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Introduction
Geologic maps have traditionally emphasized bedrock rather than unconsolidated
sediments, the latter usually being lumped into the generic category of "Tertiary and/or
Quaternary alluvium". This tradition has left many areas, especially those within the Basin and
Range physiographic province, incompletely mapped. Recently, however, there have been
systematic efforts to map unconsolidated surficial deposits at small (1:500,000), intermediate
(1:100,000), and large (1:24,000) scales (Demsey, 1989; Field and Pearthree, 1992; Hunt, 1978;
Jackson, 1990). The impetus for surficial geologic mapping lies in the fact that humans have a
vested interest in knowing the distribution and nature of late Cenozoic geological deposits and
landforms. Most of the Southwest's urban areas including Albuquerque, El Paso, Las Vegas,
Phoenix, and Tucson lie on basin fill. Consequently, there is an interest in the physical properties
of the substrata, the distribution of industrial minerals, and the potential for flooding and other
geologic hazards. These types of information can be obtained from surficial geologic mapping
(Pearthree, 1991). In addition to engineering concerns, other research-oriented information can
be gained as well. Because surficial geologic mapping is based on temporally discrete
geomorphic surfaces, it provides insight into climatic and tectonic mechanisms of landscape
evolution (Bull, 1991). Also, surficial geologic maps can be used to assess subsurface
archaeological potential (Davidson, 1985) and serve as a guide for avoiding archaeologically
sensitive areas.
This report presents the results of surficial geologic mapping of the eastern part of the
Gila River Indian Community (GRIC) area in westem Pinal County, Arizona. The area mapped
is covered by the Blackwater, Gila Butte, Gila Butte Northwest, Gila Butte Southeast, Sacaton,
and Sacaton Butte 7.5 minute quadrangles. The unifying geomorphic feature in these
quadrangles is the Gila River, although small segments of other large tributary streams also are
included within the project area (e.g., Santa Cruz River, Santa Rosa Wash, McClellan Wash).
This mapping project is an extension of the author's Ph.D. dissertation study on the fluvial
history of the middle segment of the Gila River (MGR). Although funding for the bulk of the
mapping was provided by the COGEOMAP program, a cooperative mapping project between
the U.S. Geological Survey and the Arizona Geological Survey, some of this work was made
possible by the financial support from Chevron USA, Inc. and the Maxwell Short Scholarship
for research in the Southwest. Gratitude is extended to the Gila River Indian Community for
providing aerial photography and granting permission to perform fieldwork.

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

position. In some cases, historical flood records help to identify late Holocene surfaces that are
actively aggrading.
Surficial geologic mapping of the eastern GRIC area involved four primary stages. The
first stage was distinguishing landforms and surfaces using aerial photographs. A combination of
historical and modem black-and-white photography at scales of approximately 1:30,000 and
1:58,000 were used for the study area. Stereoscopic analysis was particularly useful in the
delineation of surfaces based on morphometric properties. Boundaries were traced onto U.S.
Geological Survey 7.5 minute orthophotos.
The second stage involved verifying surface boundaries mapped from aerial
photography. Field reconnaissance allowed for inspection of desert pavement, rock varnish, and
soil development. Soil pits were excavated on alluvial fan surfaces and described according to
the Soil Survey Manual (Soil Survey Staff, 1951; Appendix A). Calcium carbonate
development, a useful indicator of soil age, was characterized using Machette's (1985) revision
of Gile and others' (1966) original morphogenetic system.
The third stage involved checking map-unit boundaries with soil surveys (Adams, 1974;
Camp, 1986; Hall, 1991). In areas that have been cultivated, soil survey data constituted the
primary criteria for distinguishing temporally discrete surfaces.
The final stage was the correlation and age-estimation of surfaces. Whereas
distinguishing surfaces based on physical criteria.is largely objective and straight forward,
correlation of surfaces is not. As the size of a study area increases, so do the variety and
combination of surface characteristics; Penecontemporaneous,surfaces may have different
characteristics because of factors other than time. For example, lithologic variability may result
in surfaces of comparable age having contrasting stream dissection and pavement development.
Soil development may also vary between similarly aged surfaces due to differences in parent
material or differential preservation. Consequently, several physical lines of evidence were
considered as a whole, and parameters were given variable weight in different areas depending
on site-specific circumstances.
Once landform surfaces were correlated within the project area, the next step was to
assign approximate ages. Although there are a variety of Quaternary dating techniques that
result in both relative and absolute age estimates (see Easterbrook, 1988), dating Quaternary
deposits and surfaces is often problematic. Many of the methods, especially those that date
surface exposure, are still in their developmental stages. Isotopic dating methods (e.g., 14C and
K-Ar) provide numerical age estimates for Quaternary deposits, but it is commonly difficult to
find the appropriate materials needed for dating (e.g., organic matter or volcanics) in an
appropriate stratigraphic context. Furthermore, age control on stratigraphy at depth may not
reflect the age of the overlying surface since there may be unrecognizable stratigraphic
unconformities at depth.
These problems usually result in the reliance on correlated- or relative-age assignments
for Quaternary surfaces and deposits. Most of the mapped Quaternary deposits in the eastern
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GRIC area are correlated in age to similar deposits and landforms which have been studied and
age estimated elsewhere in the Southwest. Late Quaternary alluvial stratigraphy has been well
dated along the upper tributaries of the Gila River, primarily the San Pedro and Santa Cruz
rivers (Haynes, 1987; Waters, 1988). Whereas these studies are useful for correlating some of
the younger MGR deposits, they are difficult to apply to piedmont landforms as well as older
stream terraces. The majority of surficial deposits and landforms in the eastern GRIC area are
correlated to landforms studied in detail in southern New Mexico (Gile and others, 1981) and in
the lower Colorado River area (Bull, 1991). These two areas provide a temporal framework for
analyzing arid and semiarid soil and landform development, and help to estimate landform age
along the MGR.

