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Geologic Resources Inventory Map Document
Minidoka National Historic Site,
Idaho

Document to Accompany
Digital Geologic-GIS Data

miin_geology.pdf

Version: 3/17/2017

This document has been developed to accompany the digital geologic-GIS data dewveloped by the
Geologic Resources Inventory (GRI) program for Minidoka National Historic Site, Idaho (MIIN).

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 — The citation of the GRI digital geologic-GIS map produced
for this project along with the source map used in its completion. In addition, an index map and a brief
explanation of how the source map was used is provided.

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

4) Map Unit Descriptions — Descriptions for all geologic map units.

5) Ancillary Source Map Information — Additional information present on the source map.

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

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

Stephanie O'Meara
Geologist/GIS Specialist/Data Manager
Colorado State University Research Associate, Cooperator to the National Park Senvice
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1201 Oak Ridge Drive, Suite 200

Fort Collins, CO 80525

phone: (970) 491-6655

fax: (970) 225-3597

e-mail: stephanie.omeara@colostate.edu
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About the NPS Geologic Resources Inventory Program
Background

Recognizing the interrelationships between the physical (geology, air, and water) and biological (plants
and animals) components of the earth is \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

2017 NPS Geologic Resources Inventory Program
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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:

Bruce Heise

Inventory Coordinator

National Park Senice Geologic Resources Division
P.O. Box 25287

Denver, CO 80225-0287

phone: (303) 969-2017

fax: (303) 987-6792

email: Bruce_Heise@nps.gov

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

2017 NPS Geologic Resources Inventory Program
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GRI Digital Map and Source Map Citation
The GRI digital geologic-GIS map for Minidoka National Historic Site, Idaho (MIIN):

GRI Digital Geologic-GIS Map of Minidoka National Historic Site and Vicinity, ldaho (GRI
MapCode MIIN)

The map was produced using the following source map and digital data.

Othberg, Kurt L., Kauffman, John D., Gillerman, Virginia S. and Garwood, Dean L., 2012, Geologic Map
of the Twin Falls 30 x 60 Minute Quadrangle, Idaho: Idaho Geological Surey, Geologic Map GM-49,
scale 1:100,000 (GRI Source Map ID 75638) - Only geologic features within the extent of the Twin Falls
NE and Hunt 7.5' quadrangles was used from this source.

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

Index Map

The following index map displays 7.5' quadrangle extents, National Park boundaries (in dark green, as of
February, 2017), and the source map used with the series number in parenthesis. The purple boundary
represents the extent of GRI mapping.
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Map Unit List

The geologic units present in the digital geologic-GIS data produced for Minidoka National Historic Site,
Idaho (MIIN) are listed below. Units are listed with their assigned unit symbol and unit name (e.g., Qm -
Made ground). Units are listed from youngest to oldest. No description for water is provided. Information
about each geologic unit is also presented in the GRI Geologic Unit Information (MIINUNIT) table
included with the GRI geologic-GIS data.

Cenozoic Era
Quaternary Period

Holocene Epoch

Qm - Made ground

Qed - Dune sand

Qas - Alluvium of side streams

Holocene and Pleistocene Epochs
Qlp - Playa deposits

Pleistocene Epoch
Bonneville Flood Deposits
Qabs - Bonneville Flood Scabland of flood pathways
Qabf - Bonneville Flood Deposits, fine-grained deposits in slack-water basins
Qabgl - Bonneville Flood Deposits, sand and grawvel in eddy deposits and lower-energy bars

Quaternary Basalt Units
Qwb - Basalt of Wilson Butte

Qrb - Basalt of Rocky Butte
Qftb - Basalt of Flat Top Butte
Qskb - Basalt of Skeleton Butte

Quaternary or Tertiary Period
Pleistocene or Pliocene Epoch

Quaternary or Tertiary Basalt Units
QTwlir - Basalt of Wilson Lake Resenvoir

2017 NPS Geologic Resources Inventory Program
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Map Unit Descriptions

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

Qm - Made ground (Holocene)

m—Made ground (Holocene) - Artificial fills composed of excavated, transported, and emplaced
construction materials typically derived locally. Primarily highway fills, railroad beds, and areas modified
for settling ponds and fish ponds. (GRI Source Map ID 75638) (Twin Falls 30" x 60°).

Qed - Dune sand (Holocene)

Thin, stratified fine sand of stabilized wind dunes. Shown only where identified on aerial photographs. (
GRI Source Map ID 75638) (Twin Falls 30' x 60".

Qas - Alluvium of side streams (Holocene)

Silt and sand flood-plain and sheet-wash deposits in the drainage systems formed between older and
younger basalt units. (GRI Source Map ID 75638) (Twin Falls 30" x 60°).

Qlp - Playa deposits (Holocene and Pleistocene)

Fine sand, silt, and clay sorted into thin beds and laminae. Sediments largely derived from erosion of
loess or Glenns Ferry Formation (Tsgf) and washed into areas of internal drainage or nearly flat slopes
primarily between basalt flows. Deposited during periodic floods, especially during periods of heaw rains
and times of rapid snow melt which may have been more prevalent during the Pleistocene. (GRI Source
Map ID 75638) (Twin Falls 30" x 60.

Bonneville Flood Deposits

Qabs - Bonneville Flood Deposits, scabland of flood pathways (Pleistocene)

Flood-scoured basalt surface. Loess stripped, basin and butte topography is common. Unit adapted from
Scott (1982) and O’Connor (1993). Original basalt morphology

stripped of pre-flood loess and soils in contrast with area north of maximum flood extent but in same
basalt unit. Includes patchy sheets and bars of thin sand and

gravel that are not mapped, but have been locally used for gravel (see Symbols*). (GRI Source Map ID

75638) (Twin Falls 30' x 60).

