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ABSTRACT

Post-Miocene fluvial and lacustrine units coristi-

tute the valley fill of the San Pedro Valley, near Red-

ington, Arizona. These sediments are relatively flat

lying units deposited on older, deformed sediments, fault

blocks of Tertiary volcanics, and erosion surfaces on

Precambrian crystalline rocks. The sedimentary sequence

is composed of silts, inudstone, sands, gravels, limestone,

gypsum, diatomite, and pyroclastic units. Previous in-

vestigations have designated these lithologies one unit,

the Gila Conglomerate.

A recent study in the Mammoth area (Heindi, 1963)

subdivided the Gila Conglomerate into the Quiburis for-

mation, Sacaton formation and Pleistocene to Recent al-

luvial deposits. In the present study, this nomenclature

was utilized, with a proposed subdivision of the Quiburis

formation. Detailed mapping of the lithologic units

indicate a lateral facies change within the Quiburis for-

mation0 The conglomeritic member of the Quiburis forma-

tion interfingers with a central, fine-grained member,

and the names Tres Alasnos, and Redington are proposed for

these units.

x
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The age of the Quiburis formation is based on its

stratigraphic position, and vertebrate fossils. The Qul-

buns ovenlies tilted sediments containing Miocene fauna,

and its upper portions contain fauna which have been

assigned a middle to late Pliocene Age. The Sacaton for-

mation was deposited on an erosion surface in the Quiburis

in late Pliobene to early Pleistocene time; it was then

entrenched and local, middle to late Pleistocene lacustnine

units were deposited in the drainage pattern. Fresh water

mollusks, horse and mammoth remains are present in the

lacusbnine units.

The Pleistocene lacustrine units were truncated

by late Pleistocene terraces, and degradation proceeded

to approximately 80 feet below the present floodplain.

Aggradation occurred, to a level above the present flood-

plain, as attested by prehistoric hearths buried in river

sediments, above the present stream gradient. Since 1880

the San Pedro River has begun another period of down-

cutting.

The sedimentary deposits control the movement of

ground water in the valley. Two hydrologic systems are

present; a shallow water table system in the floodplain

and river channel area, and an artesian system at 630-

1,200 feet below the valley floor in the northern portion



xii

of the study area. It is believed that deformed, pre-

Tvliocene sedinentary units provide the source of recharge

to the artesian system.

Detailed mapping of the sedimentary units reveals

a meandering central trough of the ancestoral San Pedro

River. The contact between the Redington and Tres Alamos

members of the Quiburis formation indicate the meander

pattern, and its control by bedrock outcrop.

Structural activity continued through Pliocene

time, and is represented by north trending normal faults.

r'ljnor slump structures and small reverse faults are

present in the Redington member of the Quiburis formation.

site survey, carried out during the field map-

ping, resulted in the location of nineteen archaeological

sites. The sites range from preceramic Desert Culture

to Salado and probably to later cultures such as the

Apache. Older sites are peripheral to the valley axis,

with more recent sites concentrated along the river. It

appears that geologic-hydrologic factors controlling site

location are: water sources; agricultural or gathering

areas; quarry, or source material sites; and vantage

points.



INTRODUCTION

Purpose and Scope

The fluvial, lacustrine, and pyroclastic deposits

of the San Pedro Valley fill have previously been desig-

nated as a unit of the Gila Conglomerate, or have been

designated as undifferentiated sand, gravel, and silt on

various geologic maps. In his paper on the Cenozoic Geol-

ogy of the Mammoth Area, Heindi (1962) has shown that the

mapping and stratigraphic analysis of' separate alluvial

units led to a revised interpretation of the Cenozoic

geologic history of that portion of the Lower San Pedro

Valley.

The purpose of this investigation is to extend

this type of study from the southern limit of Heindi's

area, near San Manuel, to the vicinity of Redinton,

Arizona. In addition, the relationship of the alluvial

units to the hydrology of the area is not well known.

The determination of the geologic control of the ground

water regimen of this area is important as a guide to

potential ground water development. It is also hoped

that the geologic-hydrologic factors pertaining to the

paleoecologic factors governing the migration routes and

settlement patterns of the prehistoric populations might

1
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be recognized, as a guide to the location of archaeological

sites.

Location and Drainage

The San Pedro Valley lies in a northwest trending

structural trough extending from Mexico to the vicinity of

Winkleman, Arizona where it joins the Gila River. The

valley is approximately 170 miles in length and ranges in

width from about 5 to 30 miles. The elevation of the river

at the international boundary is nearly L1,300 feet, and it

drops to approximately 1,900 feet at the confluence with

the Gila River.

A bedrock constriction at the ttNarrowstt (Sl5, T15S,

R2OE) subdivides the valley in two portions; the Upper and

Lower San Pedro Valleys (Heindi, 1952). The Upper San

Pedro Valley extends from within Mexico to the Narrows,

some 10-12 miles north of Benson, Arizona. The Lower San

Pedro Valley extends from the Narrows northward to the con-

fluence with the Gila. The Lower San Pedro Valley is

approximately. 65 miles in length, 15 to 30 miles in width,

and drains an area of approximately 1,550 square miles

(Heindi, 1952).

The area of investigation of this report lies

approximately L0 airline miles northeast of Tucson,

(figure 1) in the Lower San Pedro Valley. It is bounded



Figure 1. Index map of the study area (shaded).
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on the west by the Santa Catalina Mountains; on the east by

the Galiuro Mountains; on the north by the southern limit

of Heindi's map (1963); and on the south by Redfield and

Buehman Canyons near Redington, Arizona. This area of

study is approximately 270 square miles and lies within

Pinal, Pima, Cochise, and Graham counties; in townships

8-12 south, ranges 16-20 east (figure 1).

The stream flow of the San Pedro River and its

tributaries is intermittent, and flow occurs only during

and after the rainy periods of late summer and winter.

Land. forms

The study area is a portion of a structural depres-

sion typical of the Basin and Range physiographic province.

The Lower San Pedro Valley has an average stream gradient

of approximately 18 feet per mile between the Narrows and

Redington; from Redington to the Gila River the gradient

is about 22 feet per mile (Heindi, 1952).

The present river channel is entrenched nearly 200

feet below the adjacent alluvial surfaces. Terrace levels

border the river and extend to varying distances into the

major tributaries. The uppermost erosion surface of the

valley fill, preserved on the flanks of the valley, and in

scattered remnants nearer the river, has been called the

Tombstone pediment (Heindl, 1963; Bryan, 1926), and the



next lower major surface of erosion is the Whetstone pedi.-

ment. At the mountain blocks, alluvial fans and bajadas

extend from the major tributaries, and grade into the

Tombstone Pediment.

Within the study area, the western flank of the

valley is less steep than the eastern flank. The width of

the western flank ranges from 9 to 12 miles, whereas the

eastern flank is 7 to 9 miles wide. The gradients of the

valley flanks are therefore different, with an approximate

range of 3.8 to 5.5 per cent on the west, vs. 5.5 to 6.5

per cent on the east flank.

Previous Work

Previous investigations of this portion of the San

Pedro Valley consisted of four types: 1) reconflaiSance,

2) physiographic, 3) stratigraphic-paleontolOgic, and

Li.) mineral investigations.

ReconflaiSaflce investigations began with Blake

(1902) and Fairbanks (1903). Blake's (1902a) observations

led him to infer a lake like sheet of water which filled

the great portion of this valley in late Tertiary or

Quaternary time. He then interpreted this body of water

as an arm of the Tertiary sea, on the basis of "marine"

diatoms in the vicinity of Mammoth. Fairbanks accepted

this interpretation and went on to state this, "could

5



have been none other than the northern and eastern exten-

sion of the Gulf of California." Both authors called on

epeirogenic uplift since Miocene time.

Blake (1902b) then modified his interpretation

to, "a lake or estuary of quiet water," on the evidence

of diatom identification. By 1903, he published data

suggesting most of the diatoms were fresh water, but one

specimen was "decidedly marine," though having also been

found in brackish water swamps in Australia.

Bryan (1926), discussing the San Pedro Valley,

concluded the "Gila Conglomerate" was "accumulated under

arid conditions in enclosed or partly enclosed valleys.

The conglomerate (fanglomerate) of the typical fades

encircles unconsolidated fine grain deposits laid down in

the central areas of the original valleys." He defined

three wide spread erosion surfaces or "pediments," within

the valley. The most recent reconnaisance work in the

area is in the form of a geologic map by Creasey, Jackson,

and Gulbranclsen (1961).

Physiographic studies, reconnaisance in part,

again include Bryan (1926), Davis and Brooks (1930), and

more recently Tuan (1959, 1962) and Melton (1960, 1965).

These latter investigators are principally interested in

the geomorphology of the valley fill. Davis and Brooks

attributed the Galiuro Mountains to block faulting with

6
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the down-faulted, adjacent basins receiving a great volume

of detritus. They further poseulated a series of local,

shallow playas or salt lake basins, possibly separated by

large fans, in which the gypsum deposits were formed.

They also suggested the "marine" diatoms may have origi-

nated in a saline, inland playa. They suggested saline

lakes similar to those which are in Sulphur Springs valley

at present.

Tuan and Malton discussed the landforms, erosion

surfaces, and downcutting with reference to combined

structural movement, and Pleistocene climate. Their work

will be discussed in more detail later in this paper.

Paleontological studies received their first major

coflt]'ibUtiOflS from Gidley (1922, 1926). Gazin (19142) was

concerned with the Pliocene fauna near Benson. More

recently, Lance (1960, 1963) reported fossil localities

within, and to the south of the study area.

An attempt at a regional synthesis was made by

Knetchel (1936), based on stratigraphic investigations.

Following World War II, expanded interest in Cenozoic

stratigraphy and potential ground water reserves promoted

more detailed investigations. Heindi (1952) described the

Lower San Pedro Basin and its ground water relationships

to the stratigraphic units. This was followed in 1963 by

a more detailed analysis of the Mammoth area, directly
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north of the area of this investigation. As a consequence

of that work, Page (1963) studied the ground water regimen

of the inner valley, in the Mammoth area. In the same

year, Montgomery (1963) produced a thesis on the valley

fill of the San Pedro in the vicinity of Benson-Cascabel,

some twelve miles to the south of the area of this report.

Gray (1965) produced a similar work in a dissertation on

the St. David area, just south of Benson. Smith (1967)

made a detailed study of stratigraphy and paleontology

of a small area near Redington; a part of the area covered

by the present report. Other contributions to the pre-

Cenozoic stratigraphy in or near the study area are those

of Chew (1952), Wright (1964), McKenna (1965), and

Broderick (1967).

Mineral investigations center primarily in the

region of the San Manuel-Tiger Mines and the Sombrero

Butte mining area. The geology of the San Manuel-Tiger

area has been discussed by Peterson (1938), Steele and

Hubley (1947), Creasey (1950, 1965), Schwartz (1953),
Wilson (1957, 1960), and Pelletier (1957). The Sombrero

Butte, area (Bunker Hill Mining District) has been

discussed by Kuhn (1938, 1940, 1941, 1951), Higgins (1911),

Martin (1910), Pickard (1912), and Sibley (1909).

