classify as Camborthids, Calciorthids, and Haplargids (Soil Survey Staff, 1975:159;
Appendix A: Soils 5 and 6).

Ma2 surfaces correlate with Bull's (1991) Q3a (8-12 ka) and possibly some of the younger Q2c¢ surfaces
(12-70 ka). Ma2 surfaces also correlate with Gile and others' (1981) Isaac's Ranch surface which they
age-estimate at 8-15 ka. The Ma2 surface probably dates to the last full glacial and is age-estimated at
10-20 ky (Table 2). (GRI Source Map ID 74379). (OER 92-07).
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Qi3r - River terrace and alluvium deposits (late Pleistocene)

Qi3r - Late Pleistocene river terrace and alluvium deposits (Pleistocene) - late Pleistocene river
terrace deposits; Alluvium on river floodplains (Late Pleistocene (~10 to 130 ka). AzGS regional Surficial
deposit unit, equivalent to QIr on some older maps. (GRI Source Map 1D 74889) (DI-24).

M - MGR Pleistocene terrace in the eastern GRIC area (Pleistocene) - M represents the only MGR
Pleistocene terrace in the eastern GRIC area. This terrace grades into adjacent basin floors in the Casa
Grande National Monument, Santan, Casa Blanca, and Snaketown areas. The M terrace is situated 3-6
m abowve the Holocene flood plain (Y1). As revealed near the surface, M sediments are predominantly
fine textured (sand, silt, and clay), but it is probable that MGR cobbles and grawvels occur at greater
depth. Due to the paucity of grawvels, the M surface tends to lack desert pavements. Soils tend to be
clayey and calcareous with calcic horizons having Stage lI-lll carbonate morphology (Table 1). These
soils classify as Haplargids and Natrargids.

Soil development and topographic position indicate that the M surface is late Pleistocene in age. The
red, argillic soils record at least the last full glacial episode approximately 20 ka and provide a minimum
age for the surface. Estimating an upper age for the M surface is more problematic. Since it grades into
the floors of the Picacho and Phoenix basins, it is probable that the M surface is spatially diachronous.
In age-correlating the M surface, it is easier to correlate that part which is MGR stream terrace. As a
stream terrace, the M surface correlates with the Rio Grande's Picacho terrace which is estimated to be
25-75 ka (Gile and others, 1981). As a basin floor surface, the M surface may be older. A relatively wide
age range of 20-200 ka is estimated for the M surface (Table 2). (GRI Source Map ID 74379). (OER 92-
07).

Qlrg - Late Pleistocene gravel deposits (10 to 130 ka) (Pleistocene) - Relatively coarse-grained
Pleistocene river terraces and alluvial fans that are slightly higher the the surrounding younger surfaces.
QIrg deposits typically consist of pebbles, some cobbles, and sand. Soils associated with the deposits
are classified as a Typic Calciorthids, with loam to sandy loam textures, massive to subangular blocky
structure, and carbonate coated clasts and nodules wit medium soft carbonate masses at a starting
depth of 36-76 cm. Extremely gravelly soils in this unit have silica-lime cemented pan fragments at an
average depth of 61 cm. (GRI Source Map ID 74372). (OF 98-23).

Qmir - River deposits, older (middle to late Pleistocene)

Qmlr - Middle to late Pleistocene river deposits (10 to 500 ka) (Pleistocene) - Late or middle
Pleistocene river terraces and alluvial fans on the basin floor. In areas that have been cultivated,
topographic differences between Pleistocene and Holocene surfaces may be undetectable, but on
historical aerial photos Pleistocene surfaces appear to be higher than surrounding younger surfaces. In
addition to topographic relief, Qmir soils are substantially more developed than younger soils. Qmlr soils
are classified as Calciorthids, Haplargids and Natrargids; they are fine-grained, and generally have well
deweloped structure and reddened argillic horizons and common soft carbonate nodules at a starting
depth of 33 to 66 cm. Soils of the Casa Grande series, included in this unit have natric horizons. (GRI
Source Map ID 74372). (OF 98-23).

Qi2 - Piedmont alluvium, older (middle to late Pleistocene)

Qi2 - Middle to late Pleistocene piedmont alluvium (Pleistocene) - Alluvial deposits that include
sand, loamy sand, gravely sand and minor gravel, poorly sorted with sand- to boulder-sized clasts.
Presened depositional surfaces in the upper piedmont form flat ridges separated by incised channels in
shallow valleys, and deposits tend to be coarsely textured given their proximity to mountain slopes. Qm
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surfaces are typically 2 to 10 m above modern channels. Desert pavement and rock varnish development
is moderate to strong on stable surfaces, but variable to weak on highly eroded surfaces. Soils are thick
and well developed with argillic, duric, and local petrocalcic horizons and brown to reddish brown surface
colors. These soils typically contain reddish argillic horizons moderately to strongly enriched in
pedogenic clay. Calcic horizon development is fairly strong (Stage II-1V), but soils generally do not have
cemented petrocalcic horizons (caliche). These soils classify as Calciorthids, Haplargids, Petroargids,
Paleargids, and Petrocalcids (Leighty, 1998; Soil Survey Staff, 1994). The combination of indurated soil
and moderate to steep slope precludes substantial surface infiltration into these deposits. Surfaces are
not prone to flooding, except near active washes. (GRI Source Map ID 74889) (DI-24).

Malp - Alluvial surface of soil number 3 (Pleistocene) - No additional unit description provided on
source map. (GRI Source Map ID 74379). (OER 92-07).

Qor - River deposits, oldest (early to middle Pleistocene)

Qor - Middle to early Pleistocene river deposits (-500 ka to 1 Ma) (Pleistocene) - Relict very old
river terraces. These surfaces are distinguished by strong carbonate accumulation. Their soils are
classified as Petrocalcic Paleargids. Typically, they have saline-sodic fine sandy loam argillic horizons
with well developed prismatic to subangular blocky structure, which are underlain by petrocalcic horizons
with a thin laminar cap at its top. These surfaces are altered by agricultural activity, and no stratigraphic
exposures were obsened. It is possible that the petrocalcic horizons are buried by thin packages of
much younger surface deposits. (GRI Source Map ID 74372). (OF 98-23).

Qop - Piedmont deposits, oldest (early Pleistocene)

Qo - Early Pleistocene piedmont deposits (Pleistocene) - Alluvial fan surfaces and deposits that
consist of typically very poorly sorted cobbles to clay, including angular to subangular cobbles and
pebbles and clay. Deposits typically are very poorly sorted, including angular to subangular cobbles and
pebbles with sand and minor silt and clay. These deposits are moderately consolidated and commonly
are indurated by soil carbonate. Surfaces are moderately to deeply dissected, with 2 to 10 m of relief
between channels and ridge crests. This unit occupies the highest topographic positions on the
piedmonts and occurs only on the upper piedmont. Original fan surfaces have been removed by erosion,
so the characteristic topographic expression of these deposits are alternating ridges and valleys. Soil
development is moderate to strong, depending on local presenvation. Reddish-brown argillic horizons are
moderately- to well-developed on planar, relatively well-preserved alluvial surface remnants in the Daisy
Mountain area. All soils are dominated by carbonate accumulation. Surfaces typically are littered by
carbonate fragments derived from eroded or perturbed petrocalcic horizons; this gives Qo surfaces a light
appearance on aerial photographs. Cemented petrocalcic horizons are commonly exposed on side
slopes below ridge crests. (GRI Source Map ID 74889) (DI-24).

Tby - Gila Group, basalt (Tertiary)

Thy - Basalt, Gila Group (Tertiary) - No additional unit description provided on source map. (GRI
Source Map ID 74889) (DI-24).

Talt - Apache Leap Tuff (Tertiary)

No additional unit description provided on source map. (GRI Source Map ID 74889) (DI-24).
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Tsm - Superstition Tuff, Miners Needle break (Tertiary)

Tsm - Miners Needle break of the Superstition Welded Tuff (Tertiary) - This unit is named for a
package of several (2-5) thin, welded or poorly welded flow units that crop out through the middle of
Miners Needle (in the Weavers Needle Quadrangle). The flow units are bounded by sharp contacts. (GRI
Source Map ID 74889) (DI-24).

Twsc - Whitetail Formation, sandstone and conglomerate (Tertiary)

Twsc - Sandstone and conglomerate, Whitetail Formation (Tertiary) - No additional unit
description provided on source map. (GRI Source Map ID 74889) (DI-24).

Twx - Whitetail Formation, granite breccia (Tertiary)

Twx - Granite breccia, Whitetail Formation (Tertiary) - No additional unit description provided on
source map. (GRI Source Map 1D 74889) (DI-24).

TKbi - Mafic dikes (Tertiary or Cretaceous)

No additional unit description provided on source map. (GRI Source Map ID 74889) (DI-24).

TKdi - Intermediate dikes (Tertiary or Cretaceous)

No additional unit description provided on source map. (GRI Source Map 1D 74889) (DI-24).

TKri - Felsic dikes (Tertiary or Cretaceous)

No additional unit description provided on source map. (GRI Source Map 1D 74889) (DI-24).

Kd - Diorite (Cretaceous)

No additional unit description provided on source map. (GRI Source Map 1D 74889) (DI-24).

Kg - Quartz monzodiorite to quartz monzonite (Cretaceous)

No additional unit description provided on source map. (GRI Source Map 1D 74889) (DI-24).

Kv - Vein arrays (Cretaceous)

No additional unit description provided on source map. (GRI Source Map 1D 74889) (DI-24).

Yd - Diabase (middle Proterozoic)

Yd - Diabase (middle Proterozoic) - Dark grey-green diabase composed of 1-5 mm, interlocking,
tabular, subhedral phenocrysts of green to black pyroxene, clear to white plagioclase, and 1-3 mm
opaque minerals (magnetite?). The opaque minerals are commonly altered to red iron oxides. (GRI
Source Map ID 74889) (DI-24).
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Yg - K-feldspar porphyritic granite (middle Proterozoic)

No additional unit description provided on source map. (GRI Source Map ID 74889) (DI-24).

Yge - Granite, equigranular phase (middle Proterozoic)

No additional unit description provided on source map. (GRI Source Map 1D 74889) (DI-24).

Ygs - Silicified granite (early to middle Proterozoic)

No additional unit description provided on source map. (GRI Source Map 1D 74889) (DI-24).

Xp - Pinal Schist, undifferentiated (early Proterozoic)

No additional unit description provided on source map. (GRI Source Map ID 74889) (DI-24).
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Ancillary Source Map Information
AZGS OF 92-07, Sheet 6

Huckleberry, Gary, 1992, Surficial Geology of the Eastern Gila River Indian Community Area, Western
Pinal County, Arizona: Blackwater 7.5' Quadrangle: Arizona Geological Suney, Open File Report OF 92-

07, Sheet 6 of 6, scale 1:24,000. (GRI Source Map ID 74379).
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Figure 1. The middle Gila River area, south-central Arizona.

Extracted from: OF 92-07 (GRI Source Map ID 74379).
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Table 1. Physical Characteristics of Geomorphic Surfaces

Table 1. Physical characteristics of geomorphic surfaces.

MOUNTAIN UPLAND/PIEDMONT

Soil
Surface  Dissection Drainage Soil Horizons  CO3 Stage  Pavement/Varnish Type Locality Description #
Ya2 dist. - anast, C 0 none ephemeral drainages
Yala <Im dist. Bw,Bk,Cox 0 none S of Twin Buttes 2,7
Yalb >1m dist. - dend, Bw, Bk, Cox 1 none Pit by I-10 rest area 4
Ma2 <2Zm dendritic Bw, Bk, Bt, Cox I-TT none to moderate ~ Upslope from Olberg 5,6
Ma2' >3m dendritic Bw, Bk, Cox I none to weak Base of Sacaton Mts, 1
Mal >3m dendritic Bt, Bk, Bkm II-IIT moderate to strong E of San Tan 3
Oa >6m dendritic Bkm m-v moderate to strong  Upslope from Olberg 8
RIVER VALLEY/BASIN FLOOR
Surface  Dissection Drainage Soil Horizons  CO3 Stage  Pavement/Varnish Type Locality
Y2 dist. - anast. C 0 none Gila River
Y2 dist. - anast. c 0 none Little Gila River
Y2/¥1 <3m dist. - dend. Bw, Bk, Cox I none McClellan Wash
Y1 <3m dist. - dend. Bw, Btn, Bk, Cox I none Gila River floodplain
M <4m dendritic Bt, Btn, Bk 1I-111 none Snaketown
Extracted from: OF 92-07 (GRI Source Map ID 74379).
Table 2. Surface Correlation and Age Estimates
Table 2. Surface Correlation and Age Estimates.
MOUNTAIN UPLAND/PIEDMONT
Lower Colorado
Middle Gila River River Region Las Cruces, N.M. Estimated
(Huckleberry; this report) (Bull 1991) (Gile and others 1981) Landform Age
Ya2 Q4b 3 <1ka
Yala Q4a Fillmore <1 ka
Yalb Q3c Fillmore 1-10 ka
Ma2 & Ma2' Q3a Isaac's Ranch 10-20 ka
Mal Q2a Jornada I 100-500 ka
Oa Q1 Dona Ana >500 ka
RIVER VALLEY/BASIN FLOOR
Lower Colorado
Middle Gila River River Region Las Cruces, N.M. Estimated
(Huckleberry; this report) (Bull 1991) (Gile and others 1981) Landform Age
Y2 Q4b - <1 ka
Y2 Q4b - <1 ka
Y2/Y1 Q4a Fillmore <1 ka
Y1 Q3c Fillmore <10ka
M - Picacho 20-200 ka

Extracted from: OF 92-07 (GRI Source Map ID 74379).
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Report
The report associated with OF 92-07 is provided as a PDF.

azgs_of 92-07.pdf (double-click link to open embedded report document)

AZGS OF 98-23, Sheet 4

Klawon, J.E., et.al., 1998, Geology and Geologic Hazards of the Casa Grande Area, Pinal County,
Arizona: Geologic Map of the Coolidge 7.5' Quadrangle: Arizona Geological Surney, Open-File Report
OF 98-23, Sheet 4 of 6, scale 1:24,000. (GRI Source Map ID 74372).