Geomorphic Setting
The project area is located within the Sonoran Desert section of the Basin and Range
physiographic province, a region characterized by steep, normal faulted, block mountains and
downdropped basins. The MGR emerges from the mountainous Mexican Highlands section of
the province approximately 20 km upstream from Florence and flows generally westward across
the southern portion of the Phoenix Basin (Pewe, 1978; Figure 1). The project area is divided
into two principal zones: Mountain UplandlPiedmont and River ValleyIBasin Floor. The
Mountain UplandlPiedmont zone comprises mountains, pediments, and alluvial fans. The River
ValleyIBasin Floor zone includes Holocene and Pleistocene stream terraces, and basin floor
surfaces that grade to Pleistocene stream terraces.
Within the eastern GRIC area, the MGR terrace sequence is generally characterized as a .
single Pleistocene terrace above the Holocene flood plain (El-Zur, 1965; Haury, 1976:122).
Exceptions do occur in places such as at Sacaton where piedmont surfaces extend all the way to
Holocene terraces. Upstream from the study area, at least three Pleistocene terraces are
recognized in the Florence area (Morrison, 1985; Pewe, 1978). Downstream from the study area,
below the junction of the Salt and Gila rivers, two to four Pleistocene terraces have been
identified (Lee and Bell, 1975; Morrison, 1985; Ross, 1922).
The Holocene flood plain is well defined along most of the MGR and varies in width
from approximately 1 km at the Southern Pacific railroad bridge (near Casa Grande National
Monument) to over 4 km in the Casa Blanca and Snaketown area. Historical records indicate that
the MGR flowed most of the year and was characterized by a narrow, relatively deep channel
with an extensive riparian woodland (Rea, 1983). Most of the Holocene flood plain is now
agriculturally developed, and indigenous riparian flora have been replaced largely by exotic
tamarisk (Tamarix). Since construction of Coolidge Dam in 1928, the MGR channel has only
occasionally supported streamflow during periods of above normal precipitation.
In the eastern GRIC area, the MGR passes between two mountain ranges: the Sacaton
and Santan mountains (Figure 1). Both mountain ranges are pedimented to some degree and
contain different aged alluvial fans. Alluvial fan deposits and a heavily dissected pediment
extend from the Santan Mountains and adjacent hills to the Holocene flood plain of the MGR.
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Figure 1. The middle Gila River area, south-central Arizona.
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The Sacaton Mountains contain a less dissected pediment and alluvial fan complex. Most of the
Sacaton Mountain pediment is covered by a thin layer of alluvium which led Kirk Bryan (1925)
to use the term "concealed pediment" to describe this landform. In addition to these mountain
ranges, bedrock emerges above the alluvial surface in several places as isolated knobs and hills
(e.g., Gila Butte). The presence of many inselbergs indicates that unlike structural basins to the
north in the Phoenix area, the depth of basin fill along the MGR is at scales of 100's rather than
1000's of meters (see Lippincott, 1900).

Map Units
Three primary symbols are used to distinguish surfaces in the Upland
Mountain/Piedmont and River ValleylBasin Floor areas along the MGR: Y (young), M (middle
or intermediate), and 0 (old). A lower case "a" following one of these primary symbols denotes
alluvial fan surfaces and channels. Each primary symbol may be subdivided into secondary (e.g.,
Y1 and Y2) and tertialY levels (Yala and Ya1b). If a landform has characteristics transitional
between two map units, then both units are presented and separated by a slash (e.g., Y2/Y1). The
subscript "p" indicates a buried pediment as evidenced by bedrock exposures along drainages.
Steeply sloping bedrock is denoted by "b"; exposed pediments are marked by "ped".
Where boundaries between temporally discrete surfaces are distinct, the boundary is
marked by a solid line. If surface characteristics, change gradually, a dashed line is used to mark
the approximate boundary. Where a surface with uniform characteristics cannot be traced with
certainty due to agricultural fields, a dotted line is used to designate agticultural field
boundaries. This latter boundary may separate a secondary or tertiary level designation with a
less resolute, primary designation (e.g., Ya1b and Ya1). The degt'ee of detail shown on the maps
varies considerably due to spatially variable surface modifications, e.g., agriculture.