Present in the GRI digital geologic-GIS data in the Flood-Scoured Basalt Surface feature class (miinscr),
and not as a mapped unit in the Geologic Units feature class (miinglg).

Qabf - Bonneville Flood Deposits, fine-grained deposits in slack-water basins
(Pleistocene)

Fine-grained deposits in slack-water basins (Pleistocene) - Sand and silt deposited in basins of basalt
surface that were protected from high-energy water flow. (GRI Source Map ID 75638) (Twin Falls 30' x 60'

).
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Qabgl - Bonneville Flood Deposits, sand and gravel in eddy deposits and
lower-energy bars (Pleistocene)

Sand and grawel in eddy deposits and lower-energy bars (Pleistocene) - Stratified coarse sand and
pebble-cobble gravel deposited in side channel positions and in lower-energy, waning-stage flood
channels. Mantled with thin loess and minor fine-grained alluvium and slope wash. (GRI Source Map ID

75638) (Twin Falls 30' x 60").

Quaternary Basalt Units

Most of the mapped Quaternary basalt units consist of series of flows from shield wlcanoes located
within or peripheral to the Twin Falls 30 x 60 minute quadrangle and most occur north of the Snake
River. (GRI Source Map ID 75638) (Twin Falls 30' x 60Q").

Qwb - Basalt of Wilson Butte (Pleistocene)

Dark gray to black, fine-grained basalt with common to abundant plagioclase phenocrysts 1-3 mm in
length and common olivine grains to about 1 mm in diameter, and some plagioclase-olivine intergrowths.
Remanent magnetic polarity is normal, as determined in the field and through laboratory analysis.
Source is Wilson Butte. Similar to Qnb only typically more phyric. Surface also similar to Qnb with
pressure ridges and little or no drainage dewvelopment. Vegetation mostly sagebrush and grasses. Age
relation with Qnb uncertain, but may be slightly older. (GRI Source Map ID 75638) (Twin Falls 30' x 60").

Qrb - Basalt of Rocky Butte (Pleistocene)

Dark gray to black, fine-grained, glassy basalt with common to abundant olivine grains 0.5-1 mm and
clusters 1-3 mm in diameter. Common to abundant small plagioclase laths to about 1 mm in length.
Remanent magnetic polarity is normal, as determined in the field and through laboratory analysis.
Erupted from a shield wlcano located 35 km (22 miles) northeast of the city of Twin Falls in the Eden
NE topographic quadrangle, which shows a permanent horizontal-control mark labeled “Rocky” on the
south rim of the vent (sec. 14, T. 8 S., R. 20 E., Eden NE 7.5-minute quadrangle, elevation 4,526).
Equivalent in part to Sand Springs Basalt of Malde and Powers (1962), Malde and others (1963),
Covington (1976), and Covington and Weaver (1990c). Covington and Weaver (1990c) identified the
source as “Butte 4526.” In the Falls City 7.5-minute quadrangle, most of the unit is scoured by the
Bonneuille Flood (Qabs) and is mostly outcrop. North of maximum extent of Bonneville Flood (see
Symbols), thin loess cowvers the surface of the unit except for pressure ridges, and soil caliche is present
but generally thin and weakly dewveloped (Baldwin, 1925; Poulson and Thompson, 1927; Ames, 2003).
Some of the land is cultivatable. Tauxe and others (2004) report an 40Ar/39Ar weighted mean plateau
age of 0.095 Ma for “Sand Springs” basalt. The location of their sample, on the north rim of the Snake
River canyon near Shoshone Falls, is from the unit we map as basalt of Rocky Butte. (GRI Source Map
ID 75638) (Twin Falls 30" x 60".

Qftb - Basalt of Flat Top Butte (Pleistocene)

Medium gray, fine-grained basalt with scattered to very abundant plagioclase-olivine intergrowths 4-7 mm
across and olivine grains and clots 1-4 mm in diameter. Flows typically vesicular near the top and more
dense in the center, but diktytaxitic throughout with abundant fine-grained plagioclase laths. Carbonate
coatings and fillings common in wids. Remanent magnetic polarity is normal, as determined in the field
and through laboratory analysis. Erupted from the Flat Top Butte shield wolcano east of Jerome.
Equivalent to part of Thousand Springs Basalt of Malde and Powers (1962), Malde and others (1963),
and Gillerman and Schiappa (1994, 2001). Tauxe and others (2004) report an 40Ar/39Ar weighted mean
plateau age of 0.395 Ma for this unit (their sample sr09, Thousand Springs Basalt). A sample we dated
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produced an 40Ar/39Ar weighted mean plateau age of 0.33 + 0.08 Ma (R.P. Esser, written commun.,
2003). Topography contrasts with surface of younger basalt flows to the east. Almost no basalt pressure
ridges rise above a nearly complete mantle of loess. Surface drainage is moderately developed.
Thickness of mantle ranges 1 to 8 m (3 to 25 feet); commonly 1-4 m (3-12 feet) thick. Soil caliche
(duripan) is typically well developed within the soil profile (Ames, 2003) and at the soil-basalt contact,
but the thickness of caliche varies considerably. Most of the land is cultivatable. (GRI Source Map ID

75638) (Twin Falls 30' x 60".