Location Map
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Figure 1. Location map for geologic mapping in the Casa Grande area. The six quadrangles mapped
for this project are labeled. The Casa Grande Mountains and Eloy North quadrangles in the
southeastern part of the index map were mapped previously by Jackson (1990).

Extracted from: OF 98-23 (GRI Source Map ID 74372).
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Introduction

Geologic maps have traditionally emphasized bedrock rather than unconsolidated
sediments, the latter usually being lumped into the generic category of "Tertiary and/or
Quaternary alluvium". This tradition has left many areas, especially those within the Basin and
Range physiographic province, incompletely mapped. Recently, however, there have been
systematic efforts to map unconsolidated surficial deposits at small (1:500,000), intermediate
(1:100,000), and large (1:24,000) scales (Demsey, 1989; Field and Pearthree, 1992; Hunt, 1978;
Jackson, 1990). The impetus for surficial geologic mapping lies in the fact that humans have a
vested interest in knowing the distribution and nature of late Cenozoic geological deposits and
landforms. Most of the Southwest's urban areas including Albuquerque, El Paso, Las Vegas,
Phoenix, and Tucson lie on basin fill. Consequently, there is an interest in the physical properties
of the substrata, the distribution of industrial minerals, and the potential for flooding and other
geologic hazards. These types of information can be obtained from surficial geologic mapping
(Pearthree, 1991). In addition to engineering concerns, other research-oriented information can
be gained as well. Because surficial geologic mapping is based on temporally discrete
geomorphic surfaces, it provides insight into climatic and tectonic mechanisms of landscape
evolution (Bull, 1991). Also, surficial geologic maps can be used to assess subsurface
archaeological potential (Davidson, 1985) and serve as a guide for avoiding archaeologically
sensitive areas.

This report presents the results of surficial geologic mapping of the eastern part of the
Gila River Indian Community (URIC) area in western Pinal County, Arizona. The area mapped is
covered by the Blackwater, Gila Butte, Gila Butte Northwest, Gila Butte Southeast, Sacaton, and
Sacaton Butte 7.5 minute quadrangles. The unifying geomorphic feature in these quadrangles is
the Gila River, although small segments of other large tributary streams also are included within
the project area (e.g., Santa Cruz River, Santa Rosa Wash, McClellan Wash). This mapping
project is an extension of the author's Ph.D. dissertation study on the fluvial history of the middle
segment of the Gila River (MGR). Although funding for the bulk of the mapping was provided by
the COGEOMAP program, a cooperative mapping project between the U.S. Geological Survey
and the Arizona Geological Survey, some of this work was made possible by the financial support
from Chevron USA, Inc. and the Maxwell Short Scholarship for research in the Southwest.
Gratitude is extended to the Gila River Indian Community for providing aerial photography and
granting permission to perform fieldwork.

Methods

Mapping of surficial geologic deposits is based on the assumption that different aged
surfaces have distinct, diagnostic, physical properties. A variety of physical criteria are used to
distinguish temporally discrete surfaces. These criteria include drainage patterns and degree of
stream dissection (Bull, 1991; Christensen and Purcell, 1985), desert pavement and rock varnish
development (Dorn, 1991), soil development (Birkeland, 1984), and relative topographic position.
In some cases, historical flood records help to identify late Holocene surfaces that are actively
aggrading.

Surficial geologic mapping of the eastern GRIC area involved four primary stages. The
first stage was distinguishing landforms and surfaces using aerial photographs. A combination of
historical and modern black-and-white photography at scales of approximately 1:30,000 and
1:58,000 were used for the study area. Stereoscopic analysis was particularly useful in the
delineation of surfaces based on morphometric properties. Boundaries were traced onto U.S.
Geological Survey 7.5 minute orthophotos.

The second stage involved verifying surface boundaries mapped from aerial
photography. Field reconnaissance allowed for inspection of desert pavement, rock varnish, and





soil development. Soil pits were excavated on alluvial fan surfaces and described according to
the Soil Survey Manual (Soil Survey Staff, 1951; Appendix A). Calcium carbonate development, a
useful indicator of soil age, was characterized using Machettels (1985) revision of Gile and
others' (1966) original morphogenetic system.

The third stage involved checking map-unit boundaries with soil surveys (Adams, 1974;
Camp, 1986; Hall, 1991). In areas that have been cultivated, soil survey data constituted the
primary criteria for distinguishing temporally discrete surfaces.

The final stage was the correlation and age-estimation of surfaces. Whereas
distinguishing surfaces based on physical criteria is largely objective and straight forward,
correlation of surfaces is not. As the size of a study area increases, so do the variety and
combination of surface characteristics. Penecontemporaneous surfaces may have different
characteristics because of factors other than time. For example, lithologic variability may result in
surfaces of comparable age having contrasting stream dissection and pavement development.
Soil development may also vary between similarly aged surfaces due to differences in parent
material or differential preservation. Consequently, several physical lines of evidence were
considered as a whole, and parameters were given variable weight in different areas depending
on site-specific circumstances.

Once landform surfaces were correlated within the project area, the next step was to
assign approximate ages. Although there are a variety of Quaternary dating techniques that result
in both relative and absolute age estimates (see Easterbrook, 1988), dating Quaternary deposits
and surfaces is often problematic. Many of the methods, especially those that date surface
exposure, are still in their developmental stages. Isotopic dating methods (e.g., 14C and K-Ar)
provide numerical age estimates for Quaternary deposits, but it is commonly difficult to find the
appropriate materials needed for dating (e.g., organic matter or volcanics) in an appropriate
stratigraphic context. Furthermore, age control on stratigraphy at depth may not reflect the age of
the overlying surface since there may be unrecognizable stratigraphic unconformities at depth.

These problems usually result in the reliance on correlated- or relative-age assignments
for Quatemary surfaces and deposits. Most of the mapped Quaternary deposits in the eastern
GRIC area are correlated in age to similar deposits and landforms which have been studied and
age estimated elsewhere in the Southwest. Late Quaternary alluvial stratigraphy has been well
dated along the upper tributaries of the Gila River, primarily the San Pedro and Santa Cruz rivers
(Haynes, 1987; Waters, 1988). Whereas these studies are useful for correlating some of the
younger MGR deposits, they are difficult to apply to piedmont landforms as well as older stream
terraces. The majority of surficial deposits and landforms in the eastern GRIC area are correlated
to landforms studied in detail in southern New Mexico (Gile and others, 1981) and in the lower
Colorado River area (Bull, 1991). These two areas provide a temporal framework for analyzing
arid and semiarid soil and landform development, and help to estimate landform age along the
MGR.

Geomorphic Setting

The project area is located within the Sonoran Desert section of the Basin and Range
physiographic province, a region characterized by steep, normal faulted, block mountains and
downdropped basins. The MGR emerges from the mountainous Mexican Highlands section of the
province approximately 20 km upstream from Florence and flows generally westward across the
southern portion of the Phoenix Basin (Pewe, 1978; Figure 1). The project area is divided into two
principal zones: Mountain Upland/Piedmont and River Valley/Basin Floor. The Mountain
Upland/Piedmont zone comprises mountains, pediments, and alluvial fans. The River
Valley/Basin Floor zone includes Holocene and Pleistocene stream terraces, and basin floor
surfaces that grade to Pleistocene stream terraces.

Within the eastern GRIC area, the MGR terrace sequence is generally characterized as a





single Pleistocene terrace above the Holocene flood plain (EI-Zur, 1965; Haury, 1976:122).
Exceptions do occur in places such as at Sacaton where piedmont surfaces extend all the way to
Holocene terraces. Upstream from the study area, at least three Pleistocene terraces are
recognized in the Florence area (Morrison, 1985; Pewe, 1978). Downstream from the study area,
below the junction of the Salt and Gila rivers, two to four Pleistocene terraces have been
identified (Lee and Bell, 1975; Morrison, 1985; Ross, 1922).

The Holocene flood plain is well defined along most of the MGR and varies in width from
approximately 1 km at the Southern Pacific railroad bridge (near Casa Grande National
Monument) to over 4 km in the Casa Blanca and Snaketown area. Historical records indicate that
the MGR flowed most of the year and was characterized by a narrow, relatively deep channel
with an extensive riparian woodland (Rea, 1983). Most of the Holocene flood plain is now
agriculturally developed, and indigenous riparian flora have been replaced largely by exotic
tamarisk (Tamarix). Since construction of Coolidge Dam in 1928, the MGR channel has only
occasionally supported streamflow during periods of above normal precipitation.

In the eastern GRIC area, the MGR passes between two mountain ranges: the Sacaton
and Santan mountains (Figure 1). Both mountain ranges are pedimented to some degree and
contain different aged alluvial fans. Alluvial fan deposits and a heavily dissected pediment extend
from the Santan Mountains and adjacent hills to the Holocene flood plain of the MGR. The
Sacaton Mountains contain a less dissected pediment and alluvial fan complex. Most of the
Sacaton Mountain pediment is covered by a thin layer of alluvium which led Kirk Bryan (1925) to
use the term "concealed pediment" to describe this landform. In addition to these mountain
ranges, bedrock emerges above the alluvial surface in several places as isolated knobs and hills
(e.g., Gila Butte). The presence of many inselbergs indicates that unlike structural basins to the
north in the Phoenix area, the depth of basin fill along the MGR is at scales of 100's rather than
1000's of meters (see Lippincott, 1900).

Map Units

Three primary symbols are used to distinguish surfaces in the Upland Mountain/Piedmont and
River Valley/Basin Floor areas along the MGR: Y (young), M (middle or intermediate), and 0 (old).
A lower case "a" following one of these primary symbols denotes alluvial fan surfaces and
channels. Each primary symbol may be subdivided into secondary (e.g., Y1 and Y2) and tertiary
levels (Yala and Yalb). If a landform has characteristics transitional between two map units, then
both units are presented and separated by a slash (e.g., Y2/Y1). The subscript "p" indicates a
buried pediment as evidenced by bedrock exposures along drainages. Steeply sloping bedrock is
denoted by "b"; exposed pediments are marked by "ped".

Where boundaries between temporally discrete surfaces are distinct, the boundary is
marked by a solid line. If surface characteristics change gradually, a dashed line is used to mark
the approximate boundary. Where a surface with uniform characteristics cannot be traced with
certainty due to agricultural fields, a dotted line is used to designate agricultural field boundaries.
This latter boundary may separate a secondary or tertiary level designation with a less resolute,
primary designation (e.g., Yalb and Yal). The degree of detail shown on the maps varies
considerably due to spatially variable surface modifications, e.g., agriculture.





Surfaces and Their Age Estimates Mountain Upland/Piedmont Area
Ya2

Ya2 denotes modern ephemeral streams draining the bajada surrounding the MGR. These
channels are lined with palo verde (Cercidium), mesquite (Prosopsis), and ironwood (Olneya).
Both distributary and anastomosing drainage patterns are present within Ya2 channels (Table 1).
These ch?nnels tend to flow after locally heavy rainstorms. Ya2 channels are estimated to be less
than 1 ka

11 ky = 1,000 years; 1 ka = 1 ky before present; 1 My = 1 million years; 1 Ma = 1 My before
present (North American Commission on Stratigraphic Nomenclature, 1983)

Yala

Yala represents late Holocene alluvial surfaces adjacent to Ya2 channels and are
located generally in the distal portions of alluvial fans. In places, Y1la alluvium overlies pediment.
These surfaces are only slightly dissected (Table 1) and support both sheetflow and distributary
drainage. Soil development is slight: oxidation (slight reddening) and incipient calcification are the
predominant pedogenic processes on Yala surfaces. Soils classify as Torrifluvents and
Camborthids (Soil Survey Staff, 1975:170, 189; Appendix A: Soil 2). The cambic horizons in
these soils are based on slight reddening and probably should be considered oxidized C horizons
[see Birkeland's (1984:8) "Cox" horizon].

The Yala surface correlates with Bull's (1991) Q4a surface which he age-estimates at
0.1-2.0 ka Yala deposits are comparable in topographic position and soil development to the
younger Fillmore alluvium age estimated at 0.1-7.0 ka (Gile and others, 1981). Yala sediments
are age estimated at less than 1 ka (Table 2).

Yalb

Yalb surfaces are similar to those of Yala except there is greater dissection resulting in
the development of dendritic as well as distributary drainage patterns (Table 1). Yalb alluvium
occurs in distal alluvial fan positions and on pediments. Soils are more mature and contain better
developed cambic and calcic (Stage 1) horizons (Appendix A: Soil 4). Where Yalb alluvium
overlies pediment, there may be a petrocalcic horizon at depth, but this horizon is associated with
a buried soil and not Yalb alluvium. Such soils classify as Paleorthids (Soil Survey Staff,
1975:176), but the majority of Yalb soils classify as Camborthids, Calciorthids, and Natrargids
(Soil Survey Staff, 1975: 163, 168). Natrargids are generally restricted to the lower distal portions
of alluvial fans and imply former shallow water tables.

The Yalb surface correlates to Bull's (1991) Q3c surface (2-4 ka) and the older Fillmore
alluvium (Gile and others, 1991). Yalb is age-estimated to be 1-10 ka (Table 2).
Yal

Yal represents Holocene alluvial fan surfaces that cannot be distinguished into Yala and Yalb
due to obscuring surface features, chiefly agricultural fields.





Ma2

Ma2 fan surfaces are late Pleistocene in age and located generally in proximal fan
positions. These surfaces are moderately dissected and have dendritic drainage patterns (Table
1). In places, a moderate desert pavement is developed. Soils are quite variable and contain
cambic, calcic (Stage I-11), and argillic horizons. Ma2 soils classify as Camborthids, Calciorthids,
and Haplargids (Soil Survey Staff, 1975:159; Appendix A: Soils 5 and 6).

Ma2 surfaces correlate with Bull's (1991) Q3a (8-12 ka) and possibly some of the
younger Q2c surfaces (12-70 ka). Ma2 surfaces also correlate with Gile and others' (1981)
Isaac's Ranch surface which they age-estimate at 8-15 ka. The Ma2 surface probably dates to
the last full glacial and is age-estimated at 10-20 ky (Table 2).