Surfaces and Their Age Estimates
Mountain UplandlPiedmont Area
Ya2
Ya2 denotes modem ephemeral streams draining the bajada surrounding the MGR. These
channels are lined with palo verde (Cercidium), mesquite (Prosopsis), and ironwood (Olneya).
Both distributary and anastomosing drainage patterns are present within Ya2 channels (Table 1).
These channels tend to flow after locally heavy rainstorms. Ya2 channels are estimated to be less
than 1 ka 1
1 1 ky = 1, 000 years; 1 ka = 1 ky before present; 1 My = 1 million years; 1 Ma = 1 My before
present (North American Commisssion on Stratigraphic Nomenclature, 1983)
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Ya1a
Ya1a represents late Holocene alluvial surfaces adjacent to Ya2 channels and are located
generally in the distal portions of alluvial fans. In places, Ya1a alluvium overlies pediment.
These surfaces are only slightly dissected (Table 1) and support both sheetflow and distributary
drainage. Soil development is slight: oxidation (slight reddening) and incipient calcification are
the predominant pedogenic processes on Yal a surfaces. Soils classify as Torrifluvents and
Camborthids (Soil Survey Staff, 1975: 170, 189; Appendix A: Soil 2). The cambic horizons in
these soils are based on slight reddening and probably should be considered oxidized C horizons
[see Birkeland's (1984:8) "Cox" horizon].
The Yala surface correlates with Bull's (1991) Q4a surface which he age-estimates at
0.1-2.0 ka' Yala deposits are comparable in topographic position and soil development to the
younger Fillmore alluvium age estimated at 0.1-7.0 ka (Gile and others, 1981). Yala sediments
are age estimated at less than 1 ka (Table 2).
Yalb
Y a1 b surfaces are similar to those of Yal a except there is greater dissection resulting in
the development of dendritic as well as distributary drainage patterns (Table 1). Ya1b alluvium
occurs in distal alluvial fan positions and on pediments. Soils are more mature and contain
better developed cambic and calcic(Stage I) horizons (Appendix A: Soil 4). WhereYalb
alluvium overlies pediment, there may be a petrocalcic horizon at depth,but this horizon is
associated with a buried soil and not Yal b alluvium. Such soils classify as Paleorthids (Soil
Survey Staff, 1975: 176), but the majority of Yal b soils classify as Camborthids, Calciorthids,
and Natrargids (Soil Survey Staff, 1975: 163, 168). Natrargids are generally restricted to the
lower distal portions of alluvial fans and imply former shallow water tables.
The Yalb surface correlates to Bull's (1991) Q3c surface (2-4 ka) and the older Fillmore
alluvium (Gile and others, 1991). Ya1b is age-estimated to be 1-10 ka (Table 2).
Yal
Yal represents Holocene alluvial fan surfaces that cannot be distinguished into Yala and
Yal b due to obscuring surface features, chiefly agricultural fields.
Ma2
Ma2 fan surfaces are late Pleistocene in age and located generally in proximal fan
positions. These surfaces are moderately dissected and have dendritic drainage patterns (Table
1). In places, a moderate desert pavement is developed. Soils are quite variable and contain
cambic, calcic (Stage I-II), and argillic horizons. Ma2 soils classify as Camborthids,
Calciorthids, and Haplargids (Soil Survey Staff, 1975:159; Appendix A: Soils 5 and 6).
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Table 1. Physical characteristics of geomorphic surfaces.

MOUNTAIN UPLANDIPIEDMONT

Soil
Surface
Ya2
Ya1a
Ya1b
Ma2
Ma2'
Mal
Oa

Dissection

Drainage

Soil Horizons

C03 Stage

< 1m
> 1m
<2m
>3m
>3m
>6m

dist. - anast.
dist.
dist. - dend.
dendritic
dendritic
dendritic
dendritic

C
BW,Bk,Cox
Bw, Bk, Cox
Bw, Bk, Bt, Cox
Bw, Bk, Cox
Bt, Bk, Bkm
Bkm

0
0
I
I-II
I
II-ill
III-V

Pave11l~nt/VarI1isJ1 ____ Iyp~ ~o~ali!y ___ ~~sctiQtion

none
none
none
none to moderate
none to weak
moderate to strong
moderate to strong

ephemeral drainages
S of Twin Buttes
Pit by I -10 rest area
Upslope from Olberg
Base of Sacaton Mts.
E of San Tan
Upslope from Olberg

Pavement/Varnish
none
none
none
none
none

TYEe Locality
Gila River
Little Gila River
McClellan Wash
Gila River floodplain
Snaketown

RIVER VALLEYIBASIN FLOOR

Surface
Y2
Y2'

Dissection

Y2IY1

<3m
<3m
<4m

Y1
M

Drainage
dist. - anast.
dist. - anast.
dist. - dend.
dist. - dend.
dendritic

Soil Horizons
C03 Stage
0
C
0
C
Bw, Bk, Cox
I
Bw, Btn, Bk, Cox
I
Bt, Btn, Bk
II-III