These areas lie to the north of the investigation

of this report, but refer to the "Gila" conglomerate,



METHODOLOGY

Geologic Mapping

The detailed geologic mapping was done with the

aid of aerial photographs flown for the USDA Soil Conser-

vation Service: Strip 21:DXH San Pedro River, 1955, at a

scale of 1:20,000. rjlhe data from individual photos were

transferred to a photo mosaic compiled from 1938 photos,

at a scale of 1:31,250. These data were then transposed

to a base map by means of acetate overlays. The base map

is a 2X enlargement of the standard U. S. Geological

Survey 15' quadrangles (Bellota Ranch, 1957; Redington,

1957; Galiuro, l9Li8; and Mammoth, 19L1.8) at a scale of two

inches to the mile, or 1:31,250.

Well Logs and Water Level Data

All pertinenb well logs, from the files of the

U. S. Geological Survey, Ground Water Branch, were

utilized to obtain information on the subsurface lithology

and the relationship to the surface geology and the

hydrology of the area. The accessible wells in the cen-

tral portion of the study area were measured, and a water

table map was prepared on a U. S. Geological Survey base

map of 1:62,500 scale. The well numbers follow the

9



system used by the U. S. Geological Survey (figure 2).

Selected well logs appear in the Appendix.

Stratigraphic Sections

Standard stratigraphic procedure was used in the
measurement of five stratigraphic sections (plate III).

An east-west cross section was compiled across the study

area (plate II). In order to standardize the stratigraphic

data, a U. S. Geological Survey stratigraphic notation

form was adopted. The Geological Society of America Rock

Color Chart (1951) was used for color descriptions of the

individual units.

Elevations of wells, stratigraphic sections,

terrace levels, etc., were obtained from U. S. Geological

Survey and field data, and the use of an altimeter, using

single base altimeter procedure, checked against standard

bench marks.

10
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GEOLOGY

General Statement

The rocks exposed within the study area range in

age from Precambrian to Recent. The basement rocks of the

valley, upon which the Upper-Tertiary and Quaternary rocks

are deposited, consist of Precambrian and younger igneous

and metamorphic rocks, Tertiary volcanics and deformed

upper-Precambrian to middle-Tertiary sedimentary rocks.

Previously, the Cenozoic valley fill, of this and

other drainages of the southeastern portion of Arizona,

has been referred to as the Gila Conglomerate (Gilbert,

1875; Ransome, 1919; Bryan, 1926; Knetchel, 1936; Peterson,

1938; Steele and Rubley, l9Li7; Creasey, 1950, 1965;

Schwartz, 1953; Pelletier, 1957; Wilson, 1957, 1960; Tuan,

1959).

Heindi (l95, 1958, 1963) proposed the abandonment

of the term "Gila Conglomerate" due to its inherent sug-

gestion of an oversimplification of the complex history

and individuality of separate basins. He suggested the

adoption of "Gila" as a group status which would include:

...deposits derived from uplifted ranges that
partly filled the depressed areas between them
as a result of the most recent structural de-
forination...depositS in depositional or normal

12



fault contact with the bedrock in adjacent moun-
tains and presents a nearly continuous arra-
dational sequence.. .all deposits younger than
the middle-Tertiary volcanic rocks and older
than the 1ate-uaternary deposits. (Heindi,
1963)

The present study confirms that the valley fill of
the Lower San Pedro is not a simple conglomeritic entity,

but a complex of varied lithologies, having a complicated

geologic history.

Pre-Valley Fill Rocks

The Precambrian rocks are exposed within the Cata-

lina Mountain mass, as well as on its eastern flank. The

Oracle granite (quartz monzonite; Schwartz, 1953; Banerjee,

1957; Peterson, 1938) and related metamorphic rocks make up

the bulk of the exposed Precambrian rocks. The Younger

Precambrian Apache Group, a sequence of sedimentary units,

is exposed in the eastern margin of the Catalinas.

Paleozoic and Mesozoic sedimentary units are undif-

ferentiated for this report, and are shown as one unit on

the geologic map (plate I). In general, these rocks are

composed of a series of limestones, dolomite, siltstone,

shale, sandstone, quartzite and conglomerate. They are

exposed along the western margin of the study area, in the

flanks of the Catalina Mountains, and in a large fault

block trending northward from Buehman Canyon, on the south-

ern limit of the mapped area. A continuation of this

13
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exposure is noted in the Black Hills of township 10 south,

ranges 17 and 18 east.

Flanking the valley to the east is the Galiuro

Mountain mass, composed primarily of basalt, rhyolite, ag-

glomerate, tuff, andesite, and. related volcanics. These

rocks have been assigned a mid-Tertiary age (Heindi, 196:3).

These units, rhyolite in particular, were found. exposed

through the valley fill (plate I) for several miles west of

the fault scarp front of this mountain range.

In addition to the lithologic units described

above, there are intrusives of various ages in the pre-

Pliocene rocks. The composition of the intrusives ranges

from diabase, diorite, and andesite, to aplite. Most of

the intrusive units occur in the Oracle granite, with the

exception of the diorite, which is shown as a separate

lithology on the geologic map (plate I). No post-Pliocene

intrusives were noted in the process of field mapping.

Valley Fill Units

The valley fill units of the San Pedro 7alley fall

into two general categories: 1) an older sequence of

conglomerates, sandstones and mudstones which have been

"deformed't by tilting, faulting, and thrusting: and 2) a

younger, relatively undisturbed sequence of similar

lithology.
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The alluvial units of the Lower San Pedro Valley

are predominantly upper Tertiary in age. In the Minetta

Ridge area, approximately six miles south of the limit of

this report, Chew (1952) describes a deformed sedimentary

unit which has been assigned a Miocene age on the basis

of the enclosed fauna (Lance, 1960).

The San Manuel formation as defined by Heindl

(1963), is also a deformed fill unit, assigned a middle

Tertiary age, "...probably encompassing parts of both

Miocene and Pliocene time.'t This unit is exposed only in

the northwestern portion of the study area, along Smelter

Wash in sections 23, 2L, 26, 27, 3L1., and 35 of township

9 south, range 16 east. As exposed, it consists of a red-

dish brown pebble to boulder conglomerate, primarily com-

posed of the Precambrian quartz monzonite (Oracle granite).

In the mapped areas of outcrop of this report, attitude of

the beds is approximately N3OW, dipping 9 degrees east.

To the south of the mapped area of exposure, the

San Manuel formation is either not present, or is covered

by "granite wash" and the Tres Alamos member of the

Quiburis formation.

Heindl (1963) includes the San Manuel formation as

a member of the Gila group, although it is deformed and

apparently pre-dates the present structural trough. I

raise no objection to its placement within the Gila group,



on the grounds by which it was included, but I exclude it

from the "valley fill" units described below.

For the purpose of this report, the post-Miocene

sedimentary units shall be referred to as the "valley

fill." To be sure, the Miocene and earlier sedimentary

units such as the Minetta beds (Chew, 1952) and San Manuel

formation (Heindl, 1963) were derived from the nearby

mountains and deposited in the area but have since been

highly tilted and faulted during the structural events

which created the present San Pedro Valley, in which the

upper Tertiary and Quaternai'y sediments were deposited.

The Miocene and older rocks are, in general, more indu-

rated than the post-Miocene units.

uiburiS Formation

The QuibUl'IS formation is the most extensively

exposed unit of the valley fill deposits along this

portion of the San Pedro River. The formation name was

suggested by Blake (1902) and adopted by Heindl (1963) as

part of his Gila Group. Heindi states (p. E21) that the

format ion:

includes two units which are not mapped sepa-

rately. The lower unit includes the fine-

grained deposits exposed in the center of the
valley and the coarser deposits into which

they grade laterally. The upper unit of the
QuiburiS formation is recognized only on the

16



east side of the valley and is composed of
conglomerate that disconformably overlies
the lower unft.

Smith (1966), mapping the west side of the valley,

near Redington, defines an upper Quiburis: "coarse, semi-

consolidated gravel and sand," overlying the fine grained

lower member, and having a maximum thickness of 268 feet.

In my opinion, the Quiburis does consist of two

members, but they occur as lateral facies rather than as

separate stratigraphic units in vertical succession. The

lateral gradation can be observed in nearly every wash

within the study area. Fine-graineci deposits of the

central valley interfinger with coarser deposits toward

the mountain front. t the location of the short dashed

contact line (plate I), the coarse conglomeritic unit of

the Quiburis can be observed to interfinger with the fine

grained material and in a short lateral distance, the

transition from fine-grained facies to coarse-grained

fades is accomplished.

For this report, I suggest that the coarse-grained

unit has a great deal of similarity to the Tres Alamos

formation as described by Montgomery (1963), and I define

this unit as the Tres Alamos member of the Quiburis

formation.

17
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The fine rained fades equivalent of the Tres

Alamos member is herein described as the Redington member of'

this formation, due to ehe extensive exposures of this unit

in the central portion of the valley, north of Redington.

In the study area, the Quiburis consists of'

fluvial deposits varying in composition from mudstone,

siltstone, sandstone to granule and boulder conglomerate

with local units of gypsum, tuff, limestone, chert, and

diatomite. The majority of the aggradational material has

been derived from the adjacent mountain masses, and from

northerly transport of' material from the upper reaches of

the drainage system.

Redington Member

The fine-grained units of the valley fill are

commonly referred to as "lake beds" (Blake, 1902) or

lacustrine deposits (Melton, 1965). The units are

composed of reddish brown to pink mudstone and siltstone

with gypsum, tuff, diatomaceous earth, and occasional

sandy and conglomeritic units.

Marlow, (1961) suggests the lacustrine units of

the Safford Basin were laid down in shallow, slightly

saline, lacustrine conditions with occasional very slug-

gish movements of water through the valleys. This is in

accord with the material mapped in this investigation,
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though there is no implication that these deposits were

connected to those of the Safford Basin.

Nelton (1965) discusses the causes of' deposition

and concludes that mid-Miocene to mid-Pliocene volcanic

activity dammed the existing drainage. Upon cessation of

vulcanism, the elevated base levels of the blocked drain-

ages allowed downcutting of the dam area, and this

extended headward in all affected river systems.

In general, the deposits are flat lying, or dip

at less than five degrees, except in areas of recent fault-

ing, slumping, or compaction. Heindl (1963) suggests that

the sediments were deposited in a central north trending

shallow syncline. The total thickness of the Hedington

member, as inferred from well logs in conjunction with

surface exposures, is approximately 1,700 feet in the

center of the valley. Near faults extending through the

Quiburis, the dips are locally as much as nine degrees.

In the areas where this unit lapped on, and over the base-

ment rocks, the dips vary from 4 to 6 degrees, and are

probably a result of both initial dip and compaction

(figure 3).
In the Redinton area, there are local exposures

of a red conglomerate along the entire eastern flank of

the fault block of pre-Cenozoic sediments. This con-

glomerate is composed of angular fragments of the



Figure 3, An unconformable contact of the
Pliocene Quiburis formation and Paleozoic-
Mesozoic sediments,

This exposure is just north of Redington, show-
ing the flat lying Redington member of the Qut-
buns formation lapped onto the older deformed
sediments

20
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component sedimentary material of the fault block, and.

represents the accumulation of detritus during an erosion

period following the faulting, and prior to the deposition

of the Quiburis.