Ma2'

At the base of the Sacaton Mountains are Ma2' fan deposits. These deposits comprise
isolated alluvial fan remnants which are heavily dissected and situated above adjacent Holocene
fan alluvium (Table 1). Only the proximal portions of these alluvial fans are preserved. Soils are
not particularly well developed (Appendix A: Soil 1) reflecting active surface degradation. In
places, remnants of a desert pavement are evident, but surface stones are only weakly
varnished.

Although Ma2' alluvial fans have immature soils, it is clear from fan morphometry that
these deposits were formed during the Pleistocene and subsequently eroded. Such dynamics
imply large magnitude climate change, and the most likely candidate is the transition from full
glacial to interglacial approximately 10 ka. Ma2' fan deposits are considered
penecontemporaneous with Ma2 fan deposits (Table 2).

Mal

Mal fan deposits are highly dissected resulting in a series of concordant ridges. Surfaces
are dissected greater than 3 m, and drainage is dendritic (Table 1). Desert pavement and rock
varnish development vary between moderate and strong. Rock varnish color is reddish but varies
between clasts of different lithology. Soils have argillic, calcic, and petrocalcic horizons (Stage II-
Il1+) and classify as Haplargids, Paleargids, Calciorthids, and Paleorthids (Soil Survey Staff,
1975:165, 176; Appendix A: Soil 3).

Mal surfaces correlate to Bull's (1991) Q2a surface (400-730 ka) and Gile and others'
(1981) Jornada | surface (250-400 ka). The Mal surface is age-estimated at 100-500 ka (Table 2).

Oa

The oldest alluvial fan deposits are labeled Oa. Like Mal, Oa deposits are also heavily
eroded into a series of concordant ridges. The degree of dissection is variable ranging 3 - 8+ m
(Table 1). Soils generally contain petrocalcic horizons (Stage 1lI-V; Appendix A: Soil 8).
Pavements are differentially preserved and contain stones that are moderately to strongly
varnished. It is probable that the pavements have formed after surface degradation and thus do
not reflect landform age. This is supported by fragments of petrocalcic horizons which are
common at the surface.

The Oa deposits correlate with Q1 deposits in the lower Colorado River Valley (Bull,
1991) and the Dona Ana surface of the middle Rio Grande Valley (Gile and others, 1981). Both
the Q1 and Dona Ana surfaces have open-ended age-estimates ranging from greater than 400 ka

The main channel of the MGR has formed since 1905 when a large flood destroyed much
of the riparian community and converted a narrow stream channel into a broad, braided channel





for the Dona Ana surface to greater than 1.2 Ma for the Q1 surface. The Oa surface is probably
500 ka to 1 Ma.

River Valley/Basin Floor

Y2

Y2 represents the modern channel of the MGR and of the Santa Cruz River where the
natural channel is still extant. Streamflow in the MGR is generally confined to a single channel
(referred here as the low-flow channel) that is incised 1 to 3 m below the adjacent terraces (Table
1). In places, however, channel depth decreases and the low-flow channel diverges into several
subchannels resulting in a distributary to anastomosing stream pattern. Banks of the low-flow
channel are lined with Tamarix. The low-flow channel cross-sectional area decreases
downstream within the eastern GRIC area reflecting seepage losses within the channel during
infrequent streamflow.

The main channel of the MGR has formed since 1905 when a large flood destroyed much
of the riparian community and converted a narrow stream channel into a broad, braided channel
(Rea, 1981). Since 1905, Tamarix has invaded the flood plain, and the low-flow channel has
become re-established. Although the modern channel dates to 1905, historical maps and the
distribution of Pima archaeological sites indicate that the pre-1905 channel was located more or
less in the same location. The Y2 channel is estimated to be less than 1 ka (Table 2).

Y2'

Y2' represents secondary channels of the MGR, Santa Cruz River, Santa Rosa Wash,
and Queen Creek” that support flood flow. The Y2' designation is also applied to former primary
channels of the Santa Cruz River and Santa Rosa Wash that have been leveled and replaced by
agricultural fields. On the MGR, streamflow within Y2' channels is generally confined and inset
less than 3 m below adjacent terraces (Table 1). Streamflow is less confined in the Y2' channels
in the Santa Cruz River resulting in distributary to anastomosing drainage patterns.

Y2' channels are also less than 1 ka (Table 2). The most prominent Y2' channel within
the eastern GRIC area is the Little Gila River, which is ethnohistorically documented (Russell,
1908). There is some question as to whether the Little Gila River is natural channel or a former
Hohokam/Pima canal subsequently enlarged by MGR floods. Although a canal was diverted from
the terminus of the Little Gila River and extended to McClellan Wash and the Sacaton area, the
Little Gila River proper is a natural flood channel incised into adjacent Holocene terraces in the
Blackwater area.

ZA paleochannel of Queen Creek is identified in the northern part of the Gila Butte and Gila Butte
Northwest quadrangles based on soil survey data (Adams, 1974).

Y2/Y1

Y2/Y1 is a terrace transitional between the Y2 MGR channel and the higher Y1 terrace.
In places, there is a terrace scarp separating Y2/Y1 and Y1 surfaces, however, elsewhere (e.g.,
Sacaton) there is no definite boundary. In such places, the Y2/Y1 surface is defined by areas
frequently flooded by tributary streams (e.g., McClellan Wash) graded to this surface. Drainage
on the Y2/Y1 surface is distributary to dendritic (Table 1). The terrace contains both lateral
accretion (channel) and vertical accretion (overbank) deposits. Channel deposits consist of
massive or crudely bedded gravels and cobbles and medium to very coarse sands with some
planar and trough cross bedding. The overbank sediments are finer textured and consist largely
of laminated to massive silt and fine sand. Incipient soil development is recognized in some of the
Y2/Y1 sediments; soils classify as Torrifluvents and consist of thin A horizons over unaltered

2 A paleochannel of Queen Creek is identified in the northern part of the Gila Butte and Gila Butte
Northwest quadrangles based on soil survey data (Adams, 1974).





stratified alluvium. Less common are Camborthids and Calciorthids which contain cambic and
weakly developed calcic B horizons, respectively. Again, like in the Yala deposits, the cambic B
horizons in Y2/Y1 sediments might be better described as Cox horizons.

The Y2/Y1 surfaces are late Holocene in age. They have experienced frequent flooding
from both the MGR and its tributaries. Portions of these surfaces were flooded in 1983 by the
MGR, a flood with an estimated recurrence interval of 50-100 years (Roeske and others, 1986).
In the Sacaton area, this surface was flooded in July, 1990 by streams draining the Sacaton
Mountain piedmont and McClellan Wash. These surfaces are age-estimated at less than 1 ka
(Table 2).

Y1l

Y1 is the main fill terrace within the MGR's Holocene geologic flood plain. Y1 also
represents interfluves within the Santa Cruz and Santa Rosa drainages. Along the MGR, the
boundaries of the Y1 terrace are well delineated by surrounding Pleistocene terraces. Y1 terraces
characteristically contain channel deposits with a 1-3 m cap of lower energy, overbank sediments.
Overbank alluvial particle sizes are commonly fine sand and smaller. Drainage patterns and soil
development are similar to the Y2/Y1 surfaces (Table 1), although cambic and incipient calcic
horizons are more common. Some of the Y1 soils also contain natric horizons (Soil Survey Staff,
1975:28). It is important to note that the Y1 terrace has experienced approximately 2,000 years of
irrigation agriculture (see Haury, 1976) which may have modified the natural soil morphology by
salinization, alkalization, and the accumulation of silts and clays in the upper soil (Huckleberry,
1992).

There is little stratigraphic age control for Y1 alluvium. A Probicidean tusk (probably
Mammuthus ) was retrieved from ca. 7.0-9.0 m below the Y1 surface at a gravel quarry (SW1/4,
Sec. 22, T. 3 S., R. 5 E.) suggesting that late Pleistocene alluvium occurs at depth (Kevin Moody,
oral commun., 1992). However, the uppermost alluvium contains immature soils indicating a
Holocene age. Ethnographic records by the Pima (Russell, 1908) indicate that floods in 1833 and
1868 covered much of this surface. On the basis of soils and topographic position, the Y1 terrace
is correlatable with the Salt River's Lehi terrace (Pewe, 1978) which is estimated to be late
Holocene to modem (Graybill and Nials, 1989). Y1 deposits correlate with Fillmore deposits of the
middle Rio Grande River (Gile and others, 1981), which have been dated at 1.0-7.5 ka. The Y1
terrace is estimated to be less than 10 ka (Table 2).

M

M represents the only MGR Pleistocene terrace in the eastern GRIC area. This terrace
grades into adjacent basin floors in the Casa Grande National Monument, Santan, Casa Blanca,
and Snaketown areas. The M terrace is situated 3-6 m above the Holocene flood plain (Y1). As
revealed near the surface, M sediments are predominantly fine textured (sand, silt, and clay), but
it is probable that MGR cobbles and gravels occur at greater depth. Due to the paucity of gravels,
the M surface tends to lack desert pavements. Soils tend to be clayey and calcareous with calcic
horizons having Stage Il-Ill carbonate morphology (Table 1). These soils classify as Haplargids
and Natrargids.

Soil development and topographic position indicate that the M surface is late Pleistocene
in age. The red, argillic soils record at least the last full glacial episode approximately 20 ka and
provide a minimum age for the surface. Estimating an upper age for the M surface is more
problematic. Since it grades into the floors of the Picacho and Phoenix basins, it is probable that
the M surface is spatially diachronous. In age-correlating the M surface, it is easier to correlate
that part which is MGR stream terrace. As a stream terrace, the M surface correlates with the Rio
Grande's Picacho terrace which is estimated to be 25-75 ka (Gile and others, 1981). As a basin





floor surface, the M surface may be older. A relatively wide age range of 20-200 ka is estimated
for the M surface (Table 2).

Interpretations of Landscape Evolution

The variety of landforms and surficial deposits along the MGR in the eastern part of the
GRIC bespeaks of a complex history of tectonism and climate change. Although much of the
bedrock exposed in the Sacaton and Santan mountains is of Laramide age and older (i.e., older
than 40 my), major elements of the modern landscape were produced by geologic events since
the Basin-Range tectonic event, approximately 10 Ma. During the Basin-Range disturbance
extensional forces fractured the upper crust creating a series of horsts and grabens. The
relatively higher mountain blocks eroded, and basin sediment filled the grabens. Dating back to
this period are the oldest landforms within the project area: the Sacaton and Santan pediments.
Pediment formation rates vary considerably due to spatially variable factors like lithology and
climate (Menges and McFadden, 1981). Some pediments situated high above the upper Gila
River valley bottom are older than 5 Ma (Morrison, 1985). Since the Sacaton and Santan
pediments are dissected generally less than 10 m and graded at or close to the present stream
valley, it is likely that they are somewhat younger, perhaps 2-3 Ma. If so, these pediments
indicate 2-3 My of relative tectonic quiescence in this area.

The earliest Gila River deposits to be indirectly dated by radiometric techniques are
located downstream from the project area near Gillespie Dam where overlying volcanics were K-
Ar dated at 3.2 ma (Shafiquallah and others, 1980). Upstream from the project area near
Florence, all Gila River alluvium post-dates local volcanics including the China Wash basalt
(8.87+.26 Ma) and Poston Butte (5.86+.14 Ma) (Reynolds and others, 1986). Because of limited
stratigraphic exposures, it is difficult to assess the age of the earliest MGR alluvium. It is
reasonable that deeply buried MGR alluvium is Pliocene (1.6-5.3 Ma) in age, but near the
surface, all of the MGR alluvium is considered Quaternary (< 1.6 Ma) in age.

Quaternary climate change has been the driving force of aggradation and degradation in
the eastern GRIC area. Although south-central Arizona escaped glaciation, this area was subject
to significant changes in temperature and moisture. It is probable that the climate in the MGR
area shifted between mesic-semiarid and thermic-arid during the numerous glacial-interglacial
cycles. The direct relationships between aggradation and degradation and climate change are still
not fully understood due to the myriad of other factors that affect geomorphic processes (e.g.,
lithology, hydrology, vegetation, etc.). Nonetheless it is certain that Quaternary climate change
results in landscape instability, and along the MGR, this instability is recorded by different levels
of temporally discrete alluvial fan and stream terrace surfaces. The episodic interuption of overall
late Cenozoic basin aggradation has resulted in a pattern of older alluvial surfaces being located
at higher elevations near the backslopes of the valleys, a pattern recognized in nearby areas
(e.g., Field and Pearthree 1991). Also characteristic of the region is the incomplete landscape
record of the numerous Quaternary climatic changes. Although at least 10 glacial-interglacial
cycles are hypothesized for the Quaternary, the project area contains only three primary
Pleistocene alluvial fan surfaces and only one Pleistocene stream terrace. This implies that either
earlier landforms have been effaced or buried, or that every major climate change was not
accompanied by a major geomorphic response.

The fact that there is only one Pleistocene stream terrace (M) within the project area
indicates that the MGR has aggraded at timescales of 105 years interupted by episodic
degradation at shorter timescales of 104 years. If so, older terraces may occur at depth. The last
major episode of entrenchment happened towards the end of the Pleistocene resulting in the
isolation of the M terrace. Unlike late Pleistocene surfaces in the Mountain Upland/Piedmont
zone, the M surface is minimally incised by MGR tributary drainages. This probably reflects both
the nascent aspect of the entrenchment and the arid to semiarid climate. Only within the last 20
ky has the MGR incised 3-6 m below the valley floor creating a lower base level of erosion for
tributary streams. Furthermore, during much of this time, there has been limited runoff, and hence





limited stream power, for tributary streams to incise into the M terrace.