2,7
4

5,6
1
3
8

#

Table 2. Surface Correlation and Age Estimates.
MOUNTAIN UPLAND/PIEDMONT
Middle Gila River
(Huckleberry; this report)
Ya2
Yala
Yalb
Ma2&Ma2'
Mal
Oa

Lower Colorado
River Region
(Bull 1991)
Q4b
Q4a
Q3c
Q3a
Q2a
Ql

Las Cruces, N.M.
(Gile and others 1981)
Filhnore
Filhnore
Isaac's Ranch
JornadaI
Dona Ana

Estimated
Landform Age
< 1 ka
< 1 ka
1-10ka
10-20 ka
100-500 ka
> 500 ka

RIVER V ALLEY!BASIN FLOOR
Middle Gila River
(Huckleberry; this report)
Y2
Y2'
Y2/Yl
Yl
M

Lower Colorado
River Region
(Bull 1991)
Q4b
Q4b
Q4a
Q3c

Las Cruces, N.M.
(Gile and others 1981)

Filhnore
Fillmore
Picacho

Estimated
Landform Age
< 1 ka
< 1 ka
< 1 ka
< 10ka
20-200 ka

Ma2 surfaces correlate with Bull's (1991) Q3a(8-12 ka) and possibly some of the
younger Q2c surfaces (12-70 ka). Ma2 surfaces also correlate with Gile and others' (1981)
Isaac's Ranch surface which they age-"estimate at 8-15 ka. The Ma2 surface probably dates to the
last full glacial and is age-estimated at 10-20 ky (Table 2).
Ma2'
At the base of the Sacaton Mountains are Ma2' fan deposits. These deposits comprise
isolated alluvial fan remnants which are heavily dissected and situated above adjacent Holocene
fan alluvium (Table 1). Only the proximal portions of these alluvial fans are preserved. Soils are
not particularly well developed (Appendix A: Soil 1) reflecting active surface degradation. In
places, remnants of a desert pavement are evident, but surface stones are only weakly varnished.
Although Ma2' alluvial fans have immature soils, it is clear from fan morphometry that
these deposits were formed during the Pleistocene and subsequently eroded. Such dynamics
imply large magnitude climate change, and the most likely candidate is the transition from full
glacial to interglacial approximately 10 ka. Ma2' fan deposits are considered
penecontemporaneous with Ma2 fan deposits (Table 2).
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Mal
Mal fan deposits are highly dissected resulting in a series of concordant ridges. Surfaces
are dissected greater than 3 m, and drainage is dendritic (Table 1). Desert pavement and rock
varnish development vary between moderate and strong. Rock varnish color is reddish but varies
between clasts of different lithology. Soils have argillic, calcic, and petrocalcic horizons (Stage
II-III+) and classify as Haplargids, Paleargids, Calciorthids, and Paleorthids (Soil Survey Staff,
1975:165,176; Appendix A: Soil 3).
Mal surfaces correlate to Bull's (1991) Q2a surface (400-730 ka) and Gile and others'
(1981) Jornada I surface (250-400 ka). The Mal surface is age-estimated at 100-500 ka (Table
2).
Oa
The oldest alluvial fan deposits are labeled Oa. Like Mal, Oa deposits are also heavily
eroded into a series of concordant ridges. The degree of dissection is variable ranging 3 - 8+ m
(Table 1). Soils generally contain petrocalcic horizons (Stage III-V; Appendix A: Soil 8).
Pavements are differentially preserved and contain stones that are moderately to strongly
varnished. It is probable that the pavements have formed after surface degradation and thus do
not reflect landform age. This is supported by fragments of petrocalcic horizons which are
common at the surface.
The Oa deposits correlate with Ql deposits in thelowerColorado,River Valley (Bull,
1991) and the Dona Ana surface of the middle Rio Grande Valley (Gile and others, 1981). Both
the Q 1 and Dona Ana surfaces have open-ended age-estimates ranging from greater than 400 ka
for the Dona Ana surface to greater than 1.2 Ma for the Ql surface. The Oa surface is probably
500 ka to 1 Ma.

River Valley/Basin Floor
Y2
Y2 represents the modern channel of the MGR and of the Santa Cruz River where the
natural channel is still extant. Streamflow in the MGR is generally confined to a single channel
(referred here as the low-flow channel) that is incised 1 to 3 m below the adjacent terraces
(Table 1). In places, however, channel depth decreases and the low-flow channel diverges into
several subchannels resulting in a distributary to anastomosing stream pattern. Banks of the lowflow channel are lined with Tamarix. The low-flow channel cross-sectional area decreases
downstream within the eastern GRIC area reflecting seepage losses within the channel during
infrequent streamflow.
The main channel of the MGR has formed since 1905 when a large flood destroyed much
of the riparian community and converted a narrow stream channel into a broad, braided channel
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(Rea, 1981). Since 1905, Tamarix has invaded the flood plain, and the low-flow channel has
become re-established. Although the modern channel dates to 1905, historical maps and the
distribution of Pima archaeological sites indicate that the pre-1905 channel was located more or
less in the same location. The Y2 channel is estimated to be less than 1 ka (Table 2).
Y2'
Y2' represents secondary channels of the MGR, Santa Cruz River, Santa Rosa Wash, and
Queen Creek1 that support flood flow. The Y2' designation is also applied to former primary
channels of the Santa Cruz River and Santa Rosa Wash that have been leveled and replaced by
agricultural fields. On the MGR, streamflow within Y2' channels is generally confined and inset
less than 3 m below adjacent terraces (Table 1). Streamflow is less confined in the Y2' channels
in the Santa Cruz River resulting in distributary to anastomosing drainage patterns.
Y2' channels are also less than 1 ka (Table 2). The most prominent Y2' channel within
the eastern GRIC area is the Little Gila River, which is ethnohistorically documented (Russell,
1908). There is some question as to whether the Little Gila River is natural channel or a former
HohokamlPima canal subsequently enlarged by MGR floods. Although a canal was diverted
from the terminus of the Little Gila River and extended to McClellan Wash and the Sacaton
area, the Little Gila River proper is a natural flood channel incised into adjacent Holocene
terraces in the Blackwater area.