Qskb - Basalt of Skeleton Butte (Pleistocene)

Medium to dark gray, medium- to coarse-grained basalt with large, interlocking plagioclase crystals as
large as 1 cm where exposed along Interstate 84 and Frontage

Road just south of the butte. Remanent magnetic polarity is reverse as determined in the field. Tauxe
and others (2004) also report reverse polarity from laboratory

analysis and an age determination of 1.76 Ma, but their sample location just west of Hansen Bridge on
Highway 50 is in an area we map as QTbu that may not be Skeleton

Butte basalt. Basalt at that location is more likely from another source, possibly from Hansen Butte. The
age of Skeleton Butte is therefore uncertain, although

on the basis of geomorphic evidence, it may be older than Hansen Butte. (GRI Source Map ID 75638) (
Twin Falls 30' x 60Y.

Quaternary or Tertiary Basalt Units

Units in this section include old shield wlcanoes that are surrounded and isolated by Quaternary flows
but have no other relative or absolute age data available. Most have very subdued topography indicating
they are relatively old and probably Tertiary. (GRI Source Map ID 75638) (Twin Falls 30' x 60").

QTwlr - Basalt of Wilson Lake Reservoir (Pleistocene or Pliocene)

Fine-grained basalt with small plagioclase phenocrysts 2-3 mm in length and olivine grains <1 mm in
diameter. Erupted from unnamed butte at west end of Wilson Lake Reserwir. Remanent magnetic
polarity from one outcrop was normal. Age is poorly constrained, but the small butte is flanked on the
east, north, and west by younger flows from Rocky Butte, and on the south by flows from Hazelton
Butte, which was dated by Tauxe and others (2004) at 0.591 Ma. Mapped as “Quaternary basalt,
undivided” (Qbu) by Othberg and Breckenridge (2004a). (GRI Source Map ID 75638) (Twin Falls 30" x 60

).
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Ancillary Source Map Information

Idaho Geological Survey Geologic Map GM-47

Othberg, Kurt L., Kauffman, John D., Gillerman, Virginia S. and Garwood, Dean L., 2012, Geologic Map
of the Twin Falls 30 x 60 Quadrangle, Idaho: Idaho Geological Surwey, Geologic Map GM-49, scale
1:100,000 (GRI Source Map ID 75638).

Although the source map has a map legend, correlation of map units, and a "description" (listing) of map
units these are all for the full, 30' x 60' extent of the map. As the GRI digital geologic-GIS map is a
subset of the full map extent only a portion of the map legend, correlation of units, and the unit listing is
actually applicable to the GRI digital map. See the full source map for this information as no attempt was
made by the GRI to reproduce this in its limited (subset) capacity. This information was used to glean
information concerning mapped geologic features, and to determine unit listing and correlation relevant to
the GRI digital map.

Booklet

Included as a part of the source map (Twin Falls 30' x 60" was a 30 page booklet. The booklet is
presented below, although unit descriptions for units not present in the GRI digital geologic-GIS are not
presented. In addition, unit descriptions for units present on the GRI digital map are instead provided in
the Map Unit Descriptions sections of this document.

Introduction

The geology in the 1:100,000-scale Twin Falls 30 x 60 minute quadrangle is based on field work
conducted by the authors from 2002 through 2005, previous 1:24,000-scale maps published by the Idaho
Geological Survey, mapping by other researchers, and compilation from previous work. Mapping sources
are identified in Figures 1 and 2. The geologic mapping was funded in part by the STATEMAP and
EDMAP components of the U.S. Geological Surey’s National Cooperative Geologic Mapping Program
(Figure 1). We recognize that small map units in the Snake River Canyon are difficult to identify at this
map scale and we direct readers to the 1:24,000-scale geologic maps shown in Figure 1. The principal
sources of previous mapping (Figure 2) are Stearns and others (1938), Malde and others (1963), Malde
and Powers (1972), Covington (1976), Scott (1982), Covington and Weaver (1990a, 1990b, 1990c, and
1991),8 Cooke (1999), and Matthews (2000).

Chemistry, 40Ar/39Ar ages, and magnetic remanence of wlcanic rocks sampled in the field
provided supporting data for the geologic mapping. Whole-rock XRF analyses were done at the
Washington State University GeoAnalyt-ical Laboratory. Sample locations and results for XRF analyses
are reported in Kauffman (2007, 2008). 40Ar/39Ar dating was done by the New Mexico Geochronological
Research Laboratory and the University of Alaska-Fairbanks Geochronology Laboratory. Magnetic
polarity was measured by a fluxgate magnetometer in the field. Paleomagnetic directions of core
samples drilled at selected sites were measured at either the Idaho Geological Survey Paleomagnetism
Laboratory or the Western Washington University Pacific NW Paleomagnetism Laboratory (see
Appendix).

The geologic map of the Twin Falls quadrangle identifies both bedrock and surficial geologic
units. It shows the geographic distribution of rock types at the surface and in the shallow subsurface.
Basalt is the principal rock type in the area. The quadrangle is in the central part of the Snake River
Plain (SRP) where the northwesterly trending western SRP conwerges with the northeasterly trending
eastern SRP. The land surface north of the Snake River is covered mostly by Pleistocene basalt flows
from numerous shield wlcanoes, although a few older Pliocene or possibly Miocene vents protrude
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through the younger flows. South of the Snake River, most of the shield wolcanoes are Pliocene or
Miocene in age. Basalt flows from these older sources are locally interbedded with, and in some
instances likely interfinger with sediments. The course of the Snake River is controlled in large part by
the contact of the Pleistocene basalt flows on the north with the older basalts on the south, although
structure is also an important control of the river's position. In the western part of the quadrangle, thick
sedimentary deposits of the Glenns Ferry Formation form bluffs west of the Snake River from Bliss to
about Salmon Falls Creek south of Hagerman. These lacustrine and fluval sediments, which probably
extend but thin to the northeast beneath the Quaternary basalt flows, were deposited in Pliocene Lake
Idaho. The sediments owerlie older basalts erupted mostly from unidentified source vents. The oldest
units exposed in the quadrangle are rhyolitic rocks in the Snake River canyon in the vicinity of Twin Falls
and in the southwest part of the quadrangle along Salmon Falls Creek. Much of the basalt surface is
mantled with wind-blown sand and silt which form the soils that are cultivated. Approximately 17,400
years ago, the Bonneuille Flood filled and locally overtopped the Snake River canyon causing extensive
erosion and depositing gravel in giant bars.