In the Mountain Upland/Piedmont zone, alternating periods of aggradation and
degradation are better preserved in the suites of alluvial fans. The source of these sediments is
the adjacent mountainous areas, particularly the Sacaton and Santan mountains. Interestingly,
these mountains today contain very thin and sparse colluvial and soil covers. This limits the
amount of aggradation occurring in the piedmont system today. Most of the recent aggradation
appears to be reworking of older Y, M, and 0 alluvial fan sediments downslope. The paucity of
alluvium/colluvium in the mountains and abundance in the piedmonts has been noted elsewhere
in the Sonoran and Mojave deserts (Bull, 1991:164). The evidence suggests a regional climate
change whereby colluvium which developed via mechanical and chemical weathering during
semiarid (i.e., glacial) conditions in the mountains was stripped during a shift to a more arid (i.e.,
interglacial) climate. Much of the bedrock in the Sacaton and Santan mountains is granite and
guartz monzonite (Balla, 1972) -- lithologies that are susceptible to weathering and mantle
formation during relatively moist periods due to the presence of labile minerals and phaneritic
textures (Birkeland, 1984:170-181; Bull, 1991). In addition to the bedrock as a sediment source,
Pleistocene alluvial fans have also been degraded and served as a sediment supply (e.g., M2'
alluvial fans). Most of the Y alluvial fans have been produced by the Pleistocene-Holocene
climatic shift approximately 10 ka. Although this bedrock-stripping and alluvial fan degradation
event can be explained by a general shift to more arid conditions alone, increases in rainfall
intensity associated with a stronger monsoon during the early Holocene (Spaulding and
Graumlich, 1986) may also have played a role.

Summary

Within the eastern Gila River Indian Community area, there are a variety of landforms
which have distinct surficial characteristics that allow for the identification and mapping of
temporally discrete surfaces. The surficial geologic maps produced in this study provide an
opportunity to analyze the spatial and temporal distribution of alluvial fans and stream terraces
along the middle segment of the Gila River. Estimates of landform age indicate how geologically
active some surfaces are. Many surfaces within the study area are presently aggrading and
subject to flooding. Future work should be directed in refining the age estimates of MGR stream
terraces and adjacent alluvial fans. Radiocarbon dating of latest Quaternary alluvium in
combination with other numerical-age as well as calibrated-age methods is needed. An improved
geochronology will benefit both assessments of geologic hazards, particularly flooding, as well as
attempts to define climate-landscape relationships.
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Appendix A: Soil Description

Soil No. 1

Alluvial Surface: Ma2'

Classification: Torrifluvent

Location: Pinal County, Arizona; NE 1/4, SE 1/4, SW 1/4, Sec. 2, T.5S.,R. 6 E.

Physiographic Position: Apex of relict alluvial fan near base of Sacaton Mts.; elev. 540 m.

Topography: Relict ridge of alluvial fan; 2-5% slope; WSW aspect.

Vegetation: Creosote (Larrea); bursage (Franseria); cholla (Opuntia); assorted desert grasses.

Sampled by: Gary Huckleberry, February 17, 1992.

Remarks: Soil moist in upper 60 cm. Incipient to moderate Fe varnish on the bottoms of quartz
and granite stones at surface. Phaneritic felsics are highly weathered and friable. Coxl
slightly enriched in fines. No stratification. Alluvium is from adjacent wash.

Cox1l 0-10cm. Light brown (7.5YR 6/4) gravelly loamy coarse sand, strong brown (7.5YR 4/6)
moist; massive to single grain; loose to very friable (moist), nonsticky and nonplastic
(wet); noneffervescent; clear smooth boundary.

Cox2 10-60+ cm. Light brown (7.5YR 6/4) very gravelly coarse sand, strong brown (7.5YR 4/6)
moist; single grain; loose (moist), nonsticky and nonplastic (wet); noneffervescent.

Alluvium Pale brown (10YR 6/3) gravelly coarse sand, brown to dark brown (10YR 4/3)
moist; single grain; loose (moist), nonsticky and nonplastic (wet); no effervescence.

Soil No. : 2

Alluvial Surface: Yala

Classification: Torrifluvent

Location: Pinal County, Arizona; SW 1/4, SW 1/4, Sec. 2, T.5S.,, R. 6 E.

Physiographic Position: Young alluvial fan below relict fan and ca. 70 m upslope from exposed
pediment (Sacaton Mts.); elevation 513 m.

Topography: Bar and swale of alluvial fan; 1-2% slope; W aspect.

Vegetation: Creosote (Larrea); cholla (Opuntia); assorted desert grasses.

Sampled by: Gary Huckleberry, February 17, 1992.

Remarks: Soil pit on grassy interfluve. Soil moist to 55 cm depth. No stratification. No varnish on
the bottom sides of surface stones.

Cox1 0-20 cm. Light brown (7.5YR 6/4) gravelly loamy medium to coarse sand, strong brown
(7.5YR 4/6) moist; massive to single grain; loose to very friable (moist); nonsticky and
nonplastic (wet); noneffervescent; gradual smooth boundary.

Cox2 20-55+ cm. Light brown (7.5YR 6/4) very gravelly loamy coarse sand, strong brown
(7.5YR 4/6) moist; single-grain; loose (moist); nonsticky and nonplastic (wet);
noneffervescent.





Soil No.: 3

Alluvial Surface: Malp

Classification: Paleargid

Location: Pinal County, Arizona; SE 1/4, SE 1/4, SE 1/4, Sec. 3, T.5S., R. 6 E.

Physiographic Position: Concealed pediment () next to Sacaton Mts.; elevation 498 m.

Topography: Interfluve; 1-2% slope; WNW aspect.

Vegetation: Creosote (Larrea); cholla (Opuntia); saguarro (Cereus); Ocotillo (Fouqueria) assorted

desert grasses. Sampled by: Gary Huckleberry, February 17, 1992.

Remarks: Angular granitic gravels and cobbles cover 20-60% of surface, but not a tightly-packed
pavement. There is a 0.5 cm silt cap overlying the Bt horizon. Incomplete exposure of
profile due to petrocalcic horizon.

Bt 0-8 cm. Light reddish brown to reddish yellow (5YR 6/5) gravelly sandy clay, yellowish
red (5YR 4/6) moist; weak, fine to medium, subangular blocky structure; friable (moist),
slightly sticky and plastic (wet); non effervescent; abrupt smooth boundary.

Btk 8-22 cm. Light brown (5YR 6/4) very gravelly sandy clay with many, large, distinct pink
(5YR 8/3) mottles, yellowish red (5YR 4/6) with pink (7.5YR 8/4) mottles (moist); weak,
fine to medium, angular blocky structure; firm (moist); slightly sticky and slightly plastic
(wet); extremely violent effervescence (Stage I+ carbonates); abrupt smooth boundary.

Bkm  22-24+ cm. Pinkish white (7.5YR 8/2), pink (7.5 8/4) moist; massive; extremely hard (dry);
extremely violent effervescence (Stage IV carbonates).

Soil No.: 4

Alluvial Surface: YalbP

Classification: Paleorthid

Location: Pinal County, Arizona; NW 1/4, NE 1/4, SW 1/4, Sec. 32, T.4S.,R. 6 E.; ca. 35 m SE
of the SE corner of a borrow pit.

Physiographic Position: Concealed pediment next to Sacaton Mts.; elevation 435 m.

Topography: Broad alluvial (1%) slope; N aspect.

Vegetation: Creosote (Larrea); Palo Verde (Cercidium); assorted desert grasses.

Sampled by: Gary Huckleberry, February 17, 1992.

Remarks: Borrow pit indicates that granite is ca. 1-1.5 m deep. Soil moist to 50 cm depth. Ghost
stone of granite at 43 cm depth. Few gravels or cobbles at surface. No varnish. Abundant
algal crusts. Platy structure in Bkl is likely due to cattle trampling.

Bkl 0-4 cm. Light brown (7.5YR 6/4) sandy loam, brown to strong brown (7.5YR 4/5) moist;
weak, fine, platy to angular blocky structure; very friable (moist), nonsticky and slightly
plastic (wet); strong effervescence; distinct smooth boundary.

Bk2 4-10 cm. Light brown (7.5YR 6/4) sandy loam, brown to strong brown (7.5YR 4/5) moist;
weak, fine, angular blocky structure; very friable (moist), nonsticky and slightly plastic
(wet); strong effervescence; abrupt smooth boundary.

2Bkl 10-33 cm. Light brown (7.5YR 6/4) loamy coarse sand, strong brown (7.5YR 5/6) moist;
massive; loose to very friable (moist), slightly sticky and slightly plastic (wet); violently
effervescent (Stage | carbonates); distinct smooth boundary.

2Bk2  33-58 cm. Pink (7.5YR 7/4) loamy coarse sand, pink (7.5YR 7/4) with common, fine,
distinct pinkish white (7.5YR 8/2) mottles moist; massive; loose (moist); slightly sticky and
slightly plastic (wet); extremely violent effervescence (Stage Il carbonate); abrupt smooth
boundary.





2Bkm 58-60+ cm. Pinkish white (7.5YR 8/2), pinkish gray (7.5YR 7/2) moist; massive; extremely
violent effervescence (Stage IV carbonate).

Soil No.: 5

Alluvial Surface: Ma2

Classification: Haplargid

Location: Pinal County, Arizona; SW 1/4, SW 1/4, SW 1/4, Sec. 6, T. 4 S., R. 7 E.; alluvial fan

upslope from Olberg

Physiographic Position: Disected alluvial fan deposits, SW slope, Santan Mts.; elevation 402 m.

Topography: Broad alluvial (1%) slope; SW aspect.

Vegetation: Creosote (Larrea); palo verde (Cercidium); ironwood (Olneya); assorted desert

grasses. Sampled by: Gary Huckleberry, February 17, 1992.

Remarks: Adjacent to scarp of fan terrace above an incised meander bend of a wash. Moderately
developed desert pavement. Light Fe varnish on bottoms of stones; tops are moderately
Mn varnished. Mixed parent material (both felsics and mafics). Although some stones at
surface have discontinuous carbonate rinds, carbonates arc not visible within the soil
profile.

Btkl  0-15 cm. Light brown to brown (7.5YR 5.5/4) sandy clay loam, strong brown (7.5YR 5/6)
moist; weak, fine, subangular blocky structure; very friable (moist); slightly sticky and slightly
plastic (wet); slightly effervescent; clear, smooth boundary.

Btk2  15-30 cm. Pink (7.5YR 7/4) sandy clay loam, strong brown (7.5YR 5/6) moist; weak, fine,
subangular blocky structure; very friable (moist); slightly sticky and slightly plastic;
strongly effervescent; clear smooth boundary.

Bk 30-60+ cm. Light brown (7.5YR 6/4) sandy loam, strong brown (7.5YR 4/6) moist;
massive; very friable (moist), nonsticky plastic (wet); strongly effervescent.

Soil No.: 6

Alluvial Surface: Ma2 P

Classifrcation: Paleorthid

Location: Pinal County, Arizona; SE 1/4, SE 1/4, NE 1/4, Sec. 19, T.4 S.,R. 8 E.

Physiographic Position: Middle portion of alluvial fan below Twin Buttes; elevation 426 m.

Topography: Broad interfluve; 1-2% slope; SSE aspect.

Vegetation: Creosote (Larrea); assorted desert grasses.

Sampled by: Gary Huckleberry, February 27, 1992.

Remarks: Incipient to moderate pavement. None to incipient Fe varnish; variable Mn varnish.
Clay skins or textural changes with depth are not apparent. Top of profile contains a 1 cm
layer of gravelly silty loam.

Bkl 0-30 cm. Very pale brown (10YR 7/3) loamy coarse sand with common, fine, distinct,
white (10YR 8/2) mottles; pink (7.5YR 7/4) with white (L0YR 8/2) mottles (moist); weak,
medium, subangular blocky structure; slightly hard (dry), nonsticky and slightly plastic
(wet); violently effervescent (Stage I+ carbonates); clear smooth boundary.

Bk2 30-40 cm. Very pale brown (10YR 7/3) loamy coarse sand with common, fine, distinct,
white (10YR 8/2) mottles; light brown (7.5YR 6/4) with white (10YR 8/2) mottles (moist);
weak, medium, subangular blocky structure; slightly hard to hard (dry), nonsticky and
sightly plastic (wet); violently effervescent (Stage Il+ carbonates); clear smooth boundary.

Bkm  40-43+ cm. Very pale brown (10YR 7/3) gravelly loamy coarse sand with many, medium,





distinct, white (10YR 8/2) mottles; light brown (7.5YR 6/4) with white (10YR 8/2) mottles
(moist); massive; hard (dry), nonsticky and nonplastic (wet); violently effervescent (Stage
[lI+ carbonates).

Soil No.: 7

Alluvial Surface: Yala

Classification: Calciorthid

Location: Pinal County, Arizona; NE 1/4, SE 1/4, SE 1/4, Sec. 19, T.4 S.,R. 8 E.

Physiographic Position: Distal portion of alluvial fan below Twin Buttes; elevation 419 m.

Topography: Flat alluvial slope; 1% slope; SSE aspect.

Vegetation: Creosote (Larrea); assorted desert grasses; acacia (Acacia).

Sampled by: Gary Huckleberry, February 27, 1992.

Remarks: This is an area of distributary drainage below the higher interfluves of the mid-fan. One
small drainage (1 m across channel) is 15 m away from soil profile and is the source for
the alluvium sample. Parent material is granite, rhyolite, and schist. No stratigraphy or
carbonates visible. No pavement, no varnish, and few cobbles at surface. In contrast to
the parent alluvium, this soil is oxidized.

Bkl 0-9 cm. Pale brown (10YR 6/3) loamy coarse sand, light brown (7.5YR 6/4) moist; single
grain to weak, medium, subangular blocky structure; very friable (moist), nonsticky and
nonplastic (wet); strongly effervescent; clear smooth boundary.

Bk2 9-50+ cm. Very pale brown (10YR 7/3.5) sandy loam, light brown to reddish yellow
(7.5YR 6/5) moist; weak, medium, subangular blocky structure; very friable (moist),
nonsticky and slightly plastic (wet); violently effervescent.

Alluvium: Light brownish gray (10YR 6/2) coarse sand.

Soil No.: 8

Alluvial Surface: Oap

Classification: Paleargid

Location: Pinal County, Arizona; NW 1/4, SE 1/4, SW 1/4, Sec. 9, T.4S.,R. 7E.

Physiographic Position: Broad interfluve of disected alluvial fan above Granite Knob, below
Yellow Peak; elevation 419 m.

