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The Great House at Casa Grande Ruins National Monument towers above the underlying river terrace, a
former floodplain of the Gila River. The river flowed through the monument area about 130,000 to 10,000
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The Santan Mountains north of the monument create a scenic backdrop consisting of rocks as old as 1.7
billion years. NPS photograph (from National Park Service 2017, p. 8).
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Executive Summary

The Geologic Resources Inventory (GRI) provides geologic map data and pertinent geologic
information to support resource management and science-informed decision making in more
than 270 natural resource parks throughout the National Park System. The GRI is one of 12
inventories—including geologic resources, vegetation mapping, natural resource bibliography,
water resources, vertebrates and vascular plants, climate, base cartography, air quality, and soil
resources (see hittps:/[www.nps.gov/im/inventories.htm)—jfunded by the National Park Service
(NPS) Inventory and Monitoring Program. The Geologic Resources Division of the NPS Natural
Resource Stewardship and Science Directorate administers the GRL

This GRI report synthesizes discussions from a scoping meeting held in 2006 for Casa Grande Ruins
National Monument (referred to as the “monument” throughout this report) and a follow-up
conference call in 2018 (see Appendix A). Chapters of this report discuss the monument’s geologic
setting and significance and draw connections between geologic and cultural resources, outline

the geologic history leading to the present-day landscape, describe geologic issues facing resource
managers, suggest future geologic investigations pertinent to the monument’s resources, and provide
information about the previously completed GRI map data.

This report, and the interpretation of the monument’s
geologic history provided here, is supported by GRI GIS
data of three compiled geologic maps of the Blackwater
and Coolidge 7.5-minute quadrangles. The boundary
of these two quadrangles runs through the monument.
These geologic maps were produced by the Arizona
Geological Survey (AZGS) and converted to the GRI
GIS data model by the GRI team. A poster in the pocket
of this report displays the GRI GIS data draped over a
shaded relief image of the monument and surrounding
area; it is the primary figure of this report. More
information about the GRI GIS data is provided in the
“Geologic Map Data” chapter.

The GRI GIS data comprise 16 bedrock and 14 surficial
map units. Source maps provided descriptions for all of
the surficial map units but only two of the bedrock map
units. Thus for this report, descriptions for the bedrock
map units without them were compiled from mapping
projects in proximity to the Blackwater and Coolidge
quadrangles, for example, the Superior quadrangle,
Gila River Indian Reservation, the Goldfield and the
northern part of the Superstition Mts. SW quadrangles,
and the Santan and Sacaton Mountains. Descriptions of
all of the map units are provided in table 1.

Figure 1 of this report is a geologic time scale based on
the International Commission on Stratigraphy (ICS)
international chronostratigraphic chart (International
Commission on Stratigraphy 2018); the figure shows the
associated geologic eras, periods, and epochs. Similarly,
table 1 displays the map units of the GRI GIS data in

a context of geologic time. Epochs listed in table 1 are
from the GRI GIS data, with the exception of epochs

associated with Tertiary (“T”) map units, which are
from the US Geologic Names Lexicon (“Geolex”),
anational compilation of names and descriptions of
geologic units. Table 1 includes numeric ages from the
ICS international chronostratigraphic chart as well as
numeric ages for specific map units provided by source
maps and other references.

As discussed in the “Geologic Setting and Significance”
chapter, a single map unit—river terrace and alluvium
deposits (map unit Qi3r)—underlies the entire
monument. This map unit is a late Pleistocene stream
terrace (one of a series of flat or gently sloping surfaces
in a stream valley, flanking the stream channel; a terrace
is above the level of the stream and represents a former
floodplain). The age of the monument’s terrace (Qi3r)
indicates that the middle Gila River was flowing across
the monument area approximately 130,000-10,000
years ago (Klawon et al. 1998; Richard et al. 2006). The
terrace now sits 3—6 m (10-20 ft) above the Holocene
floodplain (Qyr) (Huckleberry 1992), which in turn is
above the modern stream channel (Qyecr). Today, the
middle Gila River is characterized by a wide streambed
with a braided pattern of sandy and gravelly bars and
channels. The streambed is entrenched and flanked by a
floodplain (Qyr) and terraces (e.g., Qi3r).

The Gila River is the unifying geomorphic feature of
the monument and surrounding region (Huckleberry
1992). The seasonal flows and floods of the river set the
rhythms of life for the Ancestral Sonoran Desert People
(National Park Service 2011) who built the Great House
and other prehistoric structures in the monument.