Y2Nl
Y2/Yl is a terrace transitional between the Y2 MGR channel and the higher Yl terrace.
In places, there is a terrace scarp separatingY2/Yl and Yl surfaces, however, elsewhere (e.g.,
Sacaton) there is no definite boundary. In such places, the Y2/Yl surface is defined by areas
frequently flooded by tributary streams (e.g., McClellan Wash) graded to this surface. Drainage
on the Y2/Yl surface is distributary to dendritic (Table 1). The terrace contains both lateral
accretion (channel) and vertical accretion (overbank) deposits. Channel deposits consist of
massive or crudely bedded gravels and cobbles and medium to very coarse sands with some
planar and trough cross bedding. The overbank sediments are finer textured and consist largely
of laminated to massive silt and fine sand. Incipient soil development is recognized in some of
the Y2Nl sediments; soils classify as Torrifluvents and consist of thin A horizons over
unaltered stratified alluvium. Less common are Camborthids and Calciorthids which contain .
cambic and weakly developed calcic B horizons, respectively. Again, like in the Yala deposits,
the cambic B horizons in Y2Nl sediments might be better described as Cox horizons.
The Y2/Yl surfaces are late Holocene in age. They have experienced frequent flooding
from both the MGR and its tributaries. Portions of these surfaces were flooded in 1983 by the
MGR, a flood with an estimated recurrence interval of 50-100 years (Roeske and others, 1986).
In the Sacaton area, this surface was flooded in July, 1990 by streams draining the Sacaton
2 A paleochannel of Queen Creek is identified in the northern part of the Gila Butte and Gila Butte
Northwest quadrangles based on soil survey data (Adams, 1974).
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Mountain piedmont and McClellan Wash. These surfaces are age-estimated at less than 1 ka
(Table 2).

Yl
Yl is the main fill terrace within the MGR's Holocene geologic flood plain. Yl also
represents interfluves within the Santa Cruz and Santa Rosa drainages. Along the MGR, the
boundaries of the Yl terrace are well delineated by surrounding Pleistocene terraces. Yl
terraces characteristically contain channel deposits with a 1-3 m cap oflower energy, overbank
sediments. Overbank alluvial particle sizes are commonly fine sand and smaller. Drainage
patterns and soil development are similar to the Y2/Yl surfaces (Table 1), although cambic and
incipient calcic horizons are more common. Some of the Yl soils also contain natric horizons
(Soil Survey Staff, 1975:28). It is important to note that the Yl terrace has experienced
approximately 2,000 years of irrigation agriculture (see Haury, 1976) which may have modified
the natural soil morphology by salinization, alkalization, and the accumulation of silts and clays
in the upper soil (Huckleberry, 1992).
There is little stratigraphic age control for Yl alluvium. A Probicidean tusk (probably
Mammuthus) was retrieved from ca. 7.0-9.0 m below the Yl surface at a gravel quarry (SWI/4,
Sec. 22, T. 3 S., R. 5 E. ) suggesting that late Pleistocene alluvium occurs at depth (Kevin
Moody, oral commun., 1992). However, the uppermost alluvium contains immature soils
indicating a Holocene age. Ethnographic records by the Pima (Russell, 1908) indicate that
floods in 1833 and 1868 covered much of this surface. On the basis of soils and topographic
position, the Yl terrace is.correlatable with the Salt River's Lehiterrace CPewe, 1978) which is
estimated to be late Holocene to modern (Graybill and Nials, 1989). Yl deposits correlate with
Fillmore deposits of the middle Rio Grande River (Gile and others, 1981), which have been
dated at 1.0-7.5 ka. The Yl terrace is estimated to be less than 10 ka (Table 2).