The Redington member is more pink (5YR7/2) in the

lower part of the section, which also contain greater

amounts of gypsum, and in the upper part of the section,

the beds become lighter in color, grading to very pale

orange (1OYR8/2) and greenish yellow (10Y8/2). The upper,

light colored beds also contain more pyroclastics

(figure Lij); these are also the units which contain the

described fossil localities in this portion of the valley.

Included within the section are occasional thin

beds of green clay, chert, and opaline material. It is

inferred that the opaline material and. chert beds are the

result of the alteration and. reconstitution of an original

highly siliceous tuff or siltstone. Blake (1902), in

discussing the diatom-earth of Arizona, states:

In the upper portion of a part of the Ari-
zona deposit there is a siliceous layer of light
olive-green opaline silica, very compact and.
dense, occurring in the midst of the white earth
very much as flint occurs in chalk. It is nod-
ular in form, and. very irregular in its thick-
ness. Upon ignition at a red heat, it gives off
water and loses 5.7 per cent of its weight.
Specific gravity, 2.08. It breaks with a con-
choidal fracture, and is translucent on the thin
edges. Before the blowpipe it blackens, and
gives off an empyreumatic bituminous or smoky



Figure Li., A tuff bed within the Redington member
of the Quiburis formation.,

The thickness and purity of this bed, (located in
Gust James Wash), suggests its use as a marker
horizon.
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odor, indicative of organic matter. It decrep-
itates explosively, and, when heated to redness
with access of air, gradually assumes a red
color, due, no doubt, to the oxidation of the
ferrous to ferric iron.

In the northern portion of the study area, diatorna-

ceous deposits occur, giving a chalky white appearance to

the exposures. Blake (1902, 1903) discusses the diatoma-

ceous earth of the San Pedro Valley, including the only

published list of species of diatoms present.

As the result of dissection, the Redington member

of the Quiburis displays a badlands topography, with

nearly sheer cliffs where capped by resistant gravel

deposits, and rounded slopes with varying degrees of dis-

section where the cover has been lost.

Descriptions of representative stratigraphic

sections occur in the appendix.

Tres Alamos Member

The coarse-grained equivalent of the Redington

member ranges from sand to boulder conglomerate, it

becomes more coarse-grained near the mountain masses

(figure 5). As previously mentioned, the unit can be

observed to interfinger with the Redington member up

gradient in the tributary washes. Perhaps the best

exposure exhibiting this relationship is located in

520, P98, R18E.

23



FIgure 5. A typical section of the
Tres Alamos member of the Quiburis
format Ion.

The exposure is near Sheep Camp on
Bollen Wash.

2L1.
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The composition of the detrital material directly

reflects its origin in the adjacent mountain blocks

(Cooley and Davidson, 1963). The unit on the west side

of the valley is composed of granite, gneiss, schist,

marble, limestone, and conglomerate, plus the various

intrusives that cut the major lithologies of the mountain

blocks. The eastern exposures of this unit directly re-

flect the volcanic rocks of the Galiuro mass, being com-

posed of rhyolite, basalt, andesite, agglomerate and

vitrophyres.

As mapped in the study area, there was no distinc-

tion made between alluvial plain deposits and fanglomer-

ates near the mountains, as they grade both laterally and.

vertically into one another. The only distinction which

was made, is the mapping of the pediment as a separate

lithologic unit. This feature is preserved as remnants

throughout the study area. The remnants appear as ac-

cordant flat topped ridges rising above the present

surface of the valley fill.

Melton (1965) discusses Davis and Stratton Mesas

which are the best examples of these "caps" or "Pediment

caps" (figures 6 and 7) on the west side of the valley,

within the study area. These Mesas and their remnants

nearer the valley cener have a ture, deep re. soil
which indicates a long stable period. since their formation.



Figure 6. The surface of the pediment cap on
Stratton Mesa.
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FIgure 7. The pediment cap of Davis Mesa, and.

post-Sacaton terraces along Edgar Canyon.
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lEn general, these caps consist of boulder gravel with a

1 to 2 degree gradient toward the valley axis.

His interpretation of the mechanisms of formation

of such a "pediment" calls for climatic fluctuation as the

cause of the formation of as many as 4 to 6 levels of such

surfaces. It appears to me that the "levels" described,

at least for this portion of the San Pedro Valley are the

remnants of the original dissected surface which extended

across the valley at one time. They are in part due to

the winnowing out of the fine materials, leaving a resid-

ual boulder conglomerate "cap."

There is field evidence that the Tres Alamos

member does gradually transgress toward the valley center.

It can be inferred from the capped remnants of this former

erosion and transportation surface, that it at one time

veneered the fine grained Redington member. The best

evidence of this sort appears along a northeast line south

of the mouth of Kielberg Canyon. The gravel cap on these

elevated exposures of the Hedington member is composed of

larger particles, and is higher in elevation than the

surrounding Sacaton formation, to be discussed later in

this paper.
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Pleistocene Deposits

The Pleistocene deposits consist of the Sacaton

formation, Pleistocene lacustrine deposits as exposed at

Peck Spring and Cerros Negros Wash, and the Pleistocene-

Recent alluvium of the river and major tributaries.

Sacaton Formation: The Sacaton formation was

assigned a Pleistocene age (Heindi, 1963) by correlation

with beds in the Benson area and their relationship with

the Whetstone pediment surface. As exposed in the study

area, the Sacaton is older than the middle to late

Pleistocene lacustrine units which formed in drainage pat-

terns cut through the Sacaton into the Quiburis. As it

is stratigraphically above the mid-Pliocene Quiburis and

was entrenched before the deposition of Pleistocene

lacustrine units, its age must be at least as old as late

Pliocene or early Pleistocene.

In the study area, the Sacaton is present as

erosional remnants of a once wide spread, nearly contin-

uous sheet of gravel of varying thickness. It occupies

the tops of most of the ridges within the dissected area

of the Quiburis (figure 8).

The best single exposure of the Sacaton is in the

south wall of Kielberg Canyon (figure 9), where an impres-

sive section of this unit is exposed in vertical cliffs

and is nearly continuous for almost a mile in lateral



Figure 8, An erosional contact of the Sacaton
formation,

This exposure is of the Sacaton-Redington member
of the Quiburis formation, as exposed in Clark

Wash,
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exposure. At this section, the conglomerate thickens to

approximately 150 feet from a feather edge on the eastern

limit, and thins to a feather edge on the west against

a remnant of the pediment cap on the Quiburis (plate II).

The erosional contact with the Quiburis is plainly evident

in this exposure. It appears the Sacaon was present as

a channel fill deposit on both the east and west of this

stislandvt of pediment cap.

In the outcrops within the study area, the

Sacaton forms a gray to reddish gray gravel cap and "slope

armor'1 of gravel covering siltstone and mudstone in dis-

sected areas. In composition, it reflects the mountain

masses from which it is derived. To the west, the compo-

sition is primarily quartzite, conglomerate, gneiss, dio-

rite, and schist; on the eastern flanks of the valley

rhyolite, andesite, basalt, agglomerate, tuf'f, basalt, and

obsidian make up the majority of rock types. As one

approaches the valley axis, there is a mixture of both

types of material, which extends to the west of the present

river course. Prom the similarity of composition, as well

as the stratigraphic position and slope armor positions,

it is apparent that the Sacaton was the parent of most of

the gravel for the lower terrace levels preserved along

the river and major washes.



Figure 9. The Sacaton formation, as exposed in

Kielberg Canyon.

The erosional contact of the Sacaton formation and
the Redington member of the Quiburis formation, as
exposed in the south wall of Kielberg Canyon.
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In the San Manuel region, in the northwest portion

of the study area, the Sacaton is either not present, or

is buried, or becomes a "granite wash" fades. In this

region, the surface fill material is predominantly quartz

and pink feldspar derived from the Oracle granite to the

west. The surface profile in this region is slightly

convex, with small exposures of terrace gravel and Quiburis

present only near the river.

An analysis of Smith's map (1967) shows that he

included younger terrace gravels, as well as older "pedi-

ment cap gravels" within his Sacaton unit. The map of this

report (plate I) attempts to separate these units.

Pleistocene Lacustrine Units

The Pleistocene lake beds consist of two local

deposits on the western flank of the valley. The southern-

most locality occurs at Peck Spring, and is referred to, in

this report, as the Peck Spring deposits. The other local-

ity is southwest of the Black Hills, and northeast of Alder

Wash; these beds are herein referred to as the Cerros

Negros beds.

The deposits are a distinctive white color, in

contrast with the pinkish Redington and Tres Alainos units

of the Quiburis, and the gray to red of the Sacaton f or-

mation. The beds are a sequence of basal conglomerate,
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siltstone, mudstone, and. fresh water limestone deposited

in local lakes impounded in pre-existing drainages

(figures 10, 11). The beds are horizontal and appear to

have been little disturbed except for the erosional down-

cutting and degradation, which may be due to the present

arroyo cutting cycle.

Fresh water mollusk shells are present throughout

the section, as are the teeth and bones of middle to late

Pleistocene vertebrates. At the Cerros Negros locality,

the presence of a terrace level 32 feet above the lime-

stone suggests a wave gut bench, indicating the height of

stand In this lake.

There is evidence that indicates spring flow was

the source of much of the impounded water in both locali-

ties. There is still an active spring at the Peck Spring

locality, and two carbonaceous deposits which appear to be

associated with extinct spring conduits occur at the

CerroS Negros locality. These springs will be discussed

in greater detail later in this paper.

In each deposit, there is no longer any evidence

of the cause of the impoundment, as younger terrace

gravels truncate the eastern end of the deposits. It is

a possibility that bank caving in the fine grained

Redington unit of the QuiburiS formation may have caused

a dam behind which the lake was built up. Honeycomb



Figure 10, The stratigraphic sec-
tion of Pleistocene lacustrine units
exposed in Cerros Negros wash.

The basal conglomerate of the section
is exposed at the knee of the figure,

35



Figure 11, Pleistocene lacustrine units on an
erosion surface in the Quiburis formation.

The basal conglomerate of the Pleistocene section
is exposed above the left foot of the figure;
Cerros Negros locality4
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Canyon, on the east side of the San Pedro river (318,19,

T93, R18E), gives evidence of slump and fall structures of

sufficient magnitude to dam the wash.

The stratigraphic position and the mapped areal

extent of the remnants of the lake beds show them to have

been deposited in pre-existing drainage patterns which were

essentially the same as those of the present. This indi-

cates that the present drainage pattern was formed in

post-Sacaton but pre-late Pleistocene time.

The deposition of the Pleistocene lake beds on an

erosion surface in the Quiburis formation represents a

hiatus of at least late Pliocene to middle or late

Pleistocene.

The presence of the Sacaton formation and exposures

of topographically higher sections of the Quiburis in the

walls of the washes on either side of the deposits gives

further evidence that these deposits were emplaced in an

erosional drainage system.

The presence of possible spring conduits at the

Cerros Negros location and the active spring at the Peck

Spring locality suggest a combination of reasons for the

origin of these deposiS. Structure is not directly

evident, but it is suggested in the presence of the

intrusive dike at the Cerros Negros area. It is possible

that buried faults may also be influential in the origin



of the springs. Both localities approximate the contact

of the conglomeritic Tres Alamos with the fine grained

Redington member of the Quiburis.