In this report, the “Casa Grande” is referred to as the
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“Great House” so as not to confuse this structure with
the monument itself.

As a major water source in the Sonoran Desert, the
Gila River has been the locus of cultural activity for

at least 2,000 years, as discussed in “Connections
between Geologic and Cultural Resources.” The river’s
origin, however, extends back several million years.
Furthermore, the geologic story of the monument and
surrounding area dates back even farther—more than a
billion years.

A timeline, which makes a very long story short, is
provided in the “Geologic History” chapter of this
report. Pinal Schist (Xp), which formed about 1.7 billion
years ago (Drewes 1980), marks the beginning of the
long geologic story affecting the monument’s landscape.
Pinal Schist is exposed north of the monument in the
Santan Mountains (see poster, in pocket); it is one of the
oldest rock formations in Arizona. The oldest rocks in
the state, which are igneous and metamorphic, formed
in an interval from about 1.8 billion to 1.6 billion years
ago (during the early Proterozoic Era) (Livingston and
Damon 1968; Silver 1978).

In addition to the Pinal Schist, bedrock in the Santan
Mountains consists of voluminous middle Proterozoic
(1.6 billion to 1.0 billion years ago) plutons (Ygs, Yg,
and Yge); these large bodies of igneous rock intruded
the Pinal Schist. Bedrock of the Santan Mountains
also consists of rocks (Kv, Kg, and Kd) from a younger
igneous episode that took place during the Cretaceous
Period (approximately 145 million to 66 million years
ago). These Cretaceous rocks record the onset of the
most intense mountain-building event to have affected
Arizona since early Proterozoic time—the Laramide
Orogeny. In the Santan Mountains, dikes (TKri, TKdi,
and TKbi) are representative of the Laramide Orogeny.

Another significant mountain-building event—the

one that contributed most to the current topography
(Gary Huckleberry, University of Arizona, adjunct
researcher and lecturer, written communication,

26 May 2018)—was the result of Basin and Range
extension (pulling apart of Earth’s crust) and tectonism
(large-scale movement and deformation of Earth’s
crust). The monument and surrounding region are part
of the Sonoran Desert subprovince of the Basin and
Range physiographic province. As the name implies,
the province is composed of structural basins, which
dropped down along normal faults (one of the three
main types of faults; see figs. 5 and 6), as mountain
ranges were uplifted along these same faults. The
monument is in the down-dropped Picacho Basin. The
monument’s physiographic setting is discussed in the
“Geologic Setting and Significance” chapter.

In the “Geologic Resource Management Issues”
chapter, management issues related to the monument’s
geologic resources (features and processes) are ordered
with respect to management priority and include the
following: erosion; surrounding land use; windblown
dust; geologic hazard assessment; climate change;

earth fissures; groundwater level; interpretation

and resource education relating to the monument’s
geologic resources; paleontological resource inventory,
monitoring, and protection; mining operations; seismic
hazard; and flood potential. Discussions of issues are
primarily based on the 2006 scoping summary (National
Park Service 2006), but the monument’s foundation
document (National Park Service 2017), 2018
conference call, and reviewers’ comments helped to
update the list of geologic resource management issues
since 2006 and guided research for this report.

“Future Geologic Investigations” provides suggestions
for future studies related to the monument’s

resources, including geoarchaeology (also spelled
“geoarcheology”); vibration impact analysis; highly
detailed spatial data; and biological and physical soil
crusts, desert pavement, and desert varnish. This list is
primarily an outcome of the discussion during the 2018
conference call; it is not a list of the highest priority
research to support park management, though some

of the studies would, of course, do that. In addition,
“Future Geologic Investigations” includes a list of
selected references for the Gila, Salt, Santa Cruz, and
San Pedro Rivers (see “Geoarchaeology”). Although a
thorough discussion of these river corridors is beyond
the scope of this GRI report, an index of 1:24,000-scale
geologic maps that intersect the Gila, Salt, Santa Cruz,
and San Pedro Rivers and a bibliography of these
geologic maps are provided. Also, tables 2 and 3 compile
geologic information useful for future geoarchaeological
studies related to the Ancestral Sonoran Desert People.

“Literature Cited” is a bibliography of references

cited in this GRI report; many of these references are
available online, as indicated by an Internet address
included as part of the reference citation. If monument
managers are interested in other investigations and/

or a broader search of the scientific literature, the

NPS Geologic Resources Division has collaborated
with—and funded—the NPS Technical Information
Center (TIC) to maintain a subscription to GEOREF
(the premier online geologic citation database).
Multiple portals are available for NPS staff to access this
database. Monument staff should contact Tim Connors
(NPS Geologic Resources Division) for instructions to
access GEOREF.