Topography: Gentle alluvial slope; 1-2% slope; SSW aspect.

Vegetation: Creosote (Larrea); bursage (Franseria); saguarro (Cereus); assorted desert grasses.

Sampled by: Gary Huckleberry, March 11, 1992.

Remarks: Moderate varnish development; ca. 75% of surface covered with desert pavement.
Parent material is derived from granite, rhyolite, and schist. Cobbles in Bkm are fractured
by carbonates. Incomplete exposure of profile due to petrocalcic horizon.

A 0-2 cm. Light brown (7.5YR 6/4) gravelly silty loam, strong brown (7.5YR 5/6) moist;
weak, medium, platy to subangular structure; very friable (moist), slightly sticky and
slightly plastic (wet); noneffervescent; abrupt, smooth boundary.

Bt 2-10 cm. Light reddish brown (5YR 6/4) gravelly sandy clay loam, yellowish red (5YR 4/6)
moist; weak, fine, subangular blocky structure; very friable (moist), slightly sticky and
slightly plastic (wet); noneffervescent; abrupt, irregular boundary.

Bkm  10-25+ cm. Pink to pinkish gray (7.5YR 7/3) very gravelly coarse loamy sand, pink to light
brown (7.5YR 6.5/4); massive; firm (moist), nonsticky and nonplastic (wet); violently
effervescent (Stage llI+ carbonates).
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Figure 2. Flood Hazards of the Casa Grande area

The most significant floods which have affected the study area include those of 1914-16, mapped by
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Introduction

This report and accompanying maps describe the geology, geomorphology, and geologic
hazards of the Casa Grande area in central Arizona. This mapping covers six 7 1/2' quadrangles
(Stanfield, Casa Grande West, Casa Grande East, Coolidge, Double Peak, and Chuichu), and
includes the communities of Casa Grande, Coolidge, and Stanfield. Casa Grande is located
approximately 80 km (50 miles) south of Phoenix along Interstate Highway 10 (Figure 1). The
map area encompasses basin floors occupied by major stream systems, low mountain ranges,
and the gently sloping piedmonts between them. Basin floor areas have been substantially
altered for agricultural fields, and the piedmonts and mountain ranges are used for grazing and
mining. Casa Grande has developed into a significant population center, however, and rapid
development is occurring on the basin floor and the piedmonts around it. The map area includes
parts of the Maricopa-Stanfield and Picacho ground-water basins, from which tremendous
amounts of water have been extracted primarily for agricultural purposes. This report is intended
to enhance our understanding of the physical environment of the Casa Grande area and to aid in
planning for wise development in the future.

This mapping effort has focused on the surficial deposits of the Casa Grande area, which
had not been mapped in detail before. This surficial geologic mapping complements previous
mapping efforts by the AZGS in areas surrounding Casa Grande (Jackson, 1989; Huckleberry,
1992; Pendall, 1994). We have incorporated recent bedrock mapping done in the Sacaton
Mountains (Skotnicki and Ferguson, 1996) into these maps. The report is organized into a brief
introduction and explanation of mapping methods, unit descriptions, a summary of the geologic
and geomorphic framework of the area, and a discussion of geologic hazards.

Climate. The climate of the map area is hot and dry, with extreme seasonal temperature
variations and two distinct seasons of rainfall. The average July high temperature at the Casa
Grande weather station (elevation 1400 feet above sea level) is 106° F, and the average January
low temperature is 35° F. Average annual precipitation at Casa Grande is 8.5 in. Occasional
freezing temperatures are recorded at Casa Grande during most winters, but snow is rare and not
persistent. Slightly less than one-half of the annual precipitation falls between July and
September (Western Regional Climate Center, 1998). Late summer rainfall occurs as heavy
thunderstorms when moist air sweeps northwards from the Gulf of California and the Gulf of
Mexico. Occasional intense late summer to early fall precipitation may occur in this region as a
result of incursions of moist air derived from dissipating tropical storms in the Pacific Ocean.
Winter precipitation generally is caused by cyclonic storms originating in the Pacific. It is usually
less intense and may be more prolonged, and therefore infiltrates into the soil more deeply than
summer rainfall (summarized from Sellers and Hill, 1974).

Methodology

The project area was mapped using several sets of aerial photographs and soil survey
maps, with extensive field mapping and observations of soils and stratigraphy. The piedmont
areas were mapped primarily using 1:24,000 U.S. Geological Survey aerial photos from 1961 and
1990, augmented by 1936 Soil Conservation Service 1:31,680 photos and soils mapping by Hall
and others (1991). Piedmont areas were extensively field checked by the first author, with
assistance and suggestions from Phil Pearthree, Steve Skotnicki, and Tom Biggs. Mapping the
basin-floor areas presented an interesting challenge, because most of these areas have been
altered substantially by agricultural activities. Older aerial photos were vital in these areas,
because they predate much of the agricultural alteration of the landscape. Basin-floor areas were
mapped primarily using the 1936 SCS aerial photos, 1:60,000-scale Army Map Service aerial
photos from 1953, and soil survey maps (Hall and others, 1991), with limited field checking.
Reservation lands on the northern and southern fringes of the map area were mapped on a
reconnaissance basis using aerial photos only; so unit boundaries and labels in these areas





should be considered tentative.

The physical characteristics of alluvial surfaces (channels, alluvial fans, floodplains,
stream terraces) were used to differentiate their associated deposits by age. Alluvial surfaces of
similar age have a distinctive appearance and soil characteristics because they have undergone
similar post-depositional modifications, and they are different from both younger and older
surfaces. Young (less than a few thousand years old) alluvial-fan surfaces, for example, still
retain clear evidence of the original depositional topography, such as of bars of coarse deposits,
swales (troughlike depressions) where low flows passed between bars, and distributary channel
networks, which are characteristic of active alluvial fans. Young fan surfaces also show minimal
development of soil, desert pavement, and rock varnish and are basically undissected. Very old
fan surfaces, in contrast, have been isolated from substantial fluvial deposition or reworking for
hundreds of thousands of years. These surfaces are characterized by strongly developed soils
with clay- and calcium-carbonate-rich horizons, well-developed tributary stream networks that are
entrenched 1 to 10 m below the fan surface, and strongly developed varnish on surface rocks.
Old alluvial-fan surfaces may also have smooth, closely packed desert pavements between the
entrenched drainages. The ages of alluvial surfaces in the southwestern United States may be
roughly estimated based on these surface characteristics, especially soil development (Gile and
others, 1981; Bull, 1991).

In this map, surficial deposits are subdivided based on their source (rivers and large
washes, smaller tributary washes on piedmonts, wind activity, hillslope processes) and estimated
age of deposits. Surface and soil characteristics were used to correlate alluvial deposits and to
estimate their ages. Surface pits and exposures along cut banks were used to assess soil
characteristics
associated with deposits of different ages and from different sources. These descriptions can be
found in Appendix A at the end of the report. Soils and surfaces documented in the map area
were generally correlated with soils and surfaces described in Quaternary mapping studies of
adjacent areas conducted by Jackson (1989), Huckleberry (1992) and Pendall (1994). These
correlations were also used to estimate the ages of surficial deposits in the map area.

Following field checking, geologic mapping was compiled on 1:24,000 orthophoto
guadrangles. Mapping was subsequently digitized and prepared for final map production by T.
Biggs, with assistance from Sean Kneale, Steve Richard, and Pete Carrao. Mapping was
conducted as part of the STATEMAP Program of the U.S. Geological Survey, contract #1434HQ-
97-AG-0182.

Map Unit Descriptions

Piedmont Alluvium

These deposits cover most of the gently sloping plains (piedmonts) that surround the mountain
ranges of the map area. This sediment was deposited by the smaller drainages of the map area,
which head either in the mountains or on the piedmonts themselves. Deposits range in age from
modern to early Pleistocene. The lower margins of the piedmonts are defined by their intersection
with the planar, very gently north- to northwest-sloping basin-floor deposits associated with the
Santa Cruz and Gila rivers and Santa Rosa Wash.

Qy2 - late Holocene alluvium (<4 ka). Unit Qy2 consists of channels, low terraces, and alluvial
fans composed of sand, silt and gravel that have been transported in modern drainages. In
areas proximal to the mountain front, sediment load is generally sand and cobbles with some
boulders; terraces may be mantled with finer sediment. On lower piedmont areas, young
deposits consist predominantly of sand, silt, and clay, with local fine gravel. Channels are
incised less than 1 m below adjacent terraces and fans. Channels may have single,





anastomosing, or distributary patterns. Qy2 surfaces generally appear darker than
surrounding areas on aerial photos. Local relief varies from fairly smooth channel bottoms to
the undulating bar-and-swale topography that is characteristic of coarser deposits. Vegetation
density is moderate. Along the larger washes, vegetation includes palo verde, mesquite, and
ironwood trees; smaller washes typically have large creosote and other bushes along them.

Qy1 - Middle to early Holocene alluvium (2 to 10 ka). Qy1 surfaces are broadly rounded and
are somewhat isolated from the active flow regime. Surfaces typically are sandy or are
covered with fine, unvarnished open gravel lags. Where gravel is present, surfaces appear
light colored on aerial photos; where the surfaces are finer grained, they appear dark.
Channels are incised < 1m below Qyll surfaces, and may contribute sheetflow to the lowest
lying areas of Qy1 during large flow events. Channel patterns typically are distributary. Qy1
surfaces support creosote and other small bushes. They are most extensive on the
piedmonts of Casa Grande East and Double Peak quadrangles. Qy1 soils are gravelly loamy
sands with little clay or carbonate development (see Appendix A).

Qy - Holocene alluvium, undifferentiated (0 to 10 ka). Mixed channels and alluvial surfaces of
Qyl and Qy2 are composed of sand, silt and gravel, with little varnish or pavement
development. Qy surfaces are typically found close to the mountain front where distributary
channel networks and associated late Holocene alluvium (Qy2) has dissected and partially
covered middle Holocene alluvium (Qy1l) to a depth of <m. Other Qy surfaces are found in
lower piedmont areas where Qy1 and Qy2 surfaces complexly interfinger such that they
cannot be separated at a 1:24,000 scale.

Qly - Late Pleistocene to Holocene alluvium (0 to 130 ka). Broadly rounded surfaces
approximately Im above active channels composed of mixed alluvium of late Pleistocene and
Holocene age. Drainage networks consist of distributary channel networks associated with
larger drainages and tributary channels associated with smaller drainages that head on Qly
surfaces. Slightly reddened Pleistocene alluvium (unit Q1) is exposed in patches on low
ridges and in roads and cut banks of washes, but it is mainly covered by a thin veneer of
Holocene fine-grained alluvium (unit Qy). The Holocene surfaces usually are light brown in
color and soils have weak subangular blocky structure and minor carbonate accumulation.

QI - Late Pleistocene alluvium (10 to 130 ka). Q1 alluvial surfaces are rounded and moderately
dissected relict alluvial fans and terraces, with 1 to 2 m of active channel incision, increasing
toward the mountain front. Weakly to moderately incised tributary drainage networks are
typical. Q1 deposits consist of pebbles, cobbles, and finer-grained sediment. Q1 surfaces
commonly have loose, open pavements of pebbles and cobbles; surface clasts exhibit weak
to moderate rock varnish. Q1 soils are gravelly sandy loams with subangular blocky structure,
weak clay skins, and Stage Il carbonates (Appendix A). The weak to moderate soil
development observed beneath Q1 surfaces suggests that many of them may be latest
Pleistocene in age (-10 to 20 ka). Dominant forms of vegetation include creosote, bursage,
and ocatillo.

Qm - Middle Pleistocene alluvium (130 to 750 ka). Qm surfaces are moderately dissected relict
alluvial fans, with several meters of active channel incision. Qm surfaces are drained by
moderately incised tributary channel networks. Well-preserved Qm surfaces are smooth and
have moderately to tightly packed cobble pavements, with moderate to strong rock varnish on
surface clasts. Less well preserved surfaces are characterized by loose cobble pavements
with moderate to strong varnish, ridge-like topography and carbonate litter on the surface.
Soils typically contain reddened, clay loam argillic horizons, with moderate clay skins and
subangular blocky structure. Soil carbonate development is typically stage Il to 1V, but
cemented petrocalcic are not common. Qm surfaces generally support bursage, ocotillo,
creosote, cholla, and saguaro.

Qo - Early Pleistocene alluvium (750 ka to 2 Ma). Qo surfaces are very old, moderately eroded





relict fans with up to 10 m of active channel incision. Tributary drainage networks arc strongly
developed and entrenched; depth of dissection by channels is similar to Qm surfaces, but
areas between channels are more rounded by erosion. Qo surfaces have weak to moderate
cobble pavements, and rock varnish varies from very strong to weak. Surface color is lighter
than most younger surfaces because the surface soil horizon is carbonate-rich and fragments
derived from underlying cemented petrocalcic horizon litter the surface. Qo deposits are only
exposed in a few upper piedmont areas at the northwestern margin of the Stanfield
guadrangle.

River Deposits

Deposits laid down by the Santa Cruz and Santa Rosa Wash cover most of the broad, very low-
relief basin-floor areas. The northeasternmost part of the map area probably contains deposits of
the Gila River. Surfaces consist of channels, stream terraces and alluvial fans. Most deposits are
fine-grained; however, those that are gravelly exhibit mixed lithologies reflecting the large
drainage areas of these streams. Most of the area covered by river deposits has been altered by
agricultural activities, so there is greater uncertainty regarding the locations of unit contacts than
in piedmont areas. Soil descriptions are taken from Hall and others (1991).

Qy2r - Modern channel and terrace deposits (< 100 years). This unit encompasses active
channels and low terraces composed of sand, silt, and clay. Natural channel patterns are
braided, but modern channels in much of the map area are contained within berms. Soils are
classified as Torrifluvents; they are weakly developed and have clay loam or sandy loam
textures with little or no evidence of clay movement or carbonate accumulation. These areas
are prone to inundation in moderate to large flow events, unless they have been protected by
artificial diversion structures.