Most of the identifiable major structures occur in the southwest part of the map where older
rocks are exposed. In general, these structures trend northwest-southeast and overall are stepped down
to the northeast. Most faults displace the rhyolitic rocks but generally do not cut the overlying basalt
units. Faults that do cut the basalts generally affect only the oldest units and are typically covered or
poorly exposed. Surface expressions of these faults occur mainly in the Melon Valley area where deep-
seated faults are further indicated by the presence of numerous hot springs and thermal wells. Faults
mapped by Malde and Powers (1972) north of Bliss, cutting Glenns Ferry Formation sediments and a
thin basalt flow within the sediments, also trend northwest-southeast but are stepped down to the
southwest.

In general, lavas from vents north of the Snake River flowed westerly or southwesterly, whereas
those from vents south of the river flowed northwesterly. These flow directions indicate that a regional
westward tilt with a synclinal flexure at about the position of the present Snake River must have existed
in the area from the Pliocene to the present.

The geologic units in the area control soil development, slope stability, groundwater movement and
recharge, and geotechnical factors important in construction design and waste management. Land uses
in the area include irrigated agriculture, rural and urban residential development, industrial and
commercial enterprises, and dairy farms with confined animal feeding operations. The SRP aquifer
underlies the area and discharges as springs in the Snake River canyon.

Chronology

Ages for most wlcanic and sedimentary units are relative and are determined by stratigraphic
position, overlap-ping relations, and geomorphic characteristics. Some older shield wlcanoes are
surrounded by Quaternary flows but their ages are otherwise poorly constrained. A few units have been
dated by K-Ar or 40Ar/39Ar methods which assist in bracketing the age of other units. Armstrong and
others (1975) conducted K-Ar age dating on Quaternary and Neogene wlcanic rocks in the SRP, a few
of which were located in the quadrangle. Hart and Brueseke (1999) dated the Shoestring and Deer Gulch
basalts within the upper part of the Glenns Ferry Formation in or near the quadrangle. Tauxe and others
(2004) report fifteen 40Ar/39Ar dates for units within the map. The locations they selected for sampling
were based on units identified on previous geologic maps. Sewveral 40Ar/39Ar dates were also completed
on basalt and rhyolite units in the quadrangle during this project. Units for which dates are available are
described in the Descriptions of Map Units and noted in the Correlation of Map Units. Ages of some of
the Pleistocene basalts and one Pliocene basalt are shown in Figure 3. Epoch divisions are based on
the 2009 Geologic Time Scale (Walker and Geissman, 2009); several of the basalt units on this version
of the Twin Falls 30" x 60' quadrangle reflect the new Quaternary-Tertiary boundary reported in that
reference.
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Description of Map Units

As only a limited extent of the source map was used only a few of the units present on the source map
are actually present on the GRI digital geologic-GIS map. Thus, only information relevant to the few units
present are mentioned. See the Map Unit List and Map Unit Descriptions sections of this document for
this unit present and for unit descriptions.

Basalt Unit Names and Correlation

Wherewer possible, we have named the basalt units for their source vent, such as “basalt of Flat
Top Butte.” In instances where no butte name is identified on the topographic map, we have derived a
name from a nearby surwey point, feature, or local land ownership, such as “basalt of Rocky Butte ,”
“basalt of Wilson Lake Resenvir,” and “basalt of Bowman Farm,” respectively. In these instances,
derivation of the name is noted in the description of the unit. Mapping older basalt units at a distance
from the source is difficult because they are typically covered by loess, soil, or younger flows.
Correlation for all units relied on remanent magnetic polarity and chemical composition in addition to
stratigraphic and geomorphic considerations. In the process, we have abandoned some previous names
from mapping by Malde and others (1963). In particular, we have abandoned their “Sand Springs basalt”
because it includes basalt from different sources of different ages. Sand Springs basalt was named for
basalt at Sand Springs Creek in the vicinity of Thousand Springs and the source was identified as a
butte northeast of Twin Falls, which corresponds to the butte we identify as “Rocky Butte.” However, we
believe the basalt at Sand Springs Creek was erupted from Bacon Butte, a much older vent than Rocky
Butte. Also, some of what was mapped as Sand Springs basalt is included in our Flat Top Butte basalt,
again from a much older vent than Rocky Butte. In addition, basalt they mapped as Sand Springs on the
flat west of Hagerman in the Snake River canyon we correlate with flows derived from Notch Butte, not
Rocky Butte. “Thousand Springs basalt” was also abandoned because that unit includes flows from Flat
Top Butte and Bacon Butte as well as from two older buttes, Sonnickson and Lincoln, which we map as
separate units to indicate their source vents.

For similar reasons, we have abandoned their term “Banbury basalt.” That term has been used for basalt
flows that are likely from different sources and of different ages, which causes confusing stratigraphic
relations on a regional scale. We were not able to determine specific sources for these older basalts, but
we attempt to separate them by magnetic polarity and composition, in addition to stratigraphic and
geomorphic considerations, and propose general source areas.