“Additional Resources” provides online sources
of information related to the geologic resource




management issues discussed in this report, including
mine data, climate change, earth fissures, active faults,
and flood potential. The “Natural Hazards in Arizona”
map viewer at http://data.azgs.az.gov/hazard-viewer/,
which is maintained by the Arizona Geological Survey
(AZGS), is particularly noteworthy. In addition,
“Additional Resources” suggests online sources and
books for geologic interpretation at the monument.

Appendix A of this report provides a list of people who
participated in the scoping meeting for the monument

in 2006 as well as those who participated in a follow-
up conference call in 2018. The list serves as a legacy
document and reflects participants’ affiliations and
positions at the time of scoping and the conference call.

Finally, Appendix B of this report lists laws, regulations,
and NPS policies that specifically apply to geologic
resources in the National Park System. The NPS
Geologic Resources Division can provide policy
assistance, as well as technical expertise, regarding the
monument’s geologic resources.

Xi
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Products and Acknowledgments

The NPS Geologic Resources Division partners with the Colorado State University, Department of
Geosciences, to produce GRI products. The Arizona Geological Survey and University of Arizona
developed the source maps or reviewed GRI content. This chapter describes GRI products and

acknowledges contributors to this report.

GRI Products

The GRI team undertakes three tasks for each park in
the Inventory and Monitoring program: (1) conduct a
scoping meeting and provide a summary document,

(2) provide digital geologic map data in a geographic
information system (GIS) format, and (3) provide a GRI
report (this document). These products are designed
and written for nongeoscientists.

Scoping meetings bring together park staff and geologic
experts to review and assess available geologic maps,
develop a geologic mapping plan, and discuss geologic
features, processes, and resource management issues
that should be addressed in the GRI report. Following
the scoping meeting, the GRI map team converts the
geologic maps identified in the mapping plan to GIS
data in accordance with the GRI data model. After the
map is completed, the GRI report team uses these data,
as well as the scoping summary and additional research,
to prepare the GRI report. The GRI team conducts no
new field work in association with their products.

The compilation and use of natural resource
information by park managers is called for in the

1998 National Parks Omnibus Management Act (§
204), National Park Service Management Policies

2006, and the Natural Resources Inventory and
Monitoring Guideline (NPS-75). The “Additional
Resources” chapter and Appendix B provide links to
these and other resource management documents and
information.

Additional information regarding the GRI, including
contact information, is available at http://go.nps.gov/gri.
The current status and projected completion dates of
products are available at http://go.nps.gov/gri_status.
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Figure 1. Geologic time scale.

The divisions of the geologic time scale are organized stratigraphically, with the oldest divisions at the
bottom and the youngest at the top. GRI map abbreviations for each time division are in parentheses.
Rocks and deposits of interest for the monument are from the Precambrian (X and Y), Cretaceous Period
(K), Tertiary (T), and Quaternary Period (Q) (see table 1). Compass directions in parentheses indicate the
regional locations of events. Boundary ages are millions of years ago (MYA). NPS graphic using dates from
the International Commission on Stratigraphy (http://www.stratigraphy.org/index.php/ics-chart-timescale;
accessed 15 August 2018).
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Table 1. GRI GIS bedrock and surficial map units.

The source maps for the GRI GIS data (see “Geologic Map Data”) did not provide descriptions for all of the map
units. As indicated in this table, map unit descriptions for units without them were derived from Peterson (1969;
geologic map of the Superior quadrangle, Pinal County), Wilson (1969; mapping of mineral deposits of the Gila
River Indian Reservation), Skotnicki and Ferguson (1995; geologic map of the Goldfield and the northern part of the
Superstition Mts. SW quadrangles), Ferguson and Skotnicki (1996; bedrock geologic map of the Santan Mountains),
and Skotnicki and Ferguson (1996; bedrock geologic map of the Sacaton Mountains).

In this table, listed epochs associated with map units are from the GRI GIS data, with the exception of epochs
associated with Tertiary (“T") map units, which were are from Geolex (http://ngmdb.usgs.gov/Geolex/search).
Numeric ages for epochs or periods are from the ICS international chronostratigraphic chart (http:/stratigraphy.org/
index.phpl/ics-chart-timescale). Citations for more specific ages are provided in the “Map Unit Description” column.
Geologic terms used in the map unit descriptions are defined below the table. The Quaternary, Tertiary (including
Neogene and Paleogene) periods are all part of the Cenozoic Era (CZ). The Cretaceous Period is part of the Mesozoic

Era (M2).