Qy1r - Holocene floodplain and terrace deposits (<10 ka). The Qy1r units consists of
floodplains and terraces that are spatially separated from the main channel system. Qy1r
deposits consist of sand, silt, and clay. Soils are classified as Torrifluvents and Camborthids,
which are deep, weakly developed soils with some carbonate filaments and fine masses and
weak soil structure in near surface horizons. Qy1lr surfaces which may experience
sheetflooding during large flow events.

Qysr - Holocene striped floodplain deposits (<10 ka). This distinctive unit is characterized by
fine-grained surfaces with pronounced dark stripes that trend approximately perpendicular to
surface flow directions. The dark stripes consist of alternating vegetation and soil lineations.
The stripes have little or no topographic expression, and are not associated with obvious
eolian features such as low dunes. Qysr units are generally are adjacent to Qyr2 and Qyrl
and are not much if any higher than these surfaces, which suggests that Qysr areas may
have experienced shallow flow during large floods. The areal extent of this unit was inferred
primarily from historical aerial photos, because most of the Qysr areas are currently under
cultivation. Comparing the distribution of Qysr unit with the soils maps of Hall and others
(1991), the distinctive striped pattern that characterizes Qysr overprints several different fine-
grained soils of Holocene and Pleistocene age. This suggests that the stripes are a surface
phenomenon that has developed during the late Holocene.

QIrg - Late Pleistocene gravel deposits (10 to 130 ka). Relatively coarse-grained Pleistocene
river terraces and alluvial fans that are slightly higher the the surrounding younger surfaces.
QIrg deposits typically consist of pebbles, some cobbles, and sand. Soils associated with the
deposits are classified as a Typic Calciorthids, with loam to sandy loam textures, massive to
subangular blocky structure, and carbonate coated clasts and nodules wit medium soft
carbonate masses at a starting depth of 36-76 cm. Extremely gravelly soils in this unit have
silica-lime cemented pan fragments at an average depth of 61 cm.





Qmir - Middle to late Pleistocene river deposits (-10 to 500 ka). Late or middle Pleistocene
river terraces and alluvial fans on the basin floor. In areas that have been cultivated,
topographic differences between Pleistocene and Holocene surfaces may be undetectable,
but on historical aerial photos Pleistocene surfaces appear to be higher than surrounding
younger surfaces. In addition to topographic relief, Qmir soils are substantially more
developed than younger soils. Qmlr soils are classified as Calciorthids, Haplargids and

Natrargids; they are fine-grained, and generally have well developed structure and reddened
argillic horizons and common soft carbonate nodules at a starting depth of 33 to 66 cm. Soils
of the Casa Grande series, included in this unit have natric horizons.

Qor - Middle to early Pleistocene river deposits (-500 ka to 1 Ma). Relict very old river

terraces. These surfaces are distinguished by strong carbonate accumulation. Their soils are
classified as Petrocalcic Paleargids. Typically, they have saline-sodic fine sandy loam argillic
horizons with well developed prismatic to subangular blocky structure, which are underlain by

petrocalcic horizons with a thin laminar cap at its top. These surfaces are altered by
agricultural activity, and no stratigraphic exposures were observed. It is possible that the
petrocalcic horizons are buried by thin packages of much younger surface deposits.

Eolian/Alluvial Deposits

These map units represent areas that are covered by eolian deposits or a mix of alluvium and
eolian deposits. They are found on the basin floor and in lower piedmont areas.

Qye - Holocene sand dunes (<10 ka). Unit Qye consists of relatively small eclian dunes found

in a number of places on the basin floor. Dunes consist of well-sorted sand. They partly
stabilized by creosote, grasses, and bursage vegetation. They appear as irregular
topography on topographic maps and may reach a height of 5 m above adjacent surfaces. In
some areas mapped as Qye, the topographic expression of dunes has been removed to
facilitate agricultural land uses. In these areas, Qye deposits were delineated using soil
survey maps (Hall and others, 1991).

Qlye - Late Pleistocene to Holocene alluvium with Holocene eolian deposits (<130 ka). Unit

Qlye consists of late Pleistocene alluvium that is typically mantled by 15-25 cm of Holocene
alluvium and eolian material. Locally, the late Pleistocene alluvium is exposed at the surface.
Qlye surfaces are relatively flat, with <m of relief between the surface and active drainages.
Eolian material is in the form of coppice dunes around individual shrubs and low-relief dunes
surrounding clumps of creosote and bursage. Areas that are not covered by eolian material
are have open gravel lags with minimal rock varnish.

Qle - Late Pleistocene alluvium with Holocene eolian deposits (<130 ka). Unit Qle consists of

late Pleistocene alluvial surfaces that are partially covered by Holocene eolian deposits.
Surfaces are planar and quite fine-grained; eolian sands form of coppice dunes around
individual shrubs. Qle surfaces appear darker on aerial photos than adjacent Qlye surfaces
and they have drainages that are incised —1m into the surface.

Qlre - Late Pleistocene river gravel deposits and Holocene eolian deposits (<130 ka). Unit

QlIre consists of low Holocene sand dunes patrtially covering Pleistocene river gravels.
Gravels are typically pebbles and small cobbles, lithologies are diverse; surface clasts have
weak to moderate varnish and pavements range from moderately packed to open, loose
frameworks. Qlre gravels are generally best preserved at the highest elevations of the sand
dunes and are a minor component of a predominantly eolian surficial unit. Gravel may be
more abundant at depth, however.

Qme - Middle Pleistocene alluvium with Holocene eolian deposits (<750 ka). Unit Qme

consists of middle Pleistocene piedmont alluvium that is partially covered by Holocene eolian
deposits. Surfaces are planar landforms, with vegetated eolian sands alternating with loosely





packed, moderately varnished gravel pavements. Primarily because of the location of these
surfaces in lower piedmont areas, relief between the Qme surface and active drainages is on
the order of <m. Soils are loamy sands and sandy loamy with reddening and clay and
carbonate development at a depth of 8 to 30 cm.

Colluvium

Qc - Hillslope colluvial deposits (Holocene and Pleistocene). These are very poorly sorted,
angular to subangular deposits that mantle some of the lower slopes of the Sacaton
Mountains. Deposits consist of a wide range of particle sizes, from boulders to clay; most are
weakly or unconsolidated. Clast lithologies vary with local variations in bedrock lithology. This
sediment has been transported and deposited by hillslope processes, such as rockfall, debris
flow, sheet wash, and creep.

Bedrock

Bedrock units were mapped and described by Skotnicki and Ferguson (1996) in the Stanfield,

Casa Grande West, and Casa Grande East 7 1/2' Quads and by Beikman and others (1995) in
the Double Peak and Chuichu 7 1/2' Quads. More detailed descriptions of most of the bedrock
units can be found in the former reference. Some bedrock units also occur as pediments in the
study area; these bedrock unit labels are followed by a "(p)". Where surficial and bedrock units
overlapped in pediment areas, preference was given to surficial units.

Tc - Breccia and conglomerate (middle Tertiary). This unit consists of matrix-supported
breccias, clast-supported conglomerates, and some red sandstone. Clast sizes range from
sand to boulders. It is exposed at Burgess Peak, in the northern part of the City of Casa
Grande.

Tb - Basaltic rocks (Tertiary). Fine-grained, mafic volcanic rocks exposed in hills and inselbergs
in the southwestern part of the map area.

TKf - Fine-grained, rhyolitic dikes (Cretaceous or Tertiary)

TKp - Granite porphyry dikes (Cretaceous or Tertiary)

TKa - Amphibole-porphyritic dikes (Cretaceous or Tertiary)

TKb - Biotite-porphyritic dikes (Cretaceous or Tertiary)

TKm - Monzonite dikes (Cretaceous or Tertiary)

TK(q - Quartz-porphyritic dikes (Cretaceous or Tertiary)

Kgg - Quartz-porphyritic phase of the Sacaton Peak Granite (Cretaceous/Tertiary). Medium-
grained equigranular quartz-porphyritic granite to quartz monzonite. It is prominently jointed,
and compositional banding of light and dark phases is well developed locally.

Kg - Sacaton Peak Granite (Cretaceous/Tertiary). Medium-grained equigranular quartz
monzonite to granite. This unit weathers into steep, rugged buttes covered with medium
boulders.

Kgm - Mafic phase of the Sacaton Peak Granite (Cretaceous/Tertiary). Medium-grained,
equigranular quartz monzonite to diorite with up to 25% biotite and some hornblende. Locally,

it is foliated and lineated, and fresh surfaces are medium to dark gray.

Kgk - K-feldspar porphyritic phase of the Sacaton Peak Granite (Cretaceous/Tertiary)





Kgs - Signal Peak Granite (Cretaceous/Tertiary). Equigranular granite and quartz monzonite.
Mineralogically very similar to the Sacaton Peak granite, but it is foliated and locally lineated.

YPzs - Metasedimentary rocks (middle Proterozoic or Paleozoic). Massive, white to light
gray, fine-grained metasedimentary rock, probably derived from a lower Paleozoic unit or a
middle Proterozoic Apache Group unit.

YCq - Quartzite (middle Proterozoic or Cambrian). Medium-bedded, light gray quartzite, with
dark fine laminae; possibly the middle Proterozoic Dripping Springs Quartzite or the
Cambrian Bolsa Quartzite.

Yd - Diabase (middle Proterozoic). Dark green, generally fine-grained, but locally medium- to
coarse-grained diabase that intrudes Proterozoic rocks.

Ygl - Leucocratic granite (middle Proterozoic). Medium- to coarse-grained equigranular
granite. Exposed rock is light gray to light orange. This rock generally forms resistant buttes,
and generates angular, cobble-sized detritus.

Yg - Coarse-grained granitoid (middle Proterozoic). Medium- to coarse-grained, K-feldspar
porphyritic granite to quartz monzonite. Exposed rock is medium to light gray where fresh;
weathered surfaces are rusty tan and locally varnished. This rock forms steep slopes covered
with large spheroidal boulders, and fairly broad pediments.

YXg - Foliated coarse-grained granite (early to middle Proterozoic). Medium- to coarse-
grained, K-feldspar porphyritic granite or quartz monzonite with abundant biotite. It is foliated and
locally lineated. This rock forms dark, resistant hills covered with irregularly shaped boulders.

Xp - Phial Schist (early Proterozoic). Medium- to coarse-grained quartz-muscovite schist,
exposed in small, isolated hills in the western part of the Sacaton Mountains.

Miscellaneous units and symbols

(p) - Pediment

Fairly planar erosional surfaces cut onto bedrock on the upper piedmonts of the Sacaton
Mountains. They locally have thin and patchy veneers of middle to late Pleistocene alluvium.
Pedimented surfaces are found on bedrock types Kg, Kgq, Kgm, Kgk, Kgs, and Yg. Soils are on
pediment surfaces are patchy, but where well-preserved typically have a red-orange color that is
diagnostic of middle Pleistocene soils.

d - dump pits

g - sand and gravel pits

m - mines and mine tailings

earth fissures





Geologic/Geomorphic Framework

The Casa Grande area is located in the northeastern part of the Sonoran Desert
subprovince of the Basin and Range physiographic province. The physiography of the Basin and
Range province in Arizona is characterized by alluvial basins and intervening mountain ranges
that formed as a result of normal faulting related to extension of the crust between about 30 and 6
Ma (Shafiqullah and others, 1980; Menges and Pearthree, 1989). The landscape of the Casa
Grande area consists of small, low-lying mountain ranges and broad, minimally dissected basins
that are typical of the Sonoran Desert subprovince. Bedrock exposures are limited to these
mountain ranges and a few outlying knobs (inselbergs) that rise above the basin floors and broad
plains surrounding the mountain ranges. Most of the map area is covered by late Quaternary
alluvium that was deposited by the Santa Cruz River and the many smaller tributary washes that
drain the region. The surficial geology and geomorphology of this area record the gradual transfer
of material from the mountains to the surrounding piedmonts and basin floors during the past few
million years in the absence of significant tectonic activity.

Pre-Quaternary rocks are extensively exposed in the Sacaton Mountains, along the
northern margin of the map area, and in a few hills and isolated inselbergs in the central and
southwestern parts of the map area. The Sacaton Mountains are composed almost entirely of
plutonic rocks ranging in age from Middle Proterozoic to Early Tertiary. A thin sliver of Paleozoic
or Middle Proterozoic quartzite along with some other fine-grained metasedimentary rocks occur
along the contact between the area's two most abundant plutonic rock types at the north edge of
the map area. The oldest rock, exposed only in the western part of the range, consists of a
multiphase, medium- to coarse-grained K-feldspar porphyritic granite that is characterized by
magmatic foliations, contacts between phases, and diabase dike swamis that all strike
northwesterly (Skotnicki and Ferguson, 1996). Two K-Ar biotite dates from the granite at 870 + 18
Ma and 1253 + 56 Ma (Balla, 1972) are highly suggestive of a Middle Proterozoic "anorogenic"
(approximately 1400 Ma) emplacement age reset by a yonger thermal event, possibly related to
intrusion of the diabase dikes, one of which has been dated at 854 + 18 Ma (K-Ar biotite, Balla,
1972). Intruding the Proterozoic granite in the west and making up the entire eastern part of the
Sacaton Mountains is a suite of Laramide, fine- to medium-grained granitic rocks ranging in
composition from granite to quartz monzodiorite. These plutonic rocks, collectively referred to as
Sacaton Peak Granite, are typically equigranular, but locally quartz or K-feldspar porphyritic, and
characterized by finer-grained, relatively mafic border phases along its contacts (Skotnicki and
Ferguson, 1996). Contacts between its internal phases, contacts with older rocks, and swarms of
a wide variety of dikes are all northeast-striking, a trend which characterizes the Laramide
plutonic rocks throughout southeastern Arizona. Balla (1972) reports three K-Ar biotite ages of
49.8 + 0.7 Ma, 62. 9 + 1.4 Ma, and 73.4 + 1.4 Ma for these rocks, and Pushkar and Damon
(1974) report a K-Ar biotite date of 65.5 + 1.4 Ma at the Sacaton Porphyry copper deposit. The
southeasternmost exposures of the granite (Signal Peak phase of the Sacaton Peak Granite)
hosts well-developed, gently south-dipping mylonitic fabrics with down-dip lineations (Skotnicki
and Ferguson, 1996). These fabrics are probably related to a major south-dipping detachment
fault which is exposed in the Sacaton Porphyry copper deposit (Cummings, 1982). None of the
faults at the Sacaton Porphyry copper deposit or elsewhere in the Sacaton Mountains displace
surficial deposits, so there is no evidence that they have been active during the Quaternary.