M
M represents the only MGR Pleistocene terrace in the eastern GRIC area. This terrace
grades into adjacent basin floors in the Casa Grande National Monument, Santan, Casa Blanca,
and Snaketown areas. The M terrace is situated 3-6 m above the Holocene flood plain (Yl). As
revealed near the surface, M sediments are predominantly fine textured (sand, silt, and clay), but
it is probable that MGR cobbles and gravels occur at greater depth. Due to the paucity of
gravels, the M surface tends to lack desert pavements. Soils tend to be clayey and calcareous
with calcic horizons having Stage II-III carbonate morphology (Table 1). These soils classify as
Haplargids and Natrargids.
Soil development and topographic position indicate that the M surface is late Pleistocene
in age. The red, argillic soils record at least the last full glacial episode approximately 20 ka and
provide a minimum age for the surface. Estimating an upper age for the M surface is more
problematic. Since it grades into the floors of the Picacho and Phoenix basins, it is probable that
the M surface is spatially diachronous. In age-correlating the M surface, it is easier to correlate
that part which is MGR stream terrace. As a stream terrace, the M surface correlates with the Rio

11

Grande's Picacho tenace which is estimated to be 25-75 ka (Gile and others, 1981). As a basin
floor surface, the M surface may be older. A relatively wide age range of 20-200 ka is estimated
for the M surface (Table 2).

Interpretations of Landscape Evolution
The variety of landforms and surficial deposits along the MGR in the eastern part of the
GRIC bespeaks of a complex history of tectonism and climate change. Although much of the
bedrock exposed in the Sacaton and Santan mountains is of Laramide age and older (i.e., older
than 40 my), major elements of the modem landscape were produced by geologic events since
the Basin-Range tectonic event, approximately 10 Ma. During the Basin-Range disturbance
extensional forces fractured the upper crust creating a series of horsts and grabens. The
relatively higher mountain blocks eroded, and basin sediment filled the grabens. Dating back to
this period are the oldest landforms within the project area: the Sacaton and Santan pediments.
Pediment formation rates vary considerably due to spatially variable factors like lithology and
climate (Menges and McFadden, 1981). Some pediments situated high above the upper Gila
River valley bottom are older than 5 Ma (Monison, 1985). Since the Sacaton and Santan
pediments are dissected generally less than 10m and graded at or close to the present stream
valley, it is likely that they are somewhat younger, perhaps 2-3 Ma. If so, these pediments
indicate 2-3 My of relative tectonic quiescence in this area.
The earliest Gila River deposits to be indirectly dated by radiometric techniques are
located downstream from the project area near Gillespie Dam where.overlying volcanics were
K-Ar dated at 3.2 rna (Shafiquallah and others, 1980). Upstream from the project area near
Florence, all Gila River alluvium post-dates local volcanics including the China Wash basalt
(8.87±.26 Ma) and Poston Butte (5.86±.l4 Ma) (Reynolds and others, 1986). Because of limited
stratigraphic exposures, it is difficult to assess the age of the earliest MGR alluvium. It is
reasonable that deeply buried MGR alluvium is Pliocene (1.6-5.3 Ma) in age, but near the
surface, all of the MGR alluvium is considered Quaternary « 1.6 Ma) in age.
Quaternary climate change has been the driving force of aggradation and degradation in
the eastern GRIC area. Although south-central Arizona escaped glaciation, this area was subject
to significant changes in temperature and moisture. It is probable that the climate in the MGR
area shifted between mesic-semiarid and thermic-arid during the numerous glacial-interglacial
cycles. The direct relationships between aggradation and degradation and climate change are
still not fully understood due to the myriad of other factors that affect geomorphic processes
(e.g., lithology, hydrology, vegetation, etc.). Nonetheless it is certain that Quaternary climate
change results in landscape instability, and along the MGR, this instability is recorded by
different levels of temporally discrete alluvial fan and stream tenace surfaces. The episodic
interuption of overall late Cenozoic basin aggradation has resulted in a pattern of older alluvial
surfaces being located at higher elevations near the backslopes of the valleys, a pattern
recognized in nearby areas (e.g., Field and Pearthree 1991). Also characteristic of the region is
the incomplete landscape record of the numerous Quaternary climatic changes. Although at least
10 glacial-interglacial cycles are hypothesized for the Quaternary, the project area contains only
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three primary Pleistocene alluvial fan surfaces and only one Pleistocene stream terrace. This
implies that either earlier landforms have been effaced or buried, or that every major climate
change was not accompanied by a major geomorphic response.
The fact that there is only one Pleistocene stream terrace (M) within the project area
indicates that the MGR has aggraded at timescales of 105 years interupted by episodic
degradation at shorter timescales of 104 years. If so, older terraces may occur at depth. The last
major episode of entrenchment happened towards the end of the Pleistocene resulting in the
isolation of the M terrace. Unlike late Pleistocene surfaces in the Mountain UplandlPiedmont
zone, the M surface is minimally incised by MGR tributary drainages. This probably reflects
both the nascent aspect of the entrenchment and the arid to semiarid climate. Only within the last
20 ky has the MGR incised 3-6 m below the valley floor creating a lower base level of erosion
for tributary streams. Furthermore, during much of this time, there has been limited runoff, and
hence limited stream power, for tributary streams to incise into the M terrace.
In the Mountain UplandlPiedmont zone, alternating periods of aggradation and
degradation are better preserved in the suites of alluvial fans. The source of these sediments is
the adjacent mountainous areas, particularly the Sacaton and Santan mountains. Interestingly,
these mountains today contain very thin and sparse colluvial and soil covers. This limits the
amount of aggradation occurring in the piedmont system today. Most of the recent aggradation
appears to be reworking of older Y, M, and 0 alluvial fan sediments downslope. The paucity of
alluvium/colluvium in the mountains and abundance in the piedmonts has been noted elsewhere
in the Sonoran and Mojave deserts (Bull, 1991: 164). The evidence suggests a regional climate
change whereby colluvium which developed via mechanical and chemical weathering during
semiarid (i.e., glacial) conditions in the mountains was stripped during a shift to a more arid
(i.e., interglacial) climate. Much of the bedrock in the Sacaton and Santan mountains is granite
and quartz monzonite (Balla, 1972) -- lithologies that are susceptible to weathering and mantle
formation during relatively moist periods due to the presence of labile minerals and phaneritic
textures (Birkeland, 1984:170-181; Bull, 1991). In addition to the bedrock as a sediment source,
Pleistocene alluvial fans have also been degraded and served as a sediment supply (e.g., M2'
alluvial fans). Most of the Y alluvial fans have been produced by the Pleistocene-Holocene
climatic shift approximately 10 ka. Although this bedrock-stripping and alluvial fan degradation
event can be explained by a general shift to more arid conditions alone, increases in rainfall
intensity associated with a stronger monsoon during the early Holocene (Spaulding and
Graumlich, 1986) may also have played a role.