All analyzed samples of basaltic units are classified as “basalt” in the total alkali versus silica diagram
(Le Maitre, 1984). As previously noted, major oxide and trace element analyzes of samples in the Twin
Falls 30 x 60 minute quadrangle can be found in Kauffman (2007) and Kauffman (2008); all analyses
were done at the Washington State University GeoAnalytical Laboratory.
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Windblown Deposits and Soils

In this geologic map, loess is not shown as a map unit. Rather, the relative amount of loess
cowver on a rock unit, principally basalt, is described with the unit’s description (see Description of Map
Units), and the overall pattern, thickness, as well as principal loess soils are described in this section,
as is eolian sand, which grades into areas of loess.

Silt- and sandy silt-textured loess is widespread and is the parent material for the productive agricultural
soils in the SRP. Soils formed in loess and dune sand in the project area were first described and
mapped in soil survweys as early as the 1920s (Poulson and Thompson, 1927; Youngs and others, 1929)
and most recently in the 2000s (Johnson, 2002; Ames, 2003). Loess deposits of south-central and
southeast Idaho were studied by the University of Idaho and the USDA Soil Conservation Senice in the
1960s. One of the results of these studies is the distribution and character of loess reported by Lewis
and Fosberg (1982). Their Figure 1 shows an areal distribution of four categories of loess thickness: 25
cm or absent, 25-50 cm, 50-175 cm, and greater than 175 cm. The scale of their figure does not justify
enlargement for the Twin Falls 30’ x 60’ quadrangle. However, newer data from 1:24,000-scale soil maps
provide detail for showing the distribution and thickness of loess in the project area. The soil maps also
provide data on soils formed in eolian sand. Figure 4 shows the general distribution of thicker blankets of
loess and eolian sand as derived from the Natural Resources Conservation Senice soil suneys. Figure 4
was created from the Digital General Soil Map, Idaho data set (U.S. Department of Agriculture, Natural
Resources Conservation Senice, 2006). Using the GIS data and soil descriptions from the detailed soil
maps, general soil units were grouped according to (1) loess soils and their thickness using Lewis and
Fosberg's categories, and (2) eolian-sand soils.

Judging from thickness patterns and dune landforms, the prevailing wind direction has been from
the west in this part of the SRP throughout the Pleistocene, as it is today. The thickest loess deposits
occur in the eastern part of the quadrangle, on the oldest basalt units, and in the eastern, “lee” sides of
shield wolcanos. The source of windblown silt and sand is primarily deflation in the river valleys (Lewis
and Fosberg, 1982), which were major contributors of sediment, especially during times of glacial
climates in the Pleistocene. The Bonneuville Flood, in its later, lower energy phases, probably contributed
sandy deposits prone to later wind deflation. Some of the major sand sheets are downwind of Bonneville
Flood expansion areas where fine-grained sediment accumulated. Another probable source of windblown
silt and sand is erosion of the Glenns Ferry Formation and the Yahoo Clay; both form badland
topography in the upwind, western part of the quadrangle near the Snake River.

Characteristically, the SRP surface is a mosaic of Pliocene, Pleistocene, and Holocene basalt
flows that are differentially mantled by wind-blown sediments, predominantly loess (Lewis and Fosberg,
1982; Scott, 1982). Typically, the thickness and degree of continuous extent of loess cower is
proportional to the age of the basalt surface, i.e., the oldest basalt surfaces are mantled by the thickest
and oldest loess deposits and have fewer remaining lava-flow constructional features like pressure
ridges. However, remnants of old shield wlcanos, such as Hansen Butte, have a morphology that results
from much more than an increase in loess thickness. They exhibit a complex history of loess
deposition, soil development, erosion, and radial-drainage dewvelopment (see Wells and others (1985) for
similar trends in the Cima wlcanic field of California). Variations in geomorphic features and soils are
important criteria for distinguishing boundaries and relative ages of basalt units.

Exposures of thick loess show buried soils that indicate a long and complex history of
Pleistocene loess deposi-tion. All of the loess soils observed at the surface or buried are aridisols, and
many have a duripan, a calcium carbonate- and silica-cemented hardpan (caliche). Thick, platy duripan
paleosols that formed on the surface of reverse-polarity basalt flows and on the Tuana Grawel indicate
aridisol-forming dry climate in the early Pleistocene. Buried paleosols capping Pliocene and Miocene
units lack aridisol characteristics, and suggest a more moist climate (see Geologic History). Areas with
thick loess may have sewveral buried soils (Lewis and Fosberg, 1982), especially in the southeast part of
the map near Hansen Butte and near Hazelton. At Jerome, an excavation revealed four buried soils
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within 3.6 meters (12 feet) of loess cowering basalt of Flat Top Butte, which is late Pleistocene (dated at
approximately 330 ka).

Mappable units of eolian sand deposits are common across the central and eastern SRP (Scott,
1982). These range from major accumulations with well-defined dune landforms to elongate streaks of
thin sand that only slightly modify the basalt surface across which they have moved. The shape of many
of the deposits reflects the prevailing westerly winds in the Twin Falls quadrangle (see Symbols).
Evidence of dunes, almost all of which are stabilized, is best preserved in the absence of agriculture,
such as areas of rugged lava-flow topography and wildlife-refuge land preserved from cultivation. Many
sand deposits are best mapped from aerial photographs (1972 NASA false-color infrared and 1990s
NAPP black and white). Sand sheets are common near the Snake River canyon and near Gooding,
probably owing to sand contributed by the Snake, Big Wood, and Little Wood rivers. Stablilized dunes
were previously more extensive based on descriptions of Poulson and Thompson (1927) and Youngs and
others (1929). Fine-sand soils with little or no pedogenic horizonation were present in the early 20th
century and were associated with dune morphology (Poulson and Thompson, 1927; Youngs and others,
1929). Poulson and Thompson (1927) describe “hummocky or dune-like” landforms and areas of actively
blowing sand after field plowing in the early 20th century. Continued agricultural modifications to the land
have tended to smooth topography and homogenize soils. The result has been an obliteration of the
original topography, which probably included extensive areas of stabilized dunes.