Pleistocene and Recent Alluvium

The Pleistocene and Recent alluvium is exposed in

the channel and. flood plains of the San Pedro River and

its major tributaries. For the most part, it consists of

gravels, sand, silt, and some mudstones. At present,

banks of alluvium from 10 to 30 feet in height stand above

the river bed.

Detailed stratigraphy was studied in S5, T103,

R18E. A tributary wash exposed a section of alluvium

containing at least three levels of aboriginal hearths.

A mano collected from a hearth in the middle layer indi-

cated it to be at least as old as Cochise Culture in age,

(ca. 7,000 to 2,000 B. P.).

The presence of terrace levels approximately 70

to 200 feet above the present flood plain attest to prior

periods of relative stability followed by renewed degrada-

tion. The terrace deposits consist primarily of reworked

Sacaton gravels fed to the river and washes by erosion of

that unit. In all cases, the post-Sacaton terrace gravels

are emplaced on erosional contacts with the underlying

Quiburis formation, and. serve as a mask of varying thick-

ness for this unit, (figure 13).
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Well logs indicate the presence of Pleistocene and

Recent alluvium to depths of 40 to 80 feet below the

present level of the river bed. This indicates a prior

degradation and aggradation. From the preceding data, it

appears that another period of downcutting is in progress,

at least since approximately 1880 (Antevs, 1952).

Paleontology

As previously mentioned, vertebrate paleontology

played an important role in the earlier investigations of

the San Pedro Jalley (Gidley, 1922, 1926; Gazin, 1942).

The only published works within the area of study are those

of Lance (1960, 1963) and Smith (1967).

Previous paleontological investigations have been

carried out in three localities within the study area:

Bingham Canyon, Edgar Canyon, and Camel Canyon. The fauna

from these localities have been identified as middle

Pliocene in age (Lance, 1960, 1963; Smith, 1967).

The discovery of beds containing fresh water

snails in association with mammoth and horse tooth frag-

ments, as well as exposed large long bones, prompted a

more serious investigation than could. be done by mapping

alone0

On October 4, 1966, Dr. J. F. Lance accompanied

me to the site and during the investigation, the mandible
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of a rnaiarnoth with two teebh intact was located and

excavated. The mandible was in situ, as a depositional
entity within the basal conglomerate of the i1eistocene
unit at the locality where the overlying carbonates, clays,
and silts had been removed by erosion (figures 12, 14)e
The mandible was broken in three major pieces, apparently

after having lodged against a boulder within the congloin-
erate. The left half of the mandible was the least
covered portion of the discovery, and was tilted slightly
to the right and inward. The right half of the mandible
was lodged against the boulder, and the bone with its
encased tooth was tilted back at approximately 30 degrees.
The mandibular synthesis was between and under the larger

portions of the jaw, but in relative position, as if the
bone had been broken in place as a consequence of depo-

sition, or the combination of hydraulic action and over-
burden.

A horse tooth was found in place in the clay units

above the basal conglomerate (figure 12). The tooth as

well as several surface specimens were tentatively iden-
tified as equus (Lance, personal communication). One

horse tooth was located as a surface find at bhe Peck

Spring locality.
The mammoth remains from the Pleistocene beds of

Cerros Negros Wash are the second known occurance of fossil



Figure 13. Post-Sacaton terraces along the San
Pedro River,

A view across the San Pedro River, south of Sacatori
Ranch: terrace in the immediate foreground; flood-
plain; terrace and Sacaton erosion levels on the
Quiburis formation. Sombrero Butte is on the left,
the Galiuro Mountains on the left,

L.2



Figure iLl. Mammoth teeth in the
Pleistocene lacustrine beds,

Ll3



fauna younger than Pliocene in the San Pedro Valley, north

of Benson. The remains establish a middle to late Pleis-

tocene age for the lacustrine deposits whose stratigraphic

position shows they were deposited in a pre-existing drain-

age system which parallels the present drainage. The

deposits indicate a hiatus of at least middle to late Ph-

ocene to middle to late Pleistocene.

Structure

The Lower San Pedro Valley is a large, northwest

trending structural depression; bounded on the west by the

granitic Santa Catalina Mountain mass, and on the east by

the tilted volcanic fault block of the Gahiuro Mountains

(Davis and Brooks, 1930).

Faults are the dominant structural features within

the mapped area. Most of the faulting is normal, and is

of two ages: 1) pre-Pliocefle, and 2) post-Phiocene. The

latter group is of minor importance.

The pre-Pliocene faults, such as the Mogul and

Copper Creek, are normal, trend north to northwest, and

dip westerly with the east side upthrown. This set of

faults is the principal cause of the San Pedro structural

depression. These faults have deformed and tilted all

Miocene and older units within the study area. The dip

of beds in the Black Hills, plus the "bedding" of the
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rhyolites in the exposures east of the river, as well as

the exposures of tilted conglomerate on the granite out-

crops, all indicate an average 50 degree dip to the east,

for the units.

From the field evidence, a cross section (plate II)

shows the San Pedro valley to be formed by a series of

roughly parallel, normal faults, rather than a graben

structure as indicated by Heindi, (1963), at least in the

area of this study.

The only fault which has another attitude is in

the northwest corner of the area, in S36, T9S, Rl6E. It

appears that this inferred fault is upthrown on the west

side, with no evidence as to its dip.

The extensions of the San Manuel and Cholla faults,

to the south of the area of Heindi's map (1963), are either

non-existent, or covered by the valley fill, within the

area.

On the aerial photo mosaic, a northwest structural

trend is evidenced by the alignment of the intrusive dia-

base dikes in the Oracle granite. These inferred faults

are indicated in the upper left corner of plate I. An

indication of a northeast trend in the vicinity of S2,

T1OS, H16E suggests a possible westward offset of the

structure zone of the San Manuel fault mapped by Heindi

(1963).



The trace of the normal fault which emplaced the

Paleozoic-Mesozoic sedimentary block, extending from

Bushman Canyon to the Black Hills, is indicated by the

alignment of the diorite intrusives exposed along this

projected line. The diorite, which intrudes the granite,

and the orientation of the Black Hills change abruptly to

the northwest in S25, T11S, H17E. This trend shift is

suggestive of a buried structural intersection in this

region.

There is also a suggestion of a major structural

orientation in an east-west direction, as the major washes

on each side of the valley are paired, in an approximate

east-west line.

Post-Pliocene faulting is reflected in the valley

fill Quiburis and Sacaton units. This faulting is also

normal, dipping west, west side downthrown, with the

exception of occasional slump structures. The largest

fault of this type is exposed on the eastern flank of the

valley, in H17, 18E, T9S. The fault is accompanied by a

series of parallel slips and fractures with varying

magnitudes of displacement. The largest single displace-

rnent is in the order of 15 feet. The post-Pliocene fault-

ing probably reflects movement on earlier structure zones.

Ninor structural features are the occasional

slips, slump, and faults of small displacement within the
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valley fill. These features are seldom exposed, due to

the plastering effect of the mud from overlying units.

Displacements are usually less than five feet, with both

normal and. reverse movement occuring. Ninor contortions

and folding are present in some beds due to compaction.

Local reversals of dip are common in areas where the fill

material is thin, over bedrock highs, as near the com-

posite dike to the southwest of the Black Hills. The

gradual onlap and covering of the granite exposures is

demonstrated by the detrital material included in the

Quiburis, on both sides of these "highs.1'

Geological Synthesis

Deposition of the post-Miocene valley fill was

probably initially carried out by a poorly integrated

drainage system. The fault block volcanics, sediments,

and granitic rocks which are exposed through the fill at

the present time suggest that initially there was a series

of north-northeast trending drainages and sub-basins

within the San Pedro Valley. Increased erosion plus a

rise in base level, possibly due to damniing as suggested

by MeltOfl (1965), resulted in the deposition of the two

members of the Quiburis formation. The central portion of

the valley received fine grained "lake beds", while the

L.7
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flanks of the valley received a coarse grained equivalent

from the adjacent mountain masses.

Melton (1965) discusses the pedimentation of

deformed sediments and the granitic rocks of the mountain

blocks, which are his evidence of a prolonged period of

structural stability and denudation in a semiarid climate.

He also states this pedimentation must have been accom-

plished after Middle Niocene, and prior to Lower Pliocene

time in the San Pedro Valley, which was halted by the

deposition of a great sequence of lake beds.

In the mapped area, there is no evidence of large

scale truncation of the deformed sediments. They still

exhibit rugged topography which would be the result of

fault block emplacement. These units are lapped onto, and

locally over by the younger fill. The Oracle granite, in

the northwestern portion of the mapped area, displays a

planed or pediment erosion surface, which is partially

covered by alluvial deposits of the Tres Alamos member of

the Quiburis.

On the east flank of the valley, several areas of

volcanic rocks are exposed through the younger valley fill.

This is in part a veneer of alluvium over what may be a

planed surface of volcanic rocks, but the evidence seems

to indicate faulting is also active in the emplacement of

these exposures.



Granite exposures near the Black Hills and Camel

Canyon (plate I) some of which are overlain by an old,

silicjfjed conglomerate dipping to the east, suggest that

the Oracle granite extends under the valley fill which is

relatively thin in this area.

It appears that the Quiburis formation was depo-

sited on a pre-existing topography, little affected by

pedimentation. As the valley filled, the coarse grained

unit gradually encroached upon, and covered the fine

grained unit. A period of downcutting then occurred, with

the deposition of the Sacaton formation. The Sacaton is

topographically lower than the "pediment caps" and is

disconformable with both members of the Quiburis, into

which it was entrenched.

The Sacaton was laid down as a conglomeritic

blanket over most of the central portion of the valley.

The formation is relatively uniform, and attains a thick-

ness of over 150 feet, as exposed in the area. After the

Sacaton deposition, it was dissected. As a result of this

dissection, the mapping of the Tres Alamos-Redington

member contact is possible, and one can see the outline of

the former depositional basin.

Within the drainage pattern cut through the Sacaton

a series of local Pleistocene lacustrine units were
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deposited. These units are assigned a middle to late

Pleistocene age on the basis of their included fossils.

This evidence negates much of the age designations

given to the pediment caps and Sacaton formation by other

authors (Melton, 1965; Heindi, 1963; Smith, 1967). The

stratigraphic position of these beds indicate that the

gravel caps of the adjacent mesas had to be formed prior

to the period of downcutting, and therefore may be pre-

late Pliocene or early mid-Pleistocene, on the present

age estimate of the fauna of the Cerros Negros beds.

The present major drainage pattern had to be

initiated prior to mid-Pleistocene time, and at least 105

feet of post-Sacaton incisement is evident at the Cerros

Negros locality. The blockage of this drainage system

and the resultant impoundment allowed for the deposition

of the Pleistocene lacustrine units.

The Pleistocene lacustrine units were then eroded

and the wash beds were cut down through them. Terrace

levels, along major washes such as Stratton, have eradi-

cated the limits of the lacustrine units. It is inferred

that the downcutting and terrace formation are in response

to the late Pleistocene climatic changes, the Illinoisian

through Wisconsin, in particular.