The gray-highlighted unit (Qi3r) underlies the entire monument.

Geologic Time Unit(s)
Age

Geologic Map
Unit

Map Unit Description

Quaternary (Q) Period
Holocene (H) Epoch

11,700 years ago to present day

Disturbed land
(Qd)

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.

Quaternary (Q) Period
Holocene (H) Epoch

11,700 years ago to present day

Modern river channel
deposits

(Qyer)

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 types. Age:
generally less than 100 years (Richard et al. 2006).

Quaternary (Q) Period
Holocene (H) Epoch

11,700 years ago to present day

Modern stream
channel deposits

(Qyo)

Denotes modern ephemeral streams draining piedmont. 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 m (2 to 3 ft) below adjacent Holocene
terraces. These channels tend to flow after locally heavy rainstorms.
Age: less than 1,000 years (Huckleberry 1992).

Quaternary (Q) Period
Holocene (H) and Pleistocene (PE)
Epochs

2.6 million years ago to
present day

Surficial deposits,
undivided

(Qal)

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.

Quaternary (Q) Period
Holocene (H) Epoch

11,700 years ago to
present day

Piedmont alluvium,
youngest

Qy)

Mostly alluvium; may include some eolian (windblown) deposits.
Characterized by unconsolidated, stratified, poorly to moderately
sorted sand, gravel, cobble, and boulder deposits that underlie small
active channels, low terraces, and alluvial fans. Terraces and alluvial
fan surfaces are 0 to 2 m (0 to 7 ft) above active tributary channels
(Qyc). Age: less than 1,000 years (Huckleberry 1992).

Quaternary (Q) Period
Holocene (H) Epoch

11,700 years ago to present day

River deposits,
younger

(Qyr)

Consists of sand and gravel equivalent to material in channel
deposits, as well silt and clay deposited by overbank flow during
floods. Generally includes young terrace deposits that are above
the active channels. Locally includes Qyc or Qycr. Age: less than
10,000 years (Huckleberry 1992).

Quaternary (Q) Period
Holocene (H) and Pleistocene (PE)
Epochs

2.6 million years ago to
present day

Colluvium and talus

(Qct)

No description provided in source data. According to Ferguson
and Skotnicki (1996): deposits mantle steep slopes. Consists of
locally derived, poorly sorted, angular to subrounded clasts. Age:
less than 750,000 years (Richard et al. 2006).




Geologic Time Unit(s) i
2 Geologl.c Map Map Unit Description
Age Unit
. Quaternary (Q) Period Fine-grained sheetflood and overbank deposits typically found in
Pleistocene (PE) to Holocene (H) Alluvi lower piedmont areas, possibly mantling older deposits. Consists
B G uvium ; ; i : .
p Qif of sand, silt, and clay, with some fine gravel. Differentiated from

2.6 million years ago to
present day

basin center deposits by sedimentological evidence of surface slope
sufficient to keep water flowing on the depositional surface.

Quaternary (Q) Period
Late to latest Pleistocene (PE)
Epoch

126,000 to 11,700 years ago

Piedmont alluvium,
younger

(Qi3)

Alluvial fan surfaces and terraces located generally in proximal fan
positions. Consists of moderately sorted, clast-supported sandstone
and conglomerate with abundant granitic or metamorphic gravel
clasts in a tan to brown sandy to silty matrix. Age: 20,000-10,000
years (Huckleberry 1992).

Quaternary (Q) Period
Late Pleistocene (PE) Epoch

126,000 to 11,700 years ago

River terrace and
alluvium deposits

(Qi3r)

River terrace deposits; alluvium on river floodplains. Consists of
pebbles, some cobbles, and sand. Situated 3-6 m (10-20 ft) above
the Holocene floodplain (Qyr). Age: 130,000 to 10,000 years
(Klawon et al. 1998; Richard et al. 2006).

Quaternary (Q) Period
Middle to late Pleistocene (PE)
Epoch

781,000 to 11,7000 years ago

River deposits, older

(Qmir)

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. Age: 500,000 to 10,000 years (Klawon et al.
1998).