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

Soil No.1
Alluvial Surface: Ma2'
Classification: Torrifluvent
Location: Pinal County, Arizona; NE 114, SE 1/4, SW 114, Sec. 2, T. 5 S., R. 6 E.
Physiographic Position: Apex of relict alluvial fan near base of Sacaton Mts.; elev. 540 m.
Topography: Relict ridge of alluvial fan; 2-5% slope; WSW aspect.
Vegetation: Creosote (Larrea); bursage (Franseria); cholla (Opuntia); assorted desert grasses.
Sampled by: Gary Huckleberry, February 17, 1992.
Remarks: Soil moist in upper 60 cm. Incipient to moderate Fe varnish on the bottoms of quartz and granite stones at
surface. Phaneritic felsics are highly weathered and friable. Cox1 slightly enriched in fines. No stratification.
Alluvium is from adjacent wash.

Coxl

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

Cox2 10-60+ cm. Light brown (7.5YR 6/4) very gravelly coarse sand, strong brown (7.5YR 4/6)
moist; single grain; loose (moist), non sticky and nonplastic (wet); noneffervescent.
Alluvium
Pale brown (10YR 6/3) gravelly coarse sand, brown to dark brown (10YR 4/3)
moist; single grain; loose (moist), nonsticky and nonplastic (wet); no effervescence.

Soil No. : 2
Alluvial Surface: Yala
Classification: Torrifluvent
Location: Pinal County, Arizona; SW 1/4, SW 1/4, Sec. 2, T. 5 S., R. 6 E.
Physiographic Position: Young alluvial fan below relict fan and ca. 70 m upslope from exposed pediment (Sacaton
Mts.); elevation 513 m.
Topography: Bar and swale of alluvial fan; 1-2% slope; Waspect.
Vegetation: Creosote (Larrea); cholla (Opuntia); assorted desert grasses.
Sampled by: Gary Huckleberry, February 17, 1992.
Remarks: Soil pit on grassy interfluve. Soil moist to 55 cm depth. No stratification. No varnish on the bottom sides
of surface stones.

Coxl

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

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

zr

Soil No.: 3
Alluvial Surface: Ma1 p
Classification: Paleargid
Location: Pinal County, Arizona; SE 114, SE 114, SE 114, Sec. 3, T. 5 S., R. 6 E.
Physiographic Position: Concealed pediment 0 next to Sacaton Mts.; elevation 498 m.
Topography: Interfluve; 1-2% slope; WNW aspect.
Vegetation: Creosote (Larrea); cholla (Opuntia); saguarro (Cereus); Ocotillo (Fouqueria) assorted desert grasses.
Sampled by: Gary Huckleberry, February 17, 1992.
Remarks: Angular granitic gravels and cobbles cover 20-60% of surface, but not a tightly-packed pavement. There
is a 0.5 cm silt cap overlying the Bt horizon. Incomplete exposure of profile due to petrocalcic horizon.

Bt

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

Btk

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

Bkm

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

2

Soil No.: 4
Alluvial Surface: Yalbp
Classification: Paleorthid
Location: Pinal County, Arizona; NW 114, NE 114, SW 114, Sec. 32, T. 4 S., R. 6 E.; ca. 35 m SE of the SE
corner of a borrow pit.
Physiographic Position: Concealed pediment next to Sacaton Mts.; elevation 435 m.
Topography: Broad alluvial (l %) slope; N aspect.
Vegetation: Creosote (Larrea); Palo Verde (Cercidium); assorted desert grasses.
Sampled by: Gary Huckleberry, February 17, 1992.
Remarks: Borrow pit indicates that granite is ca. 1-1.5 m deep. Soil moist to 50 cm depth. Ghost stone of granite at
43 cm depth. Few gravels or cobbles at surface. No varnish. Abundant algal crusts. Platy structure in Bkl
is likely due to cattle trampling.