Erosion was the dominant process in Southern

Arizona, in latest Pleistocene and early Recent time.
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Late Recent time is represented by epicycles of' erosion

and alluviation (Cooley and Davidson, 1963). This is in

general agreement with the field evidence in the study

area. At least three, and often four terrace levels (not

including the present flood plain) are evident along the

river and several of the major tributaries. The depth of

channel fill below the present level of the river attest

to prior downcutting. This was followed by aggradation

to a level some 15 to 20 feet above the present river

level, as evidenced in the occupation levels in the

incised floodplain at Coyote Wash (SW*, S5, T1OS, R18E).
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HYDROGEOLOGY

General Statement

The hydrology of the Lower San Pedro Basin has

been discussed in considerable detail by Heindi (1952 in

Halpenny), Page (1963), and Montgomery (1963). The data

presented by these authors agree with the data of this

study, and the reader is referred to these works.

A part of the study area occurs as a typical

intermittent stream in a semi-arid valley. Precipitation

occurs in the form of rain, snow, and hail throughout the

year, with the heaviest periods of precipitation during

July and August. A period of lesser intensity occurs

during December and January. The average annual rainfall

for the area is approximately 14 inches ranging from 10.5

inches at Redington, to 19.3 inches at Oracle. The great-

est precipitation falls on the elevated mountain regions

flanking the valley, and. contributes to the streamfiow in

the area.

Records from gaging stations at Hedington indicate

peak stream flow in July and August. This surface flow

ranges from 0 to 3,800 cfs (cubic feet per second), with

an annual average of 48.5 cfs over an 18 year period.
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Occasional extreme discharges of 28,600 cfs have been

measured. (U. S. Geological Survey Surface water records,

1965)

Water input to the hydrologic regimen of this

region is from precipitation and stream flow from the

upstream reaches of the drainage system. The discharge

from the system is from underground flow, well pumpage,

artesian flow and evapotranspiration.

Page (1963), studying the inner valley of the San

Pedro in the vicinity of Mammoth, attributes most of the

ground water discharge, from the shallow water table

aquifer, to evapotranspiration. He presents a hypothetical

water budget, from which he concludes that transpiration

equals one-half the recharge from stream flow, and that

the entire amount of irrigation pumpage would transpire if

the land were not cleared of phreatophytes. The river

maintains a balance between recharge and discharge, vary-

ing with the growth season, and this has been little

disturbed by the interference of man.

In general, the hydrologic regimen of the Lower

San Pedro Basin is composed of two sub-systems: 1) the

shallow water table system, and 2) the artesian system.

The water table system is the most wide spread within the

area of Study, and is the source of most of the developed

water supplies in this portion of the valley. The
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artesian basin, as it is presently known, is approximately

outlined in the northern portion of the mapped area

(plate I).

Water Table System

The shallow water table hydrologic system is

affected by and related to the several rocks within the

area. The Precambrian igneous rocks are of the least

importance as water reservoir rocks. Their primary effect

consists of acting as local barriers to ground water move-

ment, and as a source area for the coarse grained "granite

wash" material, which is a possible source of the recharge

to the artesian basin in the vicinity of San Manuel-

Mammoth,

The sedimentary units of Precambrian, Paleozoic,

and Mesozoic age, exposed in fault blocks on the west

side of the valley, have several effects on the water

supply of the region. On the extreme western edge of the

mapped area, they contain springs which feed the tributary

canyons of the San Pedro River. It was also noted that

stream flow disappeared in these limestone and marble

units, by infiltration through solution channels. Water

reappears in the areas which have been modified by

tectonic activity or intrusives. Such is the case of
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ground water discharge in Edgar Canyon at the fault which

emplaced the Paleozoic-Mesozoic units.

Edgar Canyon has ephemeral stream flow as it

leaves the "deformed" Paleozoic-Mesozoic sediments on the

west flank of the valley. It is fed directly, at that

point, by Davis Spring (330, T11S, B.17E) issuing from a

fault in a limestone unit, near the valley fill contact.

The surface flow disappears, and is not evident again

until six miles west (S30, PuS, R18E), where it is forced

to the surface by the fault which emplaced the Paleozoic-

Mesozoic sedimentary block. The stream flow disappears

within a few hundred yards of this "spring", in visible

solution channels in the limestone units, and is a dry

wash to the confluence with the San Pedro River.

Spring fed surface flow was observed to sink into

solution channels of the Paleozoic-MesoZoic limestones in

$33, T11S, 1117E; from that point east, it is a dry wash

except in periods of rainfall. The inferred origin of

the modern spring in Peck Canyon, and the extinct spring

deposits at the Cerros Negros locality Is from the ground

water in the Paleozoic-MeSOZOiC units. Such an inter-

pretation also accounts for the high calcium carbonate

content of the springs, as indicated by the fresh water

limestone deposits of these localities.
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The exposed granite-diorjte porphyry dike at the

Cerros Negros locality may act as a ground water barrier,

causing upward migration of water, through the overlying

Quiburis formation, to emerge as artesian spriris. No

direct structure control is in evidence at Peck Spring;

however, the projection of the fault of the Edgar Canyon

locale, the outlying diorite intrusives, and the location

of the Black Hills fault block suggest a structural

influence on the origin of this spring.

The rhyolite exposures on the eastern flank of

the valley are heavily fractured, with a west dip to the

fractures, allowing migration of water through these

otherwise impermeable barriers.

The Redington member of the Quiburis formation is

relatively unproductive for water development owing to its

less permeable nature. Near the facies change to the

conglomeritic Tres Alarnos member, the fine grained unit

acts as a barrier to down slope ground water movement, and

may serve as a confining bed to the coarse grained units

it overlies.

The Sacaton Formation is of little importance in

considering the hydrology of the area. The intense dis-

section of the unit, with the resultant discontinuity,

render it useless as a reservoir rock. It is of value
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as a residual cap from which rapid. runoff is nearly impos-

sible, and as a protection for the underlying Quiburis.

Pleistocene and Recent terrace gravels and flood-

plain deposits constitute the major water table aquifer in

the study area. The relatively unconsolidated nature of

this material allows for rapid infiltration and migration

of ground water. The underlying relatively impermeable

Redington member of the Quiburis forces the ground water

movement downstream, in response to the gradient.

Well logs, available at the U. S. Geological

Survey office in Tucson were studied for subsurface infor-

mation. Only the northern portion of the area has recorded

wells which penetrate below the river gravels of the flood

plain. Logs of several of these wells appear in the

appendix of this report.

The water table map (plate IV) was compiled from

new field data obtained during the period of this study.

Prior to this investigation, no published. data were

available on the water table surface in this portion of the

valley. Water table measurements of most of the wells

within the area had been undertaken sporadically by the

U. S. Geological Survey, but intervals of as much as

several years occur between successive measurements.

Land surface elevations of the individual wells

were taken by means of a single base altimeter survey.
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Water levels in the wells were obtained by means of a 300'

steel tape. Some of the wells were sealed, and were of no

value in water table data.

The majority of wells penetrate only the 140 to 80

feet of floodplain and channel fill deposits of the San

Pedro River. In the northern part of the area, the

Mammoth artesian basin recharges the water table system

by leakage along well casings, and possible structure

zones.

Bedrock highs, evapotranspiration, and possible

structure influence the stream flow of the river. Under

flow is estimated to be on the order of L5O to 2,700 acre

feet per year from the entire Lower San Pedro Basin

(Heindi, 1952 in Halpenny).

Stream flow occurred in two localities of the

river during the ground water inventory (plate IV). The

stream flow in these areas was due to water table and

surface elevation intersection, as a response to bedrock

highs. In the area of Sacaton Ranch, the surface flow is

probably in response to a forced rise of the water table,

at bedrock high inferred from granite outcrops on both

sides of the river at this point.

Bedrock control on the water table, causing stream

flow, is also indicated in the river just north of the

mouth of Edgar Canyon. Here, the Paleozoic-MesoZoic
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sediments are observed to outcrop in the river bed, forcing

the stream flow by causing any underf low in the channel to

rise over this relatively tlhardlt rock.

An increase of flow, plus a general rise in the

water table of the floodplain was noted during the study

period. It correlated roughly with the decrease of evapo-

transpiration due to the cooler fall weather, the result-

ant defoliation of the vegetation, and the cessation of

irrigation pumpage at the end of the growing season. It

may also be partly in response to the heavy precipitation

of the late summer period of the study year, which was

just being manifested by the ground water system.

In addition to the springs discussed previously,

one spring, in S9, T1OS, R18E, known locally as Burro

Spring, has ceased to flow in historic time. attempts to

develop the water supply caused it to cease completely

(Lamar Bingham, personal communication). This may also

have been partly in response to lowering of the water

table by well development, or may have been in response

to a lowering of the piezometric surface of the southern

extremity of the Mammoth artesian basin.

At the Bingham Ranch near Edgar Canyon, a cienega

is present year-round and is believed to be due to a

shallow water table in this area, due to the influence

of the block of Paleozoic-Mesozoic sediments.
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Artesian System

The artesian basin occurs in the northern portion

of the area. Modern and extinct springs have been

observed along a projected fault line on the western

flank of the valley.

Deep wells, penetrating into and possibly through

the Quiburis formation, encounter two zones of artesian

water. Well logs indicate artesian flow at depths of

628 to 860, and greater than 1,200 feet. Some of the

wells, within the outlined artesian basin, flow at the

surface, whereas others rise to within several tens of

feet of the ground surface. The southern limit of the

artesian basin is not known, but is inferred not to extend

south of Sacaton Ranch. The granite outcrops exposed in

the valley fill on both sides of the valley, suggests a

shallow fill (bedrock high) in this area, creating a

probable ground water divide.

The steeply dipping San Manuel formation and the

"red conglomerate", on the flanks of the tilted sedi-

mentary blocks, are probable recharge units for the

artesian aquifers, at depth in the valley. The conglom-

eritic nature of these units, plus considerable fracture

and faulting would allow the movement of water below the

overlying, fine grained units of the Quiburis formation0



These units may form the deep artesian zone, with

the fine grained unit of the Quiburis formation acting as

the confining beds. The "granite wash" of the San Manuel

area, interfingering with, and overlain by the Quiburis

formation, might be the source of the shallow artesian

aquifer.

Well (D-9-l7)25bdd showed 100 pounds pressure on

a shut-in test. This pressure is equivalent to 231 feet

of water, indicating an actual piezometric surface 231

feet above the measuring point, which was +.5 feet above

the ground surface, at the well. These data indicate an

elevation of approximately 2,735 feet above sea level for

the actual piezoinetric surface. Estimating a head loss,

due to friction of 50 feet, the theoretical piezometric

surface should be approximately 280 feet above the surface,

or an elevation of approximately 2,800 feet. This infor-

mation suggests an intake area of greater than 2,800 feet

elevation, showing the post I"Iiocene units of the San Pedro

Valley to be of little effect on the artesian system. It

is therefore inferred that the "red" conglomerate and San

Manuel formation, and their equivalents are the conduits

for recharge to the artesian system.

Paleohydrology

The Sacaton formation, described earlier, repre-

sents the coarse fill material of' a degrading river system.
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The wide, lateral extent of this material suggests a

stream of low gradient, with one or several meandering

channels, carrying an overload of coarse grained. material.

The relative thinness as compared to the width suggests

considerable wandering and. change of course over a rather

flat, featureless expanse of fine grained (Redington

member of the Quiburis formation) material. Sediment

entered this stream system by upstream drainage, tributary

streams, and down slope transfer of material from the Tres

Alamos member of the Quiburis.