Quaternary (Q) Period
Middle to late Pleistocene (PE)
Epoch

781,000 to 11,7000 years ago

Piedmont alluvium,
older

(Qi2)

Preserved depositional surfaces in the upper piedmont that form flat
ridges separated by incised channels in shallow valleys. Tends to be
coarsely textured given the proximity to mountain slopes. Includes
sand, loamy sand, gravely sand, and minor gravel; poorly sorted
with sand- to boulder-sized clasts. Surfaces are typically 2 to 10 m
(7 to 30 ft) above modern channels (Qyc).

Quaternary (Q) Period
Middle to early Pleistocene (PE)
Epoch

2.6 million to 126,000 years ago

River deposits, oldest

(Qor)

Relict very old river terraces distinguished by strong carbonate
accumulation. These surfaces are altered by agricultural activity.
Age: 1 million to 500,000 years (Klawon et al. 1998).

Quaternary (Q) Period
Early Pleistocene (PE) Epoch

2.6 million to 781,000 years ago

Piedmont deposits,
oldest

(Qop)

Alluvial fan surfaces and deposits that consist of typically very poorly
sorted cobbles to clay, including angular to subangular cobbles

and pebbles and clay. Occupies the highest topographic position

on the piedmont and occurs only on the upper piedmont. Original
fan surfaces have been removed by erosion, so the characteristic
topographic expression is alternating ridges and valleys. Age: 1
million to 500,000 years (Klawon et al. 1998).

Tertiary (T): Neogene (N) Period
Miocene (MI) to Pliocene? (PL)
Epochs

23 million to 2.6 million years ago

Gila Group, basalt
(Tby)

No description provided in source data. Geolex refers to the
“Gila Group” as “Gila Conglomerate” and records a late Tertiary
(Miocene to Pliocene?) age; elsewhere, the unit may be as young
as Quaternary (Pleistocene). The unit is “basin fill” and includes
volcaniclastic conglomerate, sandstone, siltstone, as well as
interlayered basaltic to dacitic lava flows.

Tertiary (T): Neogene (N) Period
Miocene (MI) Epoch

23 million to 5.3 million years ago

Apache Leap Tuff
(Talt)

No description provided in source data. According to Peterson
(1969): ash-flow sheet consisting of nonwelded light-gray tuff at
the base that grades upward to densely welded black vitrophyre
that is overlain by densely welded tuff with cryptocrystalline
groundmass. Farther up in the unit, degree of welding gradually
decreases and degree of devitrification and vapor-phase
crystallization increase. Color progressively changes upward from
light brown just about the vitrophyre through moderate red to very
light gray near top. Abundant pumice fragments progressively less
flattened towards the top. Phenocrysts constitute 40% of the rock.
Age: Tertiary, based on 20-million-year-old K-Ar date (Creasey and
Kistler 1962).
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Age

Geologic Map
Unit

Map Unit Description

Tertiary (T): Neogene (N) Period
Miocene (MI) Epoch

23 million to 5.3 million years ago

Superstition Tuff,
Miners Needle break
(Tsm)

This unit is named for a package—referred to as a “break” less than
2 m (7 ft) thick (see Skotnicki and Ferguson 1995)—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.

Tertiary (T): Paleogene (PG) Period
Oligocene (OL) Epoch

33.9 million to 23 million years ago

Whitetail Formation,
sandstone and
conglomerate

(Twsc)

No description provided in source data. Geolex refers to the
formation as “Whitetail Conglomerate.” According to Peterson
(1969): Whitetail Conglomerate consists of stream deposits derived
from all older rocks. Fragments are angular to subrounded, pebble
to boulder size, and coarsest near base. Fragments’ composition
generally is like nearby bedrock. Matrix is typically coarse-grained,
poorly sorted, arkosic to lithic sandstone, but matrix of some beds
is fine grained. Moderately to well cemented. Bedding plains

are generally poorly defined, locally absent, but become distinct
upward. Upper part locally interstratified with water-laid tuff,
which is from pyroclastic eruptions that immediately preceded the
ash-flow eruptions of the Apache Leap Tuff. Age: 32 million years,
based on biotite collected from an air-fall tuff interbedded near the
top of the conglomerate (Cornwall et al. 1971).

Tertiary (T): Paleogene (PG) Period
Oligocene (OL) Epoch

Whitetail Formation,
granite breccia

No description provided in source data. See map unit
description for Twsc.

33.9 million to 23 million years ago (Twx)
Tertiary (T) and Cretaceous (K) No description provided in source data. According to Ferguson
Periods Mafic dikes and Skotnicki (1996): fine-grained, dark greenish-gray mafic dikes.
(TKbi) Mineral assemblages are dominated by plagioclase and fine-

145 million to 2.6 million years ago

grained, unidentifiable mafic minerals.