Bonneville Flood

By the middle of the 20th century, geologists recognized that giant gravel bars and stark
erosional features common along the Snake River were caused by cataclysmic lowering of Pleistocene
Lake Bonneuville in Utah. Half a century earlier, G.K. Gilbert, in his pioneering study of Lake Bonneuille,
discowered evidence of water flowing from the ancient lake below Red Rock Pass, which he called the
Bonneville River (Gilbert, 1878, 1890). In the Snake River basin, Russell (1902) explained gigantic
boulders in the Snake River canyon as basalt blocks worn by water. Stearns and others (1938)
explained the boulders as debris eroded from nearby lava dams. Malde (1968) recalls that “wide-reaching
effects of the immense discharge downstream along the Snake River were not recognized until 1954,
when they were explained to me by Howard A. Powers, of the U.S. Geological Survey.” Malde (1960)
notes “impressive signs of havoc caused by water discharged from Lake Bonneuville.”

The term “Bonneville Flood”

Malde (1968) defined the term when he wrote, “***to emphasize the catastrophic results of peak
discharge, which lasted only a short time, | refer to the sudden outflow as the ‘Bonneville Flood'.” He
reports that the many observations in support of his hypothesis were made in regional geologic studies
beginning in 1954 and described in Malde and Powers (1962). In the Pocatello area, observations were
reported by Trimble and Carr (1961a, 1961b) and in the Twin Falls quadrangle by Malde and others
(1963). Malde (1968) notes that “Bonneville Flood” was first used in the guidebook for the 7th INQUA
Congress (Richmond and others, 1965, p. 98).

The most complete descriptions and analyses of the Bonneville Flood were written by Malde
(1968) and O’Connor (1993). O'Connor (1993, p.1) writes, “Approximately 14,500 yr agol, Pleistocene
Lake Bonneville discharged 4,750 km3 of water over the divide between the closed Bonneville basin and
the watershed of the Snake River. The resulting flood, released near Red Rock Pass, Idaho, followed the
present courses of Marsh Creek, the Portneuf River, and the Snake and Columbia River before reaching
the Pacific Ocean. For 1,100 km between Red Rock Pass and Lewiston, Idaho, the Bonneville Flood left
a spectacular array of flood features . . .” O’Connor (1993) goes on to describe the hydrology, hydraulics,
and geomorphology of the flood, and provides a picture of the history and character of the flood and its
many landforms and deposits. A major characteristic of the flood is a stepwise drop in the water surface
caused by the diverse geologic and geomorphic environments along the flood route. A repeated
phenomenon is a narrow canyon with constricted but high-discharge flow that opens up into a wider
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valley with less restricted, lower-discharge flow. In many locations, a constriction back-watered the flood
causing inundation and owerland flow. East of Twin Falls, from Eden to the area of Twin Falls city, flood
water diverted north of the Snake River canyon scoured a long stretch of basalt surfaces and rejoined
flood waters along the canyon rim for about 18 km (11 miles). Seweral systems of cataracts and plunge
pools were formed, including Shoshone Falls and Twin Falls. Flood features from Twin Falls city to
Hagerman show the stepwise nature of the flood's energy. West of Twin Falls city, 23 km (14 miles) of
flood-scoured narrow canyon opens into the broad Melon Valley where a giant bar of flood gravel is
mined for aggregate. Here, the river turns northward and the flood waters overfilled the narrowing canyon
at Thousand Springs. The owerland flow scoured and plucked basalt at the Sand Springs Nature
Presene, Box Canyon, and Blind Canyon.2 Downstream of Thousand Springs, the canyon opens into
the Hagerman Valley. Again, flood-water energy dropped and deposited a large expansion bar 5 km (3
miles) long with 5 m (10 foot) boulders at its upstream end. At maximum discharge, the flood waters
would have been approximately 65 m (200 feet) deep at the location of downtown Hagerman. In the
bottom of the Hagerman Valley, thick deposits of Yahoo clay that had buried basalt of Notch Butte were
stripped away by the flood and the surface of the basalt was scoured.

The erosional and depositional features of the Bonneville Flood formed in a time period of only a
few months. Unlike Glacial Lake Missoula floods that are thought to have emptied and produced
catastrophic floods with durations of only several days to a week, the catastrophic flood from
Pleistocene Lake Bonneville was more complex (O’Connor, 1993). The early phases were in low
discharge when the lake overtopped Red Rock Pass and the divide began to erode. As erosion
accelerated, the discharge grew to catastrophic proportions and was sustained for many weeks. The
flood’s discharge lowered gradually as the level of Lake Bonneuville dropped. Ultimately, an equilibrium
was achieved between the lake level and the outlet (Provo level of Lake Bonneville), and the lake
continued to drain episodically into the Snake River drainage for approximately 2,000 years (Godsey and
others, 2005). Scour and deposits from overland flood waters on uplands above the Snake River canyon
represent flow at the greatest discharge, and would have ceased when the canyon could accommodate
all the water. Features in the canyon range from high-discharge scouring of rock and deposition of giant,
bouldery grawvel bars, to lower-discharge thin sand and gravel deposits in the bottom of the canyon.

Structure

Detailed information on the structural and geologic setting of the eastern, central, and western
SRP is available in two recent publications (Bonnichsen et al., 2002; Shervais and others, 2005). Also,
Malde (1991) provides a thorough oveniew cowering physiography, geophysical evidence, structural
interpretations, and geologic history.