As a result of the heavy sediment load and. low

gradient, a relatively thin and somewhat uniform layer of

gravels and coarse sand was spread. over the majority of the

central portion of the San Pedro Valley. The 3,200 foot

contour is an approximate upper limit for the Sacaton

format ion.

After deposition of this gravel veneer, a change

in base level, resulting in increased competence and.

capacity of the stream, initiated a degradation cycle. The

central portion of the valley received the greatest degree

of down cutting, with a resultant dissection of the flanks

of the valley, especially along the major washes.

At the present time, the Sacaton is a remnant

feature, occupying a reversed. topographic position, cap-

ping ridges. There is a great degree of dissection,
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leaving the Sacaton as scattered caprock having irregular

areal extent.

The disconformable nature of the Sacaton with the

underlying fine graineci Quiburis is easily recognized in

exposures such as those in Kielberg Canyon, Clark Wash,

(figure 8) and most of the other major tributary washes.

Where the Sacaton overlaps the coarse grained Tres Alamos

unit, there is no distinct separation of the lithologies,

however, the topographic expression of' the more elevated

Tres Alamos serves as an approximate contact. Terrace

gravels of younger age are also easily confused with the

Sacaton in some portions of the area.

Detailed mapping of the Sacaton outcrop (plate I)

reveals the outline of the central trough of the ances-

toral San Pedro River. The contact between the Redington

and Tres Alamos members of the Quiburis formation indicates

a meandering central depression for the valley during the

deposition of the Quiburis. Each meander of this trough

is controlled by bedrock outcrops. From the southern

limit of the mapped area, the trend of the axis of the

fine grained material is northwesterly until it contacts

the Paleozoic-Mesozoic sedimentary block of Edgar-Buehman

Canyons. At this location the trough swings north-

northeast until contact with the rhyolite exposed in

Kielberg Canyon causes a second northwest trend. The fine
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grained material laps onto and. over the Paleozoic-Mesozoic

sediments and the granite-diorite complex near the Black

Hills, but is again forced northeast at this obstruction.

The granite and rhyolite to the northeast of Sacaton Ranch

limit the eastern margin of the above described north-

western trend. The northeast trend continues until it is

affected by the rhyolite mass and granite exposure in the

vicinity of Camel Canyon, which force another northwestern

trend.

Heind.l (1963) states the central axis of the an-

cesteral trough is two miles east of the present course of

the San Pedro River0 This is in almost exact agreement

with the above described northern trend. Heindl's mapping

did not reveal the fact that this ancesteral trough was a

meandering feature, which crosses the present river four

times in the mapped area of this report.



ARCHAEOLOGY

General Statement

Several archaeological sites had been reported in

this portion of the San Pedro Valley prior to this study;

however no extensive survey had been conducted. The

Amerind. Foundation Inc., of Dragoon, Arizona and the Gila

Pueblo Foundation at Globe, Arizona have been the most

active investigators in this general area.

As a Cochise Culture site was present in the

southwestern portion of the mapped area, and the geologic

field work would also reveal archaeological sites, a site

survey was undertaken in this portion of the valley, for

the Arizona State Museum.

Site Survey Results

In all, 19 sites were located and reported during

the field period. These sites range in age from pre-

ceramic Desert Culture (Cochise Culture) to Salado and pro-

bably to later cultures, such as the Apache. Of the 19

sites reported, 8 are preceramic, and 11 are ceramic. In

addition to habitation sites, one pictograph was found,

plus several hundred acres of "cleared" agricultural land.
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In general, the oldest archaeological sites

(Cochise Culture), indicated by tool type, are peripheral

to the valley axis. These sites are often as much as 5 to

6 miles from the present river. Old lithic sites are also

found nearer the valley center, either as areas of lithic

material on high erosional remnants, or as buried occu-

pation levels in the flood plain, as in Coyote Wash. The

ceramic sites are predominantly along the flood plains

and near-river terraces along the central portion of the

valley.

S everal interacting conditions probably produced

this dichotomy of site location. The apparent peripheral

location of the pre-ceramic sites is due in part to:

1) erosion, 2) aggradation, 3) water sources. Erosion

works both to uncover and remove material on the upland

sites of the valley flanks. Aggradation serves to bury

the sites of the flood plain, as evidenced in Coyote Wash.

Springs and other reliable water sources, such as catch

basins, serve as loci for both pre-ceramic and ceramic

cultures. The ceramic cultures are concentrated along

the river valley, usually on the first or second terrace.

The larger populations reflected by the size and com-

plexity of the ruins indicate a relatively stable popu-

lation, relying on the river, its surrounding floodplain,

and terrace agriculture potential.
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Most of the post-Sacaton terrace levels near the

present river have evidence of ceramic cultural occupation.

This evidence ranges from pueblo sites to potsherds and

"stone piles." The stone piles (figure 16) cover most of

the surfaces of the post-sacaton terraces. These piles of

stone are randomly arranged, are of approximately the same

size, and in the same order of spacing interval. It is

inferred that these stone piles are the result of clearing

these terrace surfaces for agriculture, Rather than carry

stones to the edge of the hill, the prehistoric people

threw them into piles, leaving a random pattern of stone

heaps surrounded by cleared ground. The presence of low,

terraces or dams on even the most gentle drainage patterns

of these terrace surfaces further indicates the agricul-

tural nature of these features. The scarcity of poteherds,

lithic debris, or structures in these areas might also

indicate agricultural activity. Within the mapped area,

approximately 600 to 800 acres of land has been "cleared"

in this manner.

In addition to the agricultural and occupation

sites, areas of source material were located. Lithic

material from pre-ceramic sites in the area shows a pre-

ponderance of quartz, jasper, agate, basalt, chert,

rhyolite, quartzite, andesite, and obsidian, in that

approximate order of frequency (Agenbroad, l966)



/

Figure 16, Stone piles of "agricultural" nature on
Pleistocene terrace gravels, (332, T9S, R18E)
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Ceramic sites show a similar order, with agate, jasper,

chert, obsidian, and basalt predominating.

During the field study, abundant agate float of

the same type utilized in the sites was located in S5,

'rns, R18E. Ethyolite, basalt, andesite, jasper, and

obsidian are all available in the Galiuro Mountains, and

the gravels on the east side of the valley, which were

derived from them. Chert is available in thin deposits

within the Redington member of the Quiburis formation;

as well as in the limestone outcrops of the fault blocks

of Paleozoic-Mesozoic sediments on the west side of the

valley. In local areas in these pre-Pliocene sediments,

massive quartz is abundant.

It appears that the geologic-hydrologic factors

controlling the site location in this portion of the San

Pedro Valley are four fold: 1) water Source , 2) agricul-

tural or gathering areas, 3) quarry, or source material

sites, and Lij) vantage points.



CONCLTJS I ONS

As a result of this study, the principal conclu-

sions derived are:

Structure

1) The studied portion of the San Pedro Valley is a

Structural trough created by a series of nearly

parallel normal faults. The general attitude of

these faults is northwest, dipping to the west.

The faulting, of various ages, affects lithologic

units of all ages, through the Pliocene Quiburis

Formation0 There is a suggestion of a similar

set of East-West structural features, evidenced

by paired, alligned, tributary washes to the

San Pedro River. No direct structure features

were observed to control the drainage, however.

Deposit lonal History

1) All pre-Pliocene units, whether igneous, marine

sediments, or valley fill, were deformed and

eroded after emplacement and deposition. P11-

ocene arid younger valley fill units were de-

posited on the resultant topography and lapped

upon and locally covered the older units.
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Detailed mapping of the individual units of the

post-Pliocene valley fill reveals a rneanderin'

central trough, in which the fine grained Red-

ington Member of the Quiburis forrriation was

deposited.

The present, major tributary drainage pattern

was established at least by mid-Pleistocene

time, This drainage may have been as early as

late Pliocene, as evidenced by the deposition

of Pleistocene lacustrine units emplaced in

erosion channels cut through the Sacaton forma-

tion, into the Redingtofl Member of' the Quiburis

formation.

) The origin of local Pleistocene lakes on the

western flank of the valley was due to

lesser gradient of this flank of the valley:

blockage of drainage cut into older valley

fill units:

the presence of artesian springs, controlled

by structure and bedrock.

Hydrologic Synthesis

1) Water table and artesian aquifers are present

within the study area. The extent of the

artesian basin is not knovm at present, but
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its southern limit is inferred by bedrock out-

crops on each side of the river near Sacaton

Ranch. This artesian system is presently supply-

ing water to wells for several ranches, and is

the major source of water for the San Manuel

Copper Co. Most developed water supplies are

in the ground water aquifers of the valley fill,

of which the flood plain and river channel

deposits are of major importance. EvapotraflSPi

ration would approximate the agricultural use of

water.

2) Further development of stock wells is recom-

mended in the up-gradient reaches of the Tres

mos_RedingtOfl interface. Ground water

migration down_gradient in the Tres Alamos unit

is backed up by, and may be confined below the

Redingtofl unit, allowing a better than average

completion ratio for successful low yield wells.

Archaeological EVal1ti0fl

1) Nineteen
haeO1ogical sites were located during

the period of field jeStigati0fl. The sites

range jn age from pre_ceramic Cochise culture

(ca. 5,700 B.P.) through Salado ceramic cultures

(ca. A.D. l,300) and possibly to such historic

groups as the Apache.
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2) LithIc sites occur on the valley periphery, with

occasional exposures in incised flood plain

deposits. Ceramic culture sites occur along the

near-river terraces.
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RECOMMENDATIONS FOR FURTHER STUDY

As a result of the data obtained from this investi-

gation, several possibilities for further study in the area

are recommended:

Geophysical surveys in the vicinity of the Black

Hills-Sacaton Ranch, to determine the depth of

fill, to determine the possibility of a local

bedrock high.

Deep well development south of the present

inferred limits of the Mammoth artesian basin,

to determine the southern limits of this basin,

and to obtain permeability and transmissibility

data from the several geologic units encountered.

Additional paleontological and geochronologic

investigations of the Pleistocene lacustrine

units, to determine age, environment, and paleo-

climatic conditions.

Lij) A similar study from the vicinity of Redington

to Cascabel, in order to add detail to the

geologic and hydrogeOlOgic data of the San Pedro

River Valley.
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APPENDIX A

SELECpjj WELL LOGS

Note: The majority of the wells, within

the studied portion of the San Pedro

Valley, only penetrate the channel

fill of the river. The lithology

is usually not stated on the shallow

logs, or simply Stated as "sand and

gravel." The logs presented here

are indicative of the material

encountered below the channel fill

material of the present river

System.