Tertiary (T) and Cretaceous (K)
Periods

145 million to 2.6 million years ago

Intermediate dikes
(TKdi)

No description provided in source data. According to Ferguson
and Skotnicki (1996): crystal-rich aphanitic-matrix and porphyritic
holocrystalline dikes and lenticular intrusions. The porphyritic
bodies are typically crystal rich, commonly with abundant coarse-
grained quartz, and rarely include crystal-poor varieties. The
average composition is probably quartz monzodiorite. Also contains
variable amounts of biotite and hornblende. The rocks weather to
a dark color, and the porphyritic varieties have a dark gray matrix.
These dikes probably correlate to the Laramide dikes and elongate
intrusions in the Poston Butte area, east of the Santan Mountains
(Nason et al. 1982).

Tertiary (T) and Cretaceous (K)
Periods

145 million to 2.6 million years ago

Felsic dikes
(TKri)

No description provided in source data. According to Ferguson
and Skotnicki (1996): light-colored, aphanitic-matrix, crystal-poor
felsic dikes. Contain 5%-10%, 1-2 mm (0.04-0.08 in) phenocrysts
of subhedral biotite, quartz, and minor chalky white K-feldspar.
Age: 63.90 + 2.30 million years based on K-Ar date (Ferguson and
Skotnicki 1996).

Cretaceous (K) Period

145 million to 66 million years ago

Diorite
(Kd)

No description provided in source data. According to Ferguson
and Skotnicki (1996): mafic plutonic bodies, typically fine- to
medium-grained, equigranular diorite and monzodiorite.

Cretaceous (K) Period

145 million to 66 million years ago

Quartz monzodiorite
to quartz monzonite

(Kg)

No description provided in source data. According to Ferguson
and Skotnicki (1996): medium- to fine-grained, equigranular quartz
monzonite to quartz monzodiorite, and locally monzodiorite with
between 10% to 20% mafic minerals, mostly biotite and lesser
hornblende. Age: 66.00 + 0.90 and 72.10 + 1.40 million years
(biotite K-Ar radiometric dates; recalculated by Reynolds et al. 1986
from Balla 1972).
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Geologic Map

Map Unit Description

Unit
Vein arrays No descriptipn provided ir? source data. Accprding to Ferguson
(Kv) and Skotnicki (1996): hematite-stained clastic dikes, cataclastic
zones and/or copper-mineralized quartz vein arrays.
Dark gray-green diabase composed of 1-5 mm (0.04-0.2 in),
Diabase interlocking, tabular, s.ubhedr_al phenocrysts of green to black _
vd) pyroxene, clear to white plagioclase, and 1-3 mm (0.04-0.12 in)
opaqgue minerals (magnetite?). Opaque minerals commonly altered
to red iron oxide.
No description provided in source data. According to Skotnicki
and Ferguson (1996): outcrops form steep hills covered with large
spheroidal boulders, as well as expansive dissected pediments in
the west half of the Sacaton Mountains. Consists of K-feldspar
porphyritic granite to quartz monzonite containing about 15%-—
20% clear to milky gray quartz, light gray to light pink K-feldspar,
K-feldspar and variable amounts of biotite (between 5%-15%). The matrix is
porphyritic granite | medium- to coarse-grained. K-feldspar phenocrysts are subhedral
(Yg) and are as much as 5 cm (2 in) long. Biotite is anhedral to

subhedral, fresh, and occurs in loose, felty masses. Exposures with
less abundant biotite (about 5%) are lighter in color than more
biotite-rich outcrops. The rock is medium to light gray on fresh
surfaces. Weathered surfaces are rusty tan and locally moderately
varnished. Yge and Yg are considered cogenetic phases of a larger
pluton. Age: 1.240 billion years (Balla 1972).

Granite, equigranular
phase

(Yge)

No description provided in source data. According to Ferguson
and Skotnicki (1996): medium- to slightly coarse-grained granite
with 5%-10% biotite exposed at Cholla Butte. The granite is mostly
equigranular but locally slightly porphyritic (quartz and K-feldspar).
On the west side of Cholla Butte the rock is coarser grained and
quartz porphyritic, where quartz occurs as 5-12 mm (0.2-0.5

in), spherical, anhedral phenocrysts. Yge and Yg are considered
cogenetic phases of a larger pluton.