The geomorphology and surficial geology of the Casa Grande area record its recent
geologic evolution. The landscape of southwestern Arizona may be grouped into three main
elements: 1) narrow, rugged, but not very lofty mountain ranges; 2) wide, gently sloping
piedmonts with minimal topographic relief that fringe the mountains; and 3) broad, flat basin-floor
areas occupied by major regional drainage systems. Each of these landscape elements is
represented in the Casa Grande area.

The broad, undissected basin-floor areas record the slow, long-term aggradation of the
major regional drainage systems that cross the map area. Major flow paths in the map area





include the Santa Cruz River, Santa Rosa Wash and North Branch of the Santa Cruz. The North
Branch of the Santa Cruz flows south along the east side of the Sacaton Mountains and turns
west to flow along the southern piedmont of the Sacatons. Santa Rosa Wash flows from the
south and joins flow from the Santa Cruz and the North Branch of the Santa Cruz northwest of
Casa Grande. Nearly all of the basin-floor areas are mantled with deposits of these regional
drainages. Wide floodplains of these drainages are composed of Holocene deposits of sand, silt
and clay, with local gravel. Multiple small, discontinuous channels were typical, and well-defined
channels were probably unusual, prior to human alteration of the floodplain for agricultural
purposes. Locally, alluvial fans exist along these washes where floodplains are very wide and
increase in width substantially downstream (near Chuichu, for example). In the modern
environment, however, most channels have been artificially confined between earthen berms to
contain low and moderate flows through much of the basin (Rhoades, 1991). During large
historical floods of the latter part of this century, however, broad portions of the basin floor were
inundated (see Roeske and others, 1989; Wood and others, in review). There is also evidence
that flow paths across the map area during large floods have changed significantly since the early
1900's, partly as a result of human alterations of the Santa Cruz channel upstream of the map
area (Smith, 1938; Cooke and Reeves, 1976; Wood and others, in review). These changes in
channel positions and flow paths were facilitated by the low stream gradients and minimal
topographic relief on the basin floors.

Active and recently active channels and floodplain areas are fringed by low Pleistocene
terraces and alluvial fans. These deposits, which are prevalent east and south of the City of Casa
Grande, record former positions of the Santa Cruz River during the middle to late Pleistocene.
Drill-core data from beneath a Pleistocene surface in the central part of the City of Casa Grande
reveals an depositional sequence of sand, silt, and clay that includes several well-developed soils
(Amoroso, 1997). The cored sequence is about 25 in thick. Based on variations in calcium
carbonate content and sediment color, Amoroso argued that there are 5 buried paleosols in the
upper 15 m of the sequence. He interpreted the soils as indicating lengthy periods of stability (no
deposition) when soil formation occurred, separated by periods of aggradation. He concluded that
the entire depositional sequence covers at least 180,000 years. We interpret the surface deposits
in this area as being at least 10 ka. Thus, the drill-core data probably record the past several
hundred thousand years intermittent aggradation of the Santa Cruz river system in the Casa
Grande area.

Piedmonts of the map area are covered by alluvial and eolian deposits, most of which are
fairly young. Upper piedmont areas typically have tributary (converging downstream) drainage
systems. These areas contain alluvial surfaces that range in age from Holocene to middle, and
locally early, Pleistocene. Topographic relief between active channels are adjacent relict alluvial
fan surfaces is generally a few meters or less. There is substantial variation in the extent of young
and old alluvial surfaces on upper piedmont areas. This probably depends on the amount and
size of sediment supplied from the adjacent mountains along the mountain fronts, and local base-
level changes that may cause stream entrenchment. Middle and lower piedmonts have complex
distributary (diverging downslope) and tributary drainage networks. Topographic relief is minimal;
channels are entrenched less than 2 m below adjacent alluvial surfaces. Broad portions of the
middle and lower piedmonts are covered by Holocene deposits. Late to latest Pleistocene
deposits are commonly exposed in shallow pits and roadcut exposures throughout these areas,
which indicates that the extensive veneer of young deposits is generally quite thin. Middle
Pleistocene and older deposits are probably buried beneath a mantle of late Pleistocene and
Holocene alluvium on middle and lower piedmonts, because they are rarely exposed in these
areas.

The topographic fronts of the mountains are very embayed and sinuous, and outlying
inselbergs are common. The steep mountain slopes with limited cover of colluvium attest to the
predominance of erosional processes over in situ weathering in the modern environment. Erosion
is facilitated by uncommon but intense rainfall and runoff, steep slopes, and sparse vegetative
cover. ltis likely that significantly more hilislope colluvium covered bedrock slopes in the





mountains during glacial pluvial intervals of the Quaternary, especially in ranges such as the
Sacaton Mountains that are composed of granitic or metamorphic rocks (Bull, 1991). The
dramatic glacial-interglacial cycles of the Pleistocene probably resulted in periods of accumulation
of colluvium and erosion of colluvium that are recorded as alluvial fans and fan remnants on the
piedmonts. Analysis of packrat middens indicates that the climate similar to today has only
existed since about 4 ka (Van Devender, 1990). Late Pleistocene midden samples from the
Sonoran Desert contain fragments of juniper, pinyon pine, and Joshua tree, indicating cooler
summers and a greater proportion of winter precipitation than today. Precipitation probably
reached a maximum during the late Pleistocene (30 to 15 ka), and precipitation falling during
winter months would have infiltrated more deeply than summer moisture due to lowered
evaporation rates. Due to the increased effectiveness of leaching and equable temperatures, as
well as the increased proportion of winter rain, late Pleistocene climate was apparently more
conducive to weathering of minerals and accumulation of colluvium on hillslopes than the modern
interglacial moisture regime. Much of this Pleistocene colluvium may have been flushed onto the
surrounding piedmonts in the past 10,000 to 15,000 years, resulting in the deposition of the
broad, thin mantle of Holocene to late Pleistocene alluvium that covers most of the piedmont
areas.

Geologic Hazards

This sections summarizes the character and distribution of the principal geologic hazards
that exist in the Casa Grande area. This information is fairly general in nature. Detailed site-
specific geologic, engineering, hydrologic, or soils investigations may be required to thoroughly
assess potential hazards at particular locations. More specific information on soil properties may
be obtained from Hall and others (1991), and information on mapped floodplain and flood-prone
areas may be obtained from local floodplain management agencies.

Flooding hazards. Flooding hazards in the Casa Grande area may be subdivided into those
associated with major regional drainage systems and those associated with smaller tributary
drainages. The largest channels in the study area are the Santa Cruz River, Santa Rosa Wash
and the North Branch of the Santa Cruz. The North Branch of the Santa Cruz flows southeast
along the Sacaton Mountains and turns to the west to flow along the southern piedmont of the
Sacatons. Santa Rosa Wash flows from the south and joins the Santa Cruz and the north branch
of the Santa Cruz northwest of Casa Grande. Flooding on these large drainages have resulted
from regional storms in the winter and late summer - early fall. Their smaller tributaries drain the
mountain ranges, the piedmonts, and portions of the basin floors. Floods on these drainages
result from intense, localized thunderstorms that occur during the summer or early fall.

The Santa Cruz River, the largest drainage in the map area, flows from southeast to
northwest and poses the greatest flood hazard to basin-floor areas. The largest floods in the
historical record occurred in 1905, 1914-1915, 1977, 1983, and 1993, with 1983 being the peak of
record at gages in the upper Santa Cruz and at the confluence with the Gila River (Laveen gage).
The 1983 flood had its source in moisture which persisted from September 27 to October 3, 1983
and was derived from a high-altitude, low-pressure trough combined with additional moisture from
Hurricane Octave off the coast of California. Rainfall intensities peaked on October 1st and 2nd
as Hurricane Octave combined with the low pressure trough and were greatest in the upper
watershed of the Santa Cruz, with 9.90 in. at Mt. Lemmon and 9.72 in. north of Nogales. Peak
discharges on the Santa Cruz occurred on October 2nd ; gages in the upper watershed as well as
the mouth of the Santa Cruz experienced —100 year recurrence interval flows. Broad areas of the
Maricopa-Stanfield basin were inundated in a northwest-southeast swath across the project area
from Chuichu through the majority of the Coolidge 7.5' Quadrangle (Roeske and others, 1989)
(see Figure 2).

This is in contrast to floods that occurred earlier in the century (1914-1915) in which
flooding was also prevalent in the northeastern part of the project area along the North Branch of
the Santa Cruz (Smith, 1938). The primary cause for this change lies in channel modifications





begun around the turn of the century upstream of the map area. In 1910, Colonel William C.
Green led the construction of a diversion dam and canal in order to direct flow from the Santa
Cruz to a reservoir, and distribute to croplands. These diversion structures were still under
construction when the floods of 1914-1915 destroyed the diversion dam and eroded the channel
to a depth of 12 feet. During these floods, floodwater was partioned between flow to the
northwest across Picacho basin and flow to the west along Greene's Canal. Most of the
northwestern branch of flow followed the North Branch of the Santa Cruz through modern Casa
Grande, but some followed the course of McClellan Wash northward to join the Gila River (Figure
2). Greene's Canal subsequently became the new main channel for the Santa Cruz. Large floods
in 1977, 1983, and 1993 have continued to entrench the canal such that channels in the
northeastern part of the study area such as the North Branch of the Santa Cruz and McClellan
Wash do not receive significant flow from the upper Santa Cruz River (Wood and others, in
review). Both Holocene and Pleistocene surfaces were inundated during 1983 and 1993 along
the modern flow path in the Maricopa-Stanfield basin.

In sum, flow paths of the Santa Cruz River have migrated from east to west across the
map area during historic times. Areas which are today susceptible to flooding are indicated by the
flow paths taken by the 1983 floods (Figure 2). Chuichu, located in the southern portions of the
project area marks the modern geomorphic transition in the Santa Cruz from a well-defined
channel to a broad alluvial plain with intermittent channels (Wood and others, in review). This
weakly defined channel pattern along with the low gradient in the area increases the potential for
channel changes downstream of this point during large floods. The low relief between young and
older surfaces allows for broad inundation in the basin area and current flooding hazard which
cannot be confidently predicted by the age of the alluvial surface on the basin floor.

Floods on the relatively small streams that cross piedmont areas are generated by
intense, localized thunderstorms that occur in the late summer and early fall. Flood hazards are
relatively easy to manage where topographic relief contains floodwater to channels and adjacent
low terraces. In these situations, the area that may be impacted by flooding is restricted and
should be easy to avoid. It is much more difficult to assess and manage flood hazards associated
with alluvial-fan flooding. This type of flooding occurs where topographic relief is minimal and
floodwater can spread widely. In these areas, channels may or may not be well defined, and their
positions may shift during floods, and inundation is likely to be widespread during floods.

Surficial geologic mapping provides important information about the extent of flood-prone
areas on the piedmonts, and it is the best way to delineate areas that may be prone to alluvial-fan
flooding. Floods leave behind physical evidence of their occurrence in the form of deposits.
Therefore, the extent of young deposits on piedmonts is a good indicator of areas that have been
flooded in the past few thousand years. These are the areas that are most likely to experience
flooding in the future. Following this logic, the extent of potentially flood-prone areas on the
piedmont varies with the extent of young deposits (units Qy2, Qy1, Qy, and Qly). Widespread
young deposits (and thus potentially active alluvial fan areas) are found primarily in middle and
lower piedmont areas, where topographic relief is minimal. Portions of these areas will be subject
to widespread, relatively shallow inundation during large floods, with local deeper, higher-velocity
flow in small channels. There are also some active alluvial fans adjacent to the Sacaton
Mountains, but generally streams are topographically confined by older deposits near the
mountain front. In these areas, flood hazards may be minimized by avoiding development in and
immediately adjacent to channels.

Soil problems. Several types of soil/substrate problems may be encountered in the Casa
Grande area (see Hall and others, 1991, for more detailed soils information). Large parts of the
basin floors may be susceptible to shrinking and swelling of soils during drying and wetting
cycles. Areas with clay-rich Pleistocene soils at the surface (map unit Qmir) are most likely to be
affected, but other areas covered by young deposits have clay-rich Pleistocene soils in the near
subsurface (Qysr, for example) and may also be affected by shrink-swell activity. Soil collapse or
compaction upon wetting or loading (hydrocompaction) may be an important geologic hazard on





the basin floors and lower piedmonts. Hydrocompaction is a reduction in soil volume that occurs
when susceptible deposits are wetted for the first time after burial. Deposits that are susceptible
to hydrocompaction are typically relatively fine-grained, young sediments that are deposited in a
moisture-deficient environment. Deposits in the map area that are the most likely candidates for
hydrocompaction are the fine-grained alluvial fans of units Qy1 and Qly on the lower piedmonts,
and Qy1r on the basin floor.

Potential soil problems in middle and upper piedmont areas consist of shrink-swell
potential, low infiltration rates, and hard substrate. Shrink-swell problems may exist on clay-rich
soils of unit Qm, although the gravel that is common in these deposits may minimize these
problems. Excavation may be difficult and near-surface infiltration rates low on the oldest
piedmont units (Qm and Qo) due to the existence of carbonate- and silica-cemented hardpans
(petrocalcic and duric horizons). Similar problems may be encountered on all surficial units and
exposed bedrock pediments in the uppermost piedmont areas because of the existence of
bedrock at shallow depths.

Debris flows and rockfalls. Debris flows and rockfalls are potential hazards in and immediately
adjacent to the Sacaton Mountains. A few fresh debris-flow scars exist on steep slopes of the
Sacaton Mountains. These mass movements most likely occurred during intense precipitation
events. They may have been begun as landslides on very steep mountain hillsides that continued
downslope as debris flows following stream channels until they encountered the shallower
gradient of the larger trunk stream. There is no sedimentologic evidence of debris-flow activity in
the young deposits mapped on the piedmont. Rockfalls are a potential hazard below bedrock
cliffs and where bedrock outcrops exist at or near the top of steep mountain hillslopes. In these
situations, large rocks that are loosened by weathering may cascade violently downhill. The
existence of large boulders near the base of a steep slope should be considered evidence of
potential rockfall hazard in most cases.