U. S. Geological Survey well

notation is utilized in the loca-

tion of wells, as described in the

text.
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WELL: (D-8-17) 33b

Lithology Thickness
(feet)

Depth
(feet)

Sand and gravel 80 80
Sand 5 85
Sand and boulders 5 1LO
Sand 20 160
Gravel 205
Hard sand 220
Gravel 65 285
Sand 30 315
Sand and boulders 136 51
Sand lLi 595
Sand and ravel 10 605
Gravel 20 625
Sand and gravel 35 660
Running sand 5 665
Sand 80
Clay and gravel 10 755
Sand and clay 10 765
Red clay and gravel 240 1005
Brown shale with sand 10 1CLL5
Red clay and gravel 15 1030
Sticky black clay (show oil) 5 1035
Sticky brown shale (show oil) 5 l0LJ0
Red clay and gravel 65 1105
Gypsum 5 1110
Red clay and gravel 25 1135
Brown lime 9 11
Red clay and gravel 16 1160
Hard sand (small amount of water) 35 1195
Red clay 2 1197
Hard brown sand 8 1205
Hard gray lime 15 1220
Conglomerate with lime 37 1257
Red clay 8 1265
Hard conglomerate 2 1267
Red clay 8 1275
Sandstone (artesian water, flowing

20 gallons a minute 95 1370
Hard sandstone 70 l0
Red beds 2+5 1485



WELL: (D-9-17) 24 ddc
elev: ± 2,550'

Lithology Thickness Depth
(feet) (feet)

River gravel 25 25

Coarse river gravel 20 45

River sand 26 71

Sandy gypsum 33 104

Solid gypsum beds 56 160

Gypsum beds with clay seams 260 320

Sandy gypsum: a little water after 325' 40 360

Gypsum beds and clay seams 60 420

Gypsum beds 60 480

Sandy clay 60 540

Heavy clay 20 560

Sandy clay 60 620

Sand with clay nodules 40 660

Sand and gravel 20 680

Artesian water bearing sand and fine
gravel 120 800

70 870Heavy clay with a few boulders

(Water at 325' rose to within 20' of the
surface,)
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WELL: (D-9-17) 25 bdd.
elev: ± 2,500'

Lithology Thickness Depth
(feet) (feet)

River sand and silt 20 20

River gravel 40 60

River gravel and clay 20 80

Heavy clay with a little gravel 40 120

Heavy clay 200 320

Sandy clay 140 Li6o

Sandy gypsum 20 480

Gypsum sand (water after 487') 6o 540

Gypsum sand with clay nodules 60 600

Clay and sand 28 628

Coarse sand with artesian water 12 640

Fine sand 60 700

Coarse sand with clay seams 120 820

Coarse sand and gravel 40 860

Sand and clay seams; no increased flow 95 955

Hard clay 10 965

Fine sand; no increase of flow 2 967

(Flow increased steadily 628-864')
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APPENDIX B

DESCRIPTIONS OF MEASURED SECTIONS

NOTE: The color designations in the following descriptions
are those of the Rock-Color Chart, prepared by the
Rock-Color Chart Committee, National Research
Council, E. N. Goddard, Chairman (Distributed by the
Geological Society of America, New York, New York.)

This color chart gives descriptive terminology for
each color, as well as a numerical designation
representing hue, value, and chroma.

Stratigraphic Section CN

Located in SW*,SW*,NE* S25, T. 10 5., R. 17 E. on the north

slope of Cerros Negros Wash, approximately 3* miles west of

the San Pedro River; elevation at the top of the section is

3112 feet.

Unit
Thickness

No. Lithology
in feet

Erosion Surface

Cerros Negros Lacustrifle Units

36. Fresh water limestone with some mudstone,

white (N9), clay texture, well sorted, firm

carbonate cement, abundant snail shells and

occasional sand grainS, massive, flat bed-

ded with gradational base; forms vertical

cliffs with blocky weathering

35. CalcareOuS mudstofle, yellowish gray (5Y8/l),
clay texture, poorly sorted, firm argil-

laceous and calcareouS cement, abundant

snail shells with occasional pebbles, mas-

sive with gradational base; forms vertical

cliffs with blocky weathering
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Section CM -- Continued

314.. Mudstone, yellowish gray (5Y8/1), clay texture,
fair sorting, weak calcareous and argillaceous
cement, common inclusion of snails and granules
to pebbles, massive, flat beds with gradational
base; forms irregular cliffs, weathers blocky - 1.3

33, Mudstone, yellowish gray (5Y7/2), clay texture,
well sorted, weak argillaceous and calcareous
cement, abundant snails, massive with grada-
tional base; forms irregular cliffs, weathers
blocky 0.5

32. IIudstone, yellowish gray (5Y8/l), clay texture,
well sorted, weak argillaceous and calcareous
cement, abundant snails, bone fragments, mas-
sive flat beds with gradational base; forms
irregular cliffs, weathers blocky 0.8

31. Mudstone, light greenish gray (5GY8/l), clay
texture, well sorted, firm argillaceous and
calcareouS cement, snails are common, bone
fragments, massive, flat beds with sharp base;
forms vertical cliffs, weathers blocky 1.0

30. Mudstone with occasional pebbles, light brown
(5YR6/1-I) clay texture, well sorted, firm cal-

careous and argillaceous cement, abundant

snails, bone fragments, massive, flat beds
with irregular base; forms vertical cliffs,

weathers smooth
2.

29. Conglomerate, pale brown (5YR5/2) to light gray

(N6) very coarse to fine grained, subangular to

subrounded, poorly sorted, very weak cement; ir-

regular beds with irregular base; forms vertical

cliff and weathers knobby; good aquifer 0.8

28. Pebbly siltStone, grayish orange pink (10R8/2)

very coarse grained to silty texture, rounded

to subrourided, weak argillaceous cement, mas-

sive with gradational base; forms vertical

cliffs, weathering knobby

27. Conglomerate (as 29)

26. Pebbly siltstofle (as 28)
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Section CN -- Continued

25. Sandy siltstone, grayish orange pink (10R8/2)
medium grained to silty texture, weak argil-
laceous cement massive with gradational base,
forms vertical cliffs, weathers smooth 0.9

24. Sandy conglomerate, light gray (N6), coarse
grained, fair sorted, rounded to subrounded,
very weak argillaceous cement, massive with
gradational base; forms irregular cliffs,
weathers knobby 0.4

23. Sandy, pebbly siltstone, grayish orange pink
(10R8/2) medium sand to silty texture, rounded
poor sorted, weak argillaceous cement, massive
with gradational base; forms irregular cliffs,
weathers blocky

22. Basal conglomerate, light gray (N?) to dark
gray (N3), coarse to fine grained, rounded
to subangular, fair sorting, weak cement,
massive with sharp base, irregular cliffs with
knobby weathering

Erosion Surface

uiburis Formation, (Pliocene)

21. Silty sand, very pale orange (10YR8/l) very
coarse to silty texture, poor sorting, me-
dium calcareous cement, massive with grada-
tional base; forms irregular cliffs, weathers

blocky

20. Calcareous, silty mudstone, grayish orange
pink (5yR7/2) silty to clay texture, poorly
sorted, subrounded, medium hard calcareouS
cement, flat bedded with gradational base,
forms irregular cliffs, weathers blocky

19. Sandy silt with calcareoUs nodules, grayish

orange pink (5YR7/2), medium sand to silty

texture, poorly sorted, medium calcareoUS
cement, massive bed with gradational base,

forms rounded cliffs, weathers round
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Section CN -- Continued

18. Calcareous sand, very pale orange (loyR8/2),
medium to fine grained, subrounded to sub-
angular, fair sorting, very well cemented by
carbonate, massive with irregular base; forms
irregular cliffs, weathers knobby

17. Sandy mudstone, very pale orange (lOYR8/2),
very fine grained to clay texture, fair sort-
ing, subrounded to subangular, medium cement-
ing by carbonate, massive with gradational
base; forms irregular cliff with blocky
weathering

16. Sandstone, very pale orange (101R8/2), very
fine grained, well sorted, subrourided, very
well cemented by carbonate, massive with
gradational base; forms vertical cliffs with
blocky weathering

15. Sandy siltstone, very pale orange (lOYR8/2),
fine grained. to silty texture, fair sorting
of subrounded particles, medium calcareous
cement, massive with gradational base; forms
irregular cliffs with blocky weathering

14. Sandstone, very pale orange (1OYR8/2) coarse
to medium grained, subangular to subrounded,
poorly sorted quartz grains; well cemented
by carbonate, massive with sharp base, forms
irregular cliffs with knobby weathering

13. Slltstone, very pale orange (1OYR8/2) silty
texture, well sorted, well cemented by car-
bonate, massive with irregular base; forms
rounded cliffs with rounded weathering

12. Silty sandstone, very pale orange (1OYR8/2),
medium grained to silty texture, subrounded
to subangular well cemented by carbonate,
massive with sharp flat base; forms irregular

cliffs, weathers knobby

11. Sandy siltstone, very pale orange (1OYR8/2)

medium grained to silty texture, fair sorting

subangular to subrounded, medium carbonate

cement, massive with sharp base; forms verti-

cal cliffs with blocky weathering
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Section ON -- Continued

10. Silty sandstone with carbonate nodules, gray-
ish orange (l0YR7/), medium grain, sub-
rounded, fair sorted, quartz, medium carbon-
ate cement, massive with sharp base; forms
rounded cliffs with rounded weathering 2.0

9. Sandstone with carbonate nodules, light brown
(5YR5/6) to very pale orange (1OYR8/2),
medium to very fine grained, subrounded, fair
sorted quartz, well cemented by carbonate,
massive with irregular base; forms irregular
cliffs with knobby weathering 2.5

8. Sandy siltstone with calcareous nodules, gray-
ish orange pink (5YR7/2), fine grained to
silty texture, well cemented by carbonate,
flat bedded with irregular base; forms ir-
regular cliffs with knobby weathering

7. Silty mud.stone, grayish orange pink (5YR7/2),
silt to clay texture, fair sorting, weak cal-
careous cement, massive wibh irregular base;
forms irregular cliffs with blocky weather-
i ng

6. Siltstone, grayish orange pink (5YR7/2),
silty texture, well sorted, very well ce-
mented by carbonate and argillaceous mate-
rial, massive with gradational base; forms
rolling ledges with rounded weathering

5. Sandy siltstone, grayish orange pink (5YR7/2),
fine grained to silty texture, poor sorting of

subangular quartz, well cemented by carbonate

and argillaceous material; massive with ir-

regular base, forms rounded cliffs with

rounded weathering

Conglomeritic sandstone, grayish orange pink

(5YR7/2) coarse grained to silty texture,

fair sorting of angular to subrounded grains,

very well cemented by carbonate and silica,

massive flat bedded with sharp base; forms

vertical cliffs and weathers knobby

84

2.0

1.0

2.0

2.0

2.5



Section CN -- Continued

3' Sandy siltstone, grayish orange pink (5YR7/2),
fine grained to silty texture, fair sorting of
subangular grains, medium carbonate cement,
massive with irregular base; forms irregular
base; forms irregular cliffs and weathers
blocky

2. Siltstone with carbonate nodules, grayish
orange pink (5YR7/2) fine grained to silty
texture, subangular, poorly sorted grains,
well cemented by carbonate, gnarled beds
with irregular base; forms irregular cliffs
with knobby weathering

1. Sandy siltstone, grayish orange pink (5YR7/2)
fine grained to silty texture, fair sorting
of subangular to subrounded grains, well
cemented by carbonate, massive bedding with
concealed base; forms irregular cliffs with
knobby weathering

Base concealed in wash floor
Total thickness of Pleistocene laustrine

unit S

Total thickness of QuiburiS formation
Total thickness of section

85

3.0

3.0

1.5

20.5
50.0
70.5



Stratigraphic Section PC

Located in the NE*,NW s18, TilS, R17E on the south wall
of Peck Canyon; approximately three miles west of the San
Pedro River; elevation at the base of the section is
3l54.3 feet above sea level.