Silicified granite

No description provided in source data. According to Wilson
(1969): granite with coarse- to medium-grained texture. Samples
of these rocks, examined microscopically, were found generally to
contain 54%-70% orthoclase, 1%-14% oligoclase, 15%-18%

(Ygs) quartz, 6%-10% biotite, and 4% or less muscovite. Age: “older
Precambrian” (i.e., probably “Early Proterozoic”) but unit may
include some younger granites (Wilson 1969).
. . No description provided in source data. According to Skotnicki
Pinal Schist, . ) S . .
undifferentiated and Ferguson (1996): Pinal Schist, which is exposed in small isolated
(Xp) hills, is medium- to coarse-grained quartz-muscovite schist. Age:

1.715 billion years (Drewes 1980).




alluvium. Stream-deposited sediment.
anhedral. A grain lacking well-developed crystal faces.

aphanitic. Describes the texture of fine-grained igneous rock in which different components are not distinguishable by the
unaided eye.

arkose. A commonly coarse-grained, pink or reddish sandstone consisting of abundant feldspar minerals.

ash flow. A density current, generally a hot mixture of volcanic gases and tephra that travels across the ground surface;
produced by the explosive disintegration of viscous lava in a volcanic center, or from a fissure or group of fissures. The solid
materials contained in a typical ash flow are generally unsorted and ordinarily include volcanic dust, pumice, scoria, and
blocks in addition to ash.

basalt. Volcanic rock that is characteristically dark in color (gray to black), contains < 53% silica (silicon dioxide [SiO,], an
essential constituent of many minerals), and is rich in iron and magnesium.

biotite. A dark-colored, shiny silicate mineral (silicon + oxygen) of the mica group composed of magnesium and/or iron,
K(Mg,Fe)Si,O, (OH),; characterized by perfect cleavage, readily splitting into thin sheets.
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boulder. A detached rock fragment, generally somewhat rounded or otherwise distinctively shaped by abrasion during
transport, greater than 256 mm (10 in) in diameter; the largest rock fragment recognized by sedimentologists.

breccia. A coarse-grained, generally unsorted sedimentary rock consisting of cemented angular clasts more than 2 mm (0.08
in) across.

cataclastic. Describes a structure in a rock, such as bending, breaking, or crushing of minerals, resulting from extreme stress
during metamorphism.

clast. An individual constituent, grain, or fragment of a rock or unconsolidated deposit, produced by the mechanical or
chemical disintegration of a larger rock mass.

clay. A detrital particle that is less than 0.004 (1/256) mm (0.00015 in) in diameter.

cobble. A rock fragment ranging from 64 to 256 mm (2.5 to 10 in) in diameter, thus larger than a pebble and smaller than a
boulder; generally rounded by abrasion.

colluvium. A general term applied to loose and incoherent deposits, usually at the foot of a slope or cliff and brought there
chiefly by gravity.

conglomerate. A coarse-grained, generally unsorted, sedimentary rock consisting of cemented, rounded clasts larger than 2
mm (0.08 in) in diameter.

cryptocrystalline. Describes a rock texture in which individual crystals are too small to be recognized or distinguished with
an ordinary microscope.

dacite. A volcanic rock that is characteristically light in color and contains approximately 63%-68% silica and moderate
amounts of sodium and potassium.

devitrification. Conversion of glass to crystalline material.

diabase. An intrusive igneous rock consisting primarily of the minerals labradorite and pyroxene.

dike. A narrow igneous intrusion that cuts across bedding planes or other geologic structures.

diorite. A coarse-grained, intrusive igneous rock characteristically containing plagioclase, as well as dark-colored amphibole
(especially hornblende), pyroxene, and sometimes a small amount of quartz; diorite grades into monzodiorite with the
addition of alkali feldspar.

equigranular. Said of the texture of a rock having crystals of the same or nearly the same size.

euhedral. A grain bounded by perfect crystal faces; well-formed.

felsic. Derived from feldspar + silica to describe an igneous rock having abundant light-colored minerals such as quartz,
feldspars, or muscovite; also, describes those minerals.

felty. Said of the texture of the groundmass of a holocrystalline (composed entirely of crystals) igneous rock in which lath-
shaped microlites (microscopic crystals that polarize light; typically plagioclase) are interwoven in an irregular unoriented
fashion.

granite. A coarse-grained, intrusive igneous rock in which quartz constitutes 10%-50% of the felsic (“light-colored”)
components and the alkali feldspar:total feldspar ratio is generally restricted to the range of 65% to 90%; perhaps the best
known of all igneous rocks.