The geologic map of the Twin Falls quadrangle is approximately centered in distance and
elevation within the SRP, a contiguous lowland that extends from eastern Oregon to Yellowstone
National Park (Figure 5). The eastern and western portions of the SRP are distinct geologically with
different structural, geophysical, sedimentary, and volcanic features, and require different origins (Malde,
1991). The Twin Falls quadrangle is in the central SRP which lies at the junction of the physiographic
western and eastern SRP and represents a critical link between the two provinces.

The east-northeast-trending central and eastern SRP begins as a gentle structural depression
on the Owyhee Plateau that deepens to the northeast and merges with the physiographic SRP near
Twin Falls. Origin of the eastern SRP has been associated with the passage of North America over a
mantle hotspot that formed a wlcanic province that youngs from west-southwest to east-northeast
(Pierce and Morgan, 1992; Malde, 1991; Shervais and others, 2002; Shervais and others, 2005).
Hotspot-related wlcanism formed rhyolitic rocks of caldera complexes that were later overlain by basalt
flows from shield wlcanoes (Malde, 1991). The hotspot or plume model for the eastern SRP is supported
by studies of tectonic uplift and collapse along the plume track (Rodgers et al., 2002).

2017 NPS Geologic Resources Inventory Program



16

MIIN GRI Ancillary Map Information Document

The increase in elevation of the central and eastern SRP from southwest to northeast is thought
to result from thermal buoyancy in the upper mantle that increases and decreases with passage of the
plume. The elevation difference between the Owyhee Plateau and the central SRP (Figure 5) probably
results from differences in the underlying crust: the Owyhee Plateau is underlain by the southern
extension of the Idaho batholith, whereas the eastern SRP transects older crust of the Basin and Range
province (Malde, 1991). Initial volcanic activity forming caldera complexes and ignimbrites at any given
location is thought to mark the arrival of the hotspot. Ages of ignimbrites north and south of the Twin
Falls quadrangle suggest a proposed Twin Falls volcanic center was active 10.0 to 8.6 Ma (Pierce and
Morgan, 1992).

In contrast to the northeast-trending eastern SRP, the western SRP is a northwest-trending
structural graben bounded by en echelon normal faults. The basin is filled with as much as 2.3 km of late
Miocene through Pliocene sediment and intercalated basalt from two major eruptive episodes in the late
Miocene and early Pleistocene (Wood and Clemens, 2002; Shervais et al., 2002; Shenais and others,
2005).

The western SRP is characterized by a positive gravity anomaly that trends parallel to the axis
of the plain, and magnetic anomalies that parallel its southern margin, whereas gravity and magnetic
anomalies in the eastern SRP are normal to the trend of the eastern plain, paralleling structural trends in
the adjacent Basin and Range province (Malde, 1991). The western SRP is a true graben, whereas the
eastern SRP is structurally downwarped with little or no faulting along its margins (Wood and Clemens,
2002; Rodgers et al., 2002).

Normal faults in the western part of the Twin Falls quadrangle show evidence of extension in the same
north-east-southwest direction characteristic of the western SRP. Boundary faults of the western SRP
graben extend into the southwest part of the Twin Falls quadrangle before dying out near Berger Butte a
few kilometers south of Filer. In general, these structures trend northwest-southeast and owerall are
stepped down to the northeast. Most faults displace the rhyalitic rocks but generally do not cut the
overlying basalt units. Faults that do cut the basalts generally affect only the oldest units and are
typically covered or poorly exposed. Surface expressions of these faults occur mainly in the Melon
Valley area where deep-seated faults are further indicated by the presence of numerous hot springs and
thermal wells. Faults mapped by Malde and Powers (1972) north of Bliss, cutting Glenns Ferry
Formation sediments and a thin basalt flow within the sediments, also trend northwest-southeast but are
stepped down to the southwest.

The axial Bouguer gravity high of the western SRP extends into and terminates within the west
part of the Twin Falls quadrangle (Wood and Clemens, 2002; Malde, 1991), but the northwest-trending
gravity and magnetic anomalies, which characterize the eastern SRP, are not clearly present in the
quadrangle, but begin at approximately its eastern border (Malde, 1991; Shenvais and others, 2005).
Similarly, extension in the form of basalt rifts, like those in the eastern SRP, is not apparent in the Twin
Falls quadrangle, but may begin just to the east (Richfield-Burley Butte zone of Wood and Clemens,
2002).

No pattern of structural control of shield vents is obvious in the Twin Falls quadrangle. Late
Miocene and Pliocene basalts are mostly restricted to the southwest part of the quadrangle and were
erupted from shield wolcanoes in that area or farther south and west. A few Pliocene to early Pleistocene
shield remnants protrude above younger surrounding Pleistocene flows, which cover most of the
quadrangle. These remnants suggest that these older lava flows underlie most of the quadrangle. In
general, the oldest shield wlcanoes are in the southwest and the youngest are in the northeast part of
the quadrangle. Although structural controls or patterns are not evident for the location of most
wlcanoes, Miocene vents south of Thousand Springs (Tmv unit) may be aligned along one of the
northwest-trending late Tertiary faults. Structural controls for other shield volcanoes may occur at depth.
The present day Snake River flows westward through the quadrangle, with northward-flowing tributaries
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south of the river, and south- or southwestward-flowing tributaries north of the river. Recent data suggest
that the main drainage was southward during the Miocene, which implies higher elevations to the north
and west and south-flowing streams with provenance in the Wood River drainage of central Idaho (Link
and others, 2002). Paleontological evidence similarly suggests southward drainage in the late Miocene
(Repenning et al., 1995). Crustal inflation followed by deflation with the passage of the hotspot, first
restricting and then allowing westward flow, may explain the change in drainage direction (Rodgers and
others, 2002; Link and others, 2002; Wood and Clemens, 2002).