Land subsidence and earth fissures. In the Casa Grande area, agriculture has been a driving
force in the local economy and has resulted in the heavy use of ground-water resources.
Because ground-water recharge in the area is limited, ground-water withdrawal has resulted in
subsidence of the land surface in basin areas and the development of earth fissures near the
basin margins.

Earth fissures are surface tension cracks caused by subsidence due to excessive
withdrawal of ground water from underlying aquifers. As water is withdrawn from the interstices of
aquifer sediment, the material compacts to fill in the empty pore space. If recharge rates are
substantially less than withdrawal rates, aquifer compaction may be expressed on the surface as
land subsidence and earth fissure development. Land subsidence occurs as a circular depression
around areas of greatest ground water pumping (Slaff, 1993) and is usually greatest near the
center of this depression. Earth fissures are formed on the edges of the "bowl!" by differential
compaction as areas of greater subsidence encounter those with less (Schumann and Genualdi,
1986). They begin as tension cracks in the subsurface, and enlarge as they capture surface
runoff As subsurface piping continues, they appear at the surface as small, aligned pits and
cracks. When enough of the underlying soil is eroded, the roof over the fissure collapses, and
reveals the underlying subsidence crack (Pewe, 1990). On the surface, these features are a
preferred flow path for runoff and develop into gullies which may be as deep as 5 m and wider
than 15 m (Schumann and Genualdi, 1986). Over time, material from the sides of the fissure and
vegetation begin to fill in the fissure such that it becomes a linear depression in the landscape.
Fissures may repeat part or all of this sequence if further lateral stresses are induced (Pewe,
1990)

Earth fissures arc prevalent in the lower Santa Cruz River valley because of the
extensive use of ground water for irrigation agriculture. In the Casa Grande area, ground water
pumping began around the turn of the century and intensified in the 1940's (USGS, 1985). The
first earth fissures were detected in 1948 near Eloy, Arizona through the releveling of benchmarks





(Robinson and Peterson, 1962); by 1977, 425 mil near Stanfield had undergone a subsidence of
11.8 ft (Laney and others, 1978).

Earth fissures in Casa Grande and vicinity have been mapped by Harris (1995) using
earth fissure maps of several authors (see Harris, 1995), helicopter surveys, and 1987 aerial
photos to identify new fissures and any changes in existing fissures. In the project area, earth
fissures are located in Holocene alluvium in the Casa Grande East, Stanfield, and Double Peak
7.5' Quads. They tend to form in groups, parallel to mountain fronts in alluvium of the lower
piedmont and may crosscut or follow natural drainage patterns.

Land subsidence and earth fissures pose a hazard to developed areas within the
subsidence depression. Canals, highways and irrigation systems are affected more frequently
than individual structures such as houses because they crosscut the area of subsidence and are
more likely to experience the effects of differential compaction. Changes in the gradient of an
agricultural area become problematic for canals and irrigation ditches which function most
efficiently at their designed gradient. In addition, entire agricultural fields must be releveled, as
was the case in the lower Santa Cruz valley (Schumann and Genualdi, 1986). Water wells
become difficult or impossible to operate following subsidence; in many instances, the casing
bottom is located below the zone of compaction such that the well itself does not lower with the
ground but remains in its original position. This leaves the wellhead elevated above the ground
surface and causes well casings which line the well to break or bend, rendering the well useless
for the pumping and monitoring of ground water (Slaff, 1993).

Areas of subsidence may also affect the gradient and behavior of stream systems. As a
stream enters the subsidence bowl, gradient increases and causes stream incison into previously
stable subtrate; as the gradient decreases toward the center of the bowl, the stream loses its
capacity to transport sediment and deposits its sediment load on the landscape. Changes in
moisture availability, vegetation, and land use may accompany stream adaptations. In some
areas the subsidence may be too great to allow streams to exit the depression, thus creating a
new flood-prone region.
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Appendix A - Soil Descriptions

Soil No. 1

Alluvial Surface: Q1 (Qm buried)

Location: NE1/4, SW1/4, Sec. 18, T5S, R6E ; Casa Grande West 7.5 Quad Physiographic

Position: upper piedmont

Vegetation: Creosote

Sampled by: Jeanne Klawon, May 6, 1998

Remarks: Coppice dune surrounds creosote at top of profile

Av 0-1 cm. 7.5YR 6/4 (dry) sandy loam, 10YR 4/4 (moist), fine platy and vesicular,
nonsticky and nonplastic (wet), slightly effervescent, gravel lag on surface.

Bw 1-15 cm. 7.5YR 6/4 (dry) gravelly sandy loam, 10 YR 4/4 (moist), subangular blocky at
upper contact grading to massive near base, moderately to strongly effervescent,
increase in organic material.

Bkb 135+ cm. 7.5 YR 7/2 (dry) gravelly loamy sand, 10 YR 6/3 (moist), massive, nonsticky
and nonplastic, strongly to violently effervescent with intergranular carbonate.





Bkl 15-27 cm. 7.5 YR 6/4 (dry) extremely gravelly sandy loam with, 7.5 YR 5/4 (moist),
subangular blocky, nonsticky and nonplastic, strongly effervescent with intergranualar
carbonate and thin discontinuous coatings around gravels.

Bk2 27-49 cm. 7.5 YR 7/4 (dry) loamy sand, 7.5 YR 4/6 (moist), massive, nonsticky and
nonplastic, moderately to strongly effervescent with carbonate filaments and soft nodules.

Bkmb 49-135cm. 7.5 YR 7/4 (dry) sandy loam, 10 YR 5/4 (moist), vesicular and subangular
blocky, slightly sticky and nonplastic, strongly effervescent with intergranular carbonate
and carbonate nodules.

Bkb 135+ cm. 7.5 YR 7/2 (dry) gravelly loamy sand, 10 YR 6/3 (moist), massive, nonsticky
and nonplastic, strongly to violently efferevescent with intergranular carbonate.

Soil No. 2

Alluvial Surface: Qlye

Location: NE1/4, SW1/4, NW1/4, Sec. 2, T6S, R6E; Casa Grande East 7.5' Quad Physiographic
Position: southwest face of active stream channel, lower piedmont Vegetation: Creosote

Sampled by: Jeanne Klawon, May 6, 1998

Remarks: Thickness of A horizon variable along bankcut

A

Bw

Bk

Btky1l

Btky2

0-2 cm. Light yellowish brown (10 YR 6/4) loamy sand, dark yellowish brown (10 YR 4/4)
moist, fine platy and vesicular, nonsticky and nonplastic, noneffervescent, sharp wavy
contact, gravel lag on surface.

2-14 cm. 7.5 YR 5/6 sandy loam, dark yellowish brown (10 YR 4/6) moist, weak
subangular blocky, slightly plastic and nonsticky, noneffervescent, sharp ? contact.

14-41 cm. Yellowish brown (10 YR 5/6) loamy sand, dark yellowish brown (10 YR 4/6)
moist, massive in upper half to platy in lower half, nonsticky and nonplastic, moderately
effervescent with carbonate filaments, irregular nodules and intergranular carbonate,
sharp contact.

41-67 cm. 7.5 YR 5/6 (dry) sandy clay loam, dark yellowish brown (10 YR 4/6) moist,
subangular blocky, moderate to strongly effervescent with disseminated carbonate,
granular gypsum on ped surfaces and minor irregular gypsum nodules, weak clay skins
on ped surfaces.

67-109+ cm. 7.5 YR 5/6 (dry) sandy clay loam, dark yellowish brown (10 YR 4/6) moist,
subangular blocky, moderately plastic and slightly sticky, moderately effervescent with
disseminated carbonate, crystal aggregates of gypsum, clay skins on ped faces.

Soil No. 3

Alluvial Surface: Qlye (Q17? buried)

Location: SE1/4, SW1/4, Sec. 2, T6S, R6E; Casa Grande East 7.5' Quad

Physiographic Position: lower piedmont





Vegetation: Creosote
Sampled by: Jeanne Klawon, May 5, 1998
Remarks: surface lag of quartz and feldspar pebbles

A 0-5 cm. (7.5 YR 6/4) silty clay loam, dark yellowish brown (10 YR 4/4), fine platy and
vesicular, very sticky and moderately plastic (wet), noneffervescent, clear wavy contact.

Bw 5-24 cm. (7.5 YR 5/6) loam, (7.5 YR 4/4) moist, massive to weak subangular blocky,
slightly sticky and moderately plastic (wet), noneffervescent, minor gypsum crystal
aggregates.

Btkb  24-38 cm. (7.5 YR 5/6) gravelly loam, (7.5 YR 4/6) moist, weak vesicular and moderate
subangular blocky, slightly sticky and moderately plastic (wet), strongly effervescent with
intergranular carbonate, incipient clay skins.

Bkmb 38-48 cm. (7.5 YR 4/6) sandy clay loam, (7.5 YR 4/6) moist, moderate subangular blocky,

slightly sticky and moderately plastic (wet), strongly effervescent with discontinuous
intergranular and nodular carbonate, gypsum on ped surfaces, incipient clay skins.

Soil No. 4

Alluvial Surface: Qme

Location: NE1/4, NE1/4, Sec. 33, T5S, R5E; Casa Grande West 7.5' Quad
Physiographic Position: middle piedmont

Vegetation: Creosote, bursage

Sampled by: Jeanne Klawon, May 5, 1998

Remarks: surface pit on surface with pebble lag of moderate varnish

Av 0-2 cm. (7.5 YR 6/6) sandy loam, (7.5 YR 4/6) moist, fine vesicular and platy, moderately
sticky and moderately plastic (wet), slightly effervescent, clear wavy contact.

Bw 2-8 cm. (7.5 YR 5/6) loamy sand, (5 YR 4/6) moist, massive grading to weak subangular
blocky and weak vesicular, nonsticky and nonplastic (wet), slightly effervescent, minor
irregular gypsym nodules.

Btk 8-30 cm. (5 YR 5/8) gravelly sandy clay loam, (7.5 YR 5/6) moist, weak subangular
blocky, moderately sticky and moderately plastic (wet), strongly effervescent with
intergranular carbonate and incipient carbonate nodules, very weak clay skins.

Bt 30-35+ cm. (5 YR 5/6) loamy sand, (5 YR 5/8) moist, weak subangular blocky, nonsticky
and nonplastic (wet) slightly effervescent, very weak clay skins

Bt 30-35+ cm. (5 YR 5/6) loamy sand, (5 YR 5/8) moist, weak subangular blocky, nonsticky
and nonplastic (wet), slightly effervescent, very weak clay skins.





Soil No. 5

Alluvial Surface: Qyl

Location: SE1/4, SE1/4, Sec. 25, T5S, R6E; Casa Grande East 7.5' Quad
Physiographic Position: upper piedmont

Vegetation: Creosote, grass

Sampled by: Jeanne Klawon, May 13, 1998

Remarks: surface lag

Av 0-1 cm. (7.5 YR 5/4) very gravelly loamy sand, dark yellowish brown (10 YR 4/4) moist,
very fine to fine platy and vesicular, loose, noneffervescent, clear smooth contact.

Bwl 1-16 cm. (7.5 YR 5/6) very gravelly loamy sand, (7.5 YR 4/6) moist, fine platy and
subangular blocky, soft, noneffervescent, gradual smooth contact.

Bw2  16-77+cm (7.5 YR 5/6) gravelly loamy sand, (7.5 YR 4/6) moist, medium subangular
blocky, soft, noneffervescent.

Soil No. 6

Alluvial Surface: Qlye (Q1, Qm buried)

Location: NW1/4, NW1/4, SW1/4, Sec. 34, T5S, R6E; Casa Grande East 7.5' Quad

Physiographic Position: lower piedmont

Vegetation: Creosote

Sampled by: Jeanne Klawon, May 13, 1998

Remarks: Surface lag of quartz and feldspar pebbles; lowermost two horizons (below the squiggly

line) were described at a cut bank approximately 25 m west of the original surface pit. Upper

horizons in the cut bank were correlated with those of the surface pit.

A 0-1 cm. (7.5 YR 5/6) gravelly sandy loam, (7.5 YR 4/4) moist, vesicular and medium
platyl, slightly hard, slightly sticky to sticky and slightly plastic (wet), noneffervescent,
clear wavy contact.

Bwl 1-6 cm. (7.5 YR 5/6) very gravelly sandy loam, (7.5 YR 4/6) moist, medium subangular
blocky, slightly hard, slightly sticky and slightly plastic (wet), noneffervescent, clear
smooth contact.

Bw2 6-34 cm. (7.5 YR 5/6) gravelly sandy loam, (7.5 YR 4/6) moist, medium subangular blocky,
hard, nonsticky to slightly sticky and slightly plastic (wet), noneffervescent, clear smooth

contact.

Btkb1 34-41 cm. (7.5 YR 5/6) sandy clay loam, (5-7.5 YR 4/6) moist, vesicular and medium
angular blocky, hard to very hard, slightly sticky and slightly plastic to plastic, moderately





effervescent with discontinuous carbonate coatings, filaments and partial nodules, weak
clay films, abrupt smooth contact.

Btkb2 41-57 cm. (5 YR 4/6) gravelly loam, (5YR 4/6) moist, medium subangular blocky, slightly
hard, sticky and plastic (wet), strongly effervescent with discontinuous carbonate
coatings, moderate clay films, abrupt smooth contact.

Bkmb 57-102+ cm. (7.5 YR 5/6) loam, (7.5 YR 5/6) moist, medium angular blocky, hard to very
hard, sticky and plastic (wet), violently effervescent, continuous carbonate coatings and
interclast carbonate, weak clay films.
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AZGS DI-24

Richard, Stephen, Tim, Orr, Moore, Erin and Ferguson, Charles, 2006, Geologic Data for the Southeast

Phoenix Metropolitan Area, Maricopa and Pinal Counties, Arizona: Arizona Geological Suney,
unpublished digital data DI-24, scale 1:24,000. (GRI Source Map ID 74889).
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