gravel. An unconsolidated, natural accumulation of rock fragments that are greater than 2 mm (0.08 in) in diameter;
deposits may contain boulders, cobbles, or pebbles.

hematite. An oxide mineral composed of oxygen and iron, Fe,O..

hornblende. A silicate (silicon + oxygen) mineral of sodium, potassium, calcium, magnesium, iron, and aluminum;
commonly black and occurring in distinct crystals or in columnar, fibrous, or granular forms in hand specimens.




igneous. Describes a rock or mineral that solidified from molten or partly molten material; also, describes processes leading
to, related to, or resulting from the formation of such rocks. One of the three main classes or rocks—igneous, metamorphic,
and sedimentary.

intermediate. Said of an igneous rock that is transitional between felsic and mafic, generally having a silica content of
54%-65%.

K-feldspar or potassium feldspar. A feldspar mineral rich in potassium such as orthoclase, microcline, and sanidine.
lithic. Described a medium-grained sedimentary rock or pyroclastic deposit that contains abundant fragments of previously
formed rocks.

lithology. The physical description or classification of a rock or rock unit based on characteristics such as color, mineral
composition, and grain size.

loam. A rich permeable soil composed of a mixture of clay, silt, sand, and organic matter.

mafic. Derived from magnesium + ferric (Fe is the chemical symbol for iron) to describe an igneous rock having abundant
dark-colored, magnesium- or iron-rich minerals such as biotite, pyroxene, or olivine; also, describes those minerals.

metamorphic rock. Any rock derived from preexisting rocks that was altered in response to marked changes in
temperature, pressure, shearing stress, and chemical environment. One of the three main classes of rock—igneous,
metamorphic, and sedimentary.

monzodiorite. An intrusive igneous rock intermediate in composition between monzonite and diorite and containing nearly
equal amounts of plagioclase and alkali feldspar. The presence of alkali feldspar distinguishes monzodiorite from diorite.
monzonite. An intrusive igneous rock, intermediate in composition between syenite and diorite, containing approximately
equal amounts of alkali feldspar and plagioclase and very little quartz. Monzonite contains less quartz and more plagioclase
than granite.

muscovite. A light-colored silicate (silicon + oxygen) mineral of the mica group, KALSi,O, (OH),, characterized by perfect
cleavage in one direction and the ability to split into thin, clear sheets.

oligoclase. A silicate (silicon + oxygen) mineral of the plagioclase group, intermediate in chemical composition and
crystallographic and physical characteristics between albite (NaAlSi,O,) and anorthite (CaAlSi,O,).
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orthoclase. A colorless, white, cream-yellow, flesh-pink, or gray silicate (silicon + oxygen) mineral of the alkali feldspar
group, KAISI,Q,, characterized by potassium ions in its crystal structure.
pebble. A rock fragment ranging from approximately 4 to 64 mm (0.16 to 2.5 in) in diameter and generally rounded by
abrasion.
pumice. A highly vesicular pyroclast with very low bulk density and thin vesicle walls.
phenocryst. A coarse-grained crystal in a porphyritic igneous rock.
plagioclase. A silicate (silicon + oxygen) mineral of the feldspar group that contains both sodium and calcium ions that
freely substitute for one another; characterized by striations (parallel lines) in hand specimens.
plutonic. Describes an igneous rock or intrusive body formed at great depth beneath Earth’s surface.
porphyry. An igneous rock consisting of abundant coarse-grained crystals in a fine-grained groundmass.
pyroclast. An individual particle ejected during a volcanic eruption; usually classified according to size.
pyroxene. A group of silicate (silicon + oxygen) minerals composed of magnesium and iron with the general formula
(Mg, Fe)SiO,; characterized by short, stout crystals in hand specimens.
quartz. Silicon dioxide, SiO,. The only silicate (silicon + oxygen) mineral consisting entirely of silicon and oxygen.
Synonymous with “crystalline silica.”
sand. A detrital particle ranging from 0.06 (1/16) to 2 mm (0.0025 to 0.08 in) in diameter.
sandstone. Clastic sedimentary rock composed of predominantly sand-sized grains, 1/16-2 mm (0.0025-0.08 in).
schist. A medium- to coarse-grained, strongly foliated, metamorphic rock with eminently visible mineral grains, particularly
mica, which are arranged parallel, imparting a distinctive sheen or “schistosity” to the rock.

sedimentary rock. A rock resu