Geologic History

The geologic history within the Twin Falls quadrangle is restricted to Late Miocene and younger
events, although Paleozoic, Cretaceous, and early Tertiary rocks occur to the north and south. At about
11 Ma, crust in the Twin Falls quadrangle was extended (Rogers and others, 2002), possibly by the
passage of North America over a mantle plume that caused as much as 1 km of uplift (Pierce and
others, 2002; Shervais and Hanan, 2008). As the continent moved southwest, the plume location
effectively migrated northeast and the central SRP began subsiding. Late Miocene climatic
interpretations from fossils suggest an upland with mixed hardwood-conifer forests in a summer-wet
climate with annual precipitation of about 86 cm (>35 inches; Leopold and Wright, 1985). Paleosols
associated with Miocene rhyolites and basalts also support a warm-wet climate interpretation.

The oldest rocks in the quadrangle are rhyolitic units exposed in the canyons of the Snake River
and Salmon Falls Creek. These rocks, erupted between about 8 to 6.5 Ma, may be ignimbrites and flows
associated with a large caldera inferred to have been centered in what is now the central SRP
(Bonnichsen and Godchaux, 2002), or they may represent younger, postcaldera silicic eruptions.
Evidence for the large caldera or eruptive center lies to the north and south of the quadrangle where high-
temperature ignimbrites are exposed. Eruption of these rhyolitic rocks, as well as some of the oldest
basaltic units, was probably related to the extensional structural setting and subsequent subsidence
caused by the passing mantle plume. As faulting and subsidence of the rhyolites and older basalts
continued, a basin formed. Late Miocene and early Pliocene basalt flows from shield wolcanoes to the
south and southwest, as well as sediments eroded from the northern highlands, were deposited in the
deweloping basin. To the west, Lake Idaho had formed and extended into the western part of the
guadrangle (Wood and Clemens, 2002).

At about 4.5 Ma, a thick sequence of sediments, the Glenns Ferry Formation, and intermittent
basalt flows began to be deposited as basin subsidence continued. Provenance for these lacustrine and
fluvial sediments was from the Big and Little Wood rivers to the north (Link and others, 2002). The
diverse Hagerman fauna of browsing and grazing animals were extant at this time, as were predators and
waterfowl that lived in the common swamps and sloughs associated with this Pliocene phase of Lake
Idaho. Sedimentation equaled or exceeded subsidence, as evidenced by coarser grained stream
deposits intermixed with lake sediments. The sediments buried much of the older basalt and rhyolite in
the west part of the quadrangle (and probably extended into the central part) and formed a broad, flat
plain (Sadler and others, 1996, 1997; Link and others, 2002).

By late Pliocene to early Pleistocene, the divides had shifted and drainage was directed
northward toward the central SRP (Link and others, 2002). Pollen studies show the climate also shifted
toward cool-temperate with increasing grassland and increasingly drier summers (Leopold and Wright,
1985). Shield wolcanoes continued to erupt lavas throughout much of the quadrangle. Great Basin
mountain building and further climatic cooling led to increased stream discharges and progradation of
coarse-grained sediment of the Tuana Grawel onto the broad plain of Glenns Ferry sediments. Stream
incision in the western SRP had also begun and the process of canyon cutting worked its way into the
quadrangle. Ensuing Pleistocene basalt eruptions altered stream courses as a mosaic of overlapping
shield wolcanoes formed the surface north of the Snake River. The Snake River now is mostly adjusted to
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the southern and western edges of the youngest basalt flows. Remnants of the earlier Pliocene to early
Pleistocene shield wlcanoes (Sonnickson Butte, Lincoln Butte, Star Lake Butte, etc.) protrude through
the Pleistocene lava surface.

By late Pleistocene, the Snake River had cut a channel to the depth of its present level. Basalt
from Notch Butte flowed west and reached the Snake River at Hagerman, cascaded over the canyon rim,
and now forms the flat west of town. Later, McKinney Butte lava eruptions flowed south and poured into
the Snake River canyon north of Hagerman. Near Bliss, the lava dammed the river, forming a lake. Pillow
basalt and tephra deposits occur in the canyon from just upstream of Bliss to about 5 km (3 miles)
downstream. Fine grained sediment, the Yahoo Clay, accumulated in the lake to an elevation of about
980 m (~3200 feet). When the dam was breached, much of the dam-forming tephra, pillows, and lava
was eroded, although localized remnants remain along the canyon walls.

Pollen evidence shows that by the early to middle Pleistocene the climate had become like
today’s, with sum-mer-dry conditions, precipitation below 37 cm (15 inches) annually, and evaporation
exceeding precipitation. This is corroborated by aridisol soil development on Pleistocene basalt
surfaces. The change to dry climate coincides with increased deposition of loess and eolian sand. To
various degrees, loess and dune sand cover part or all of Pleistocene basalt surfaces (see Windblown
Deposits and Soils section). Approximately 17,400 years ago, the Bonneville Flood filled and locally
overtopped the Snake River canyon causing extensive erosion and depositing gravel in giant flood bars
(see Bonneville Flood section).

Quaternary landslides, including older mostly stabilized and recent active ones, are typically
associated with steep slopes along canyon walls. Most of the active landslides are in Glenns Ferry
sediments west of the Snake River or in Yahoo Clay sediments, such as the large landslide in the
canyon at Bliss.
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