Bkl

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

Bk2

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

2Bkl

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

2Bk2 33-58 cm. Pink (7.5YR 7/4) loamy coarse sand, pink (7.5YR7/4) with common, fine,
distinct pinkish white (7.5YR 8/2) mottles moist; massive; loose (moist); slightly sticky
and slightly plastic (wet); extremely violent effervescence (Stage II carbonate); abrupt
smooth boundary.
2Bkrn 58-60+ cm. Pinkish white (7.5YR 812), pinkish gray (7.5YR 7/2) moist; massive;
extremely violent effervescence (Stage IV carbonate).

2

Soil No.: 5
Alluvial Surface: Ma2
Classification: Haplargid
Location: Pinal County, Arizona; SW 114, SW 114, SW 114, Sec. 6, T. 4 S., R. 7 E.; alluvial fan upslope from
Olberg
Physiographic Position: Disected alluvial fan deposits, SW slope, Santan Mts.; elevation 402 m.
Topography: Broad alluvial (1%) slope; SWaspect.
Vegetation: Creosote (Larrea); palo verde (Cercidium); ironwood (Olneya); assorted desert grasses.
Sampled by: Gary Huckleberry, February 17, 1992.
Remarks: Adjacent to scarp offan terrace above an incised meander bend of a wash. Moderately developed desert
pavement. Light Fe varnish on bottoms of stones; tops are moderately Mn varnished. Mixed parent material
(both felsics and mafics). Although some stones at surface have discontinuous carbonate rinds, carbonates are
not visible within the soil profile.

Btkl

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

Btk2

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

Bk

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

Soil No.: 6
Alluvial Surface: Ma2p
Classification: Paleorthid
Location: Pinal County, Arizona; SE 114, SE 114, NE 114, Sec. 19, T. 4 S., R. 8 E.
Physiographic Position: Middle portion of alluvial fan below Twin Buttes; elevation 426 m.
Topography: Broad interfluve; 1-2% slope; SSE aspect.
Vegetation: Creosote (Larrea); assorted desert grasses.
Sampled by: Gary Huckleberry, February 27, 1992.
Remarks: Incipient to moderate pavement. None to incipient Fe varnish; variable Mn varnish. Clay skins or textural
changes with depth are not apparent. Top of profile contains a 1 cm layer of gravelly silty loam.

Bkl

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

Bk2

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

Bkm

40-43+ cm. Very pale brown (lOYR 7/3) gravelly loamy coarse sand with many, medium,
distinct; white (lOYR 8/2) mottles; light brown (7.5YR6/4)with white (lOYR 812)mottles
(moist); massive; hard (dry), nonsticky and nonplastic (wet); violently effervescent (Stage
III+ carbonates).

Soil No.: 7
Alluvial Surface: Yala
Classification: Calciorthid
Location: Pinal County, Arizona; NE 114, SE 114, SE 114, Sec. 19, T. 4 S., R. 8 E.
Physiographic Position: Distal portion of alluvial fan below Twin Buttes; elevation 419 m.
Topography: Flat alluvial slope; 1% slope; SSE aspect.
Vegetation: Creosote (Larrea); assorted desert grasses; acacia (Acacia).
Sampled by: Gary Huckleberry, February 27, 1992.
Remarks: This is an area of distributary drainage below the higher interfluves of the mid-fan. One small drainage
(1 m across channel) is 15 m away from soil profile and is the source for the alluvium sample. Parent
material is granite, rhyolite, and schist. No stratigraphy or carbonates visible. No pavement, no varnish,
and few cobbles at surface. In contrast to the parent alluvium, this soil is oxidized.

Bkl

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

Bk2

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

Alluvium:

Light brownish gray (lOYR 6/2) coarse sand.

Soil No.: 8
Alluvial Surface: 0';1
Classification: Paleargid
Location: Pinal County, Arizona; NW 114, SE 114, SW 114, Sec. 9, T. 4 S., R. 7 E.
Physiographic Position: Broad interfluve of disected alluvial fan above Granite Knob, below Yellow Peak;
elevation 419 m.
Topography: Gentle alluvial slope; 1-2% slope; SSW aspect.
Vegetation: Creosote (Larrea); bursage (Franseria); saguarro (Cereus); assorted desert grasses.
Sampled by: Gary Huckleberry, March 11, 1992.
Remarks: Moderate varnish development; ca. 75% of surface covered with desert pavement. Parent material is
derived from granite, rhyolite, and schist. Cobbles in Bkm are fractured by carbonates. Incomplete
exposure of profile due to petrocalcic horizon.

A

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

Bt

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

Bkm

10-25+ cm. Pink to pinkish gray (7.5YR 7/3) very gravelly coarse loamy sand, pink to
light brown (7.5YR 6.5/4); massive; firm (moist), nonsticky and nonplastic (wet); violently
effervescent (Stage III+ carbonates).
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