Unit Thickness
No. Lithology in feet

Erosion Surface

Sacaton Formation (Pleistocene)

8. Boulder conglomerate, broish gray (5YR6/l)
to pale red (10R6/2); very coarse, poorly
sorted granite, metamorphic and sedimentary
rocks; rounded to angular, very weak carbon-
ate cement, forms flat mesa cap with armored
slopes, deep red soil

7. Covered slope, calcareous nodules, gravel
(of the Sacaton Formation), mudstone

6. Carbonate, white (N9), clay texture, well
sorted, well cemented by carbonate, flat

bedded with gradational base; forms verti-

cal cliffs with blocky weathering

5. CalcareoUS silt, very light gray (N8), silty

texture, fair sorting, well cemented by
carbonate, includes a carbon layer and abun-

dant snails, thin bedded with gradational
base; forms vertical cliffs, weathers

blocky

Sandy, silty carbonate, white (N9) to very

light (N8) coarse grained to clay texture,

fair sorting, well cemented by carbonate,

abundant snails, flat bedded with grada-

tional base; forms vertical cliffs with

blocky weathering

3. Slltstone with occasional cobbles near base

yellowish gray (517/2), silty texture, fair

sorting, medium carbonate cement, flat thin

beds with gradational base; forms vertical

cliff, weathers blocky
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Total thickness Pleistocene lacustririe
ui-il t

Total thickness of section
Elevation of base of section

51.3
73.2

Jl5Li.3
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Section PC -- Continued

2. Pebbly, silty sand, yellowish gray (5Y8/l),
very coarse to clay texture, poorly sorted,
weakly cemented by carbonate, flat beds with
gradational base; forms irregular cliffs,
weathers blocky 0.8

1, Sandy conglomerate, yellowish gray (5Y7/2)
to moderate yellow (5Y7/6), very coarse to
silt texture, poorly sorted of rounded to
subangular quartzite, gneiss, and intrusive
rocks with quartz and ferromagnesian miner-
als, unceniented, thin bedded with concealed
base in wash floor; forms irregular cliff,
weathers knobby 3.5



Stratigraphic Section BC

Located In the SWT, S2LI, T11S, R18E on the south and east
wall of Burro Canyon; approximately 1.5 miles east of the
San Pedro River; elevation at the base of the section Is
29Ll2.O feet above sea level.

Unit Thickness
No. Lithology in feet

Erosion Surface

Sacaton Formation (Pleistocene)

39. Boulder conglomerate, brovmish gray (5YR6/l)
to pale red (lOR6/2) very coarse (up to 2 ft.
diameter), poorly sorted volcanic rocks,
subrounded to angular, very weak carbonate
cement, forms irregular slope, weathers
knobby, gradational base

38. Sandy conglomerate, grayish orange pink
(5YR7/2) boulders to silty texture, poorly
sorted, subrounded to angular volcanic
rocks and quartz sand with ferromagnesian
minerals, weak carbonate cement, flat bed-
ded with sharp, irregular base; forms verti-
cal cliffs, weathers knobby

Erosion Surface

Qulburis Formation (Pliocene)

37. Sandy silt with occasional two inch sand
layers, grayish orange pink (5YR7/2), very
coarse to silty texture, poorly sorted, sub-
rounded to subangulai' quartz with mica, very
well cemented by carbonate, flat, massive
beds with gradational base; forms irregular
cliffs with rounded to blocky weathering

36. Sandstone, grayish orange pink (5YR7/2), very
coarse to very fine grained, poorly sorted,
subangular to subrounded quartz with mica and

ferromagneSian minerals, very well cemented

by silica and clay, flat, massive beds with

gradational base; forms irregular slopes with

round to knobby weathering
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Section BC -- Continued

35. Sandy siitstone, grayish orange pink (5yR7/2)
medium grained to silty texture, poor sort-
ing, quartz with ferromagnesian minerals,
well cemented with silica and clay, massive
flat beds with sharp base; forms irregular
cliffs, weathers blocky

34. Sand grayish orange pink (5YR7/2), very
coarse to silty texture, poorly sorted sub-
rounded to subangular quartz with ferro-
inagnesian minerals, uncemented, flat bedded
with gradational base; forms vertical cliffs,
weathers crumbly

33. Sandy, tuffaceous siltstone, grayish orange
pink, (51R7/2), very fine grained to clay
texture, poorly sorted, subrounded to angu-
lar quartz with tuff and ferromagnesian min-
erals; very weak argillaceous cement, flat
beds with sharp base; forms rolling slope
with crumbly to smooth weathering

32. Tuff, very light gray (N8), very fine grained,
angular, well sorted, very weak cement, flat
bedded with sharp base; forms vertical cliffs,
weathers smooth

31. Muddy siltstone with chert nodules, grayish
orange pink (5YR7/2), silty to clay texture,
poorly sorted subrounded to subangular quartz
with ferromagnesian minerals altering to
chert nodules, weak argillaceous cement to
hard silica cement, flat bedded with sharp
base, forms irregular cliffs with rounded to
knobby weathering

30. Siltstone, grayish orange pink (5YR7/2),
silty texture, fair sorting, subrounded. to

subangular quartz with ferromagneSiafl min-

erals, medium argillaceous cement, flat,

massive beds with gradational base; forms

irregular cliffs with smooth weathering

29. Sand, grayish orange pink (5YR7/2), very

coarse to very fine grained, poorly
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Section BC -- Continued

cemented, subrouncled. to angular quartz and
ferromagnesian minerals, uncemented, flat
beds with gradational base; forms irregular
cliffs, weathers crumbly

28. Sandy siltstone, grayish orange pink
(5YR7/2), fine grained to silty texture,
poorly sorted, subangular to subrounded
quartz with ferromagnesian minerals, weak
argillaceous cement, flat bedded, massive,
with gradational base; forms vertical
cliffs with smooth weathering

27. Muddy siltstone, grayish orange pink
(5yR7/2), silty to clay texture, subrounded.
quartz and ferroinagnesian minerals, medium,
argillaceous cement, flat, thin beds with
gradational base; forms irregular cliffs
with rounded weathering

26. Silt, (as 30) 3.3

25. Tuff, very light gray (N8), very fine
grained, well sorted, angular, flat bedded
with sharp base; uncemented; forms vertical
cliffs, weathers smooth 0.5

24, Siltstone, grayish orange pink (5YR7/2),
silty texture, fair sorting of subrounded
quartz and ferroinagneSiafl minerals, medium
argillaceous cement, flat, massive beds
with sharp base; forms vertical cliffs,
weathers smooth 1.7

23. Tuff, white (N9), very fine grained-, angular,
well sorted, flab bedded with sharp base;
forms vertical cliffs weathers smooth 0.2

22. Cherty sand grading to conglomerate at base,
grayish orange pink (5YR7/2), very coarse to
silty texture, fair sorting of subrounded to
angular quartz sand, volcanic rocks, c}iert
nodules, very well to weak silica cement,
massive flat beds, with grad.atiorial base,
forms irregular cliffs, weathers knobby 5.7
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Section BC -- Continued

21. Silty tuff' with occasional chert nodules,
grayish orange pink (5YR7/2), silty tex-
ture of poorly sorted Subrounded to angular
quartz and ferromagnesian minerals and
glass, very weak cement, flat bedds with
sharp base; forms vertical cliffs, weathers
rounded

20. Sand, very pale orange (1OYR8/2), fine
grairied to silty texture, fair sorting of
subrounded. to subangular quartz and. ferro-
magnesian minerals, uncemented flat bedded
with gradational base; forms irregular
cliffs with hackly weathering

19. Silt, (as 24)

18. Sand, (as 20)

17. Silty tuff, grayish orange pink (5YR7/2) to
very light gray (N8), silty texture, sub-
rounded to angular quartz with ferromag-
nesian minerals and glass, very weak cement;
flat, massive beds with sharp base; forms
irregular cliffs and weathers blocky

16. Silt, very pale orange (lOR8/2), silty tex-
ture, fair sorting, weak argillaceous
cement, flat, massive beds with gradational
base; forms vertical cliffs with smooth
weathering

15. Tuffaceous silt with nodular chert, very
pale orange (lOR8/2), silty texture, poor
sorted, subrounded. to angular quartz and.
glass, very well to well cemented by silica,
flat bedded with gradational base, forms
irregular cliffs with blocky weathering

14. Silty tuff, very pale orange (10R8/2), very
fine grained to silty texture, fair sorting
of subrounded to angular quartz and. glass

with ferroinagnesian minerals, well cemented.

by silica; flat, massive bed. with gradational
base; forms vertical cliffs and weathers

smooth
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Section BC -- Continued

13. Tuff, very light gray (N8), very fine
grained, well sorted, angular glass; very
weak cement, flat bedded with sharp base;
forms irregular cliffs with blocky
weathering

12. Mudstone with carbonate nodules, grayish
orange pink (5YR7/2), clay texture, fair
sorting, well cemented by clay, flat,
massive beds with sharp bases; forms ir-
regular cliffs with blocky weathering

11. Siltstone, grayish orange pink (5YR7/2),
silty texture, fair sorting, subrounded to
subangular, well cemented by argillaceous
material, flat, massive beds with sharp
base; forms vertical cliffs with smooth
weathering i.o

10. Tuff, (as 13) 0.2

9. Sandy siltstone, grayish orange pink
(5YR7/2), very fine grained to silty texture,
poorly sorted, subrounded to subangular
quartz, well cemented by clay, flat beds with
gradational base; forms vertical cliffs with
smooth weathering

8. Sand, grayish orange pink (5YR7/2), very
coarse to fine grained, poorly sorted, sub-
angular quartz, with ferromagnesian min-
erals, weak cement, irregular beds with
gradational base; forms vertical cliffs,
weathers hackly

7. Siltstone (as 11)

6. Silty mudstone, grayish orange pink (5YR7/2)
to moderate orange pink (5YR8/L), silty to
clay texture, subrounded. quartz with ferro-
magnesian minerals, well cemented by clay,
flat beds with gradational bases; forms ir-
regular cliffs with blocky weathering

92

1.0

1.9

1.0

1.2

5.0



Section BC -- Continued

5, Sandy conglomerate, prayish orange pink
(5YR7/2), very coarse to silty texture,
fair sorting of subrounded to angular
quartz with ferromagnesian minerals and.
volcanic rocks, weak clay cement, flat
bedded with irregular base; forms ir-
regular cliffs with knobby to hackly
weathering

4, Sandy siltstone grading to sand on the base,
grayish orange pink (5YR7/2), coarse grained
to silty texture, fair sorting of subrounded
quartz with ferromagnesian minerals; medium,
argillaceous cement; massive with sharp
base, forms vertical cliffs with blocky
weathering

3, Siltstone, grayish orange pink (5YR7/2),
silty texture, fair sorting of subrounded
quartz with ferromarneSiafl minerals; medium
argillaceous cement; massive with gracla-

tional base; forms vertical cliffs and

weathers smooth

2. Silty sandstone, grayish orange pink (5YR7/2),

medium grained to silty texture, poorly
sorted, subangular, medium argillaceous ce-

ment, massive with irregular base; forms ir-
regular cliffs with blocky weathering

1. Gypsum, pinkish gray (5yR8/l), coarse grained,

poorly sorted, well cemented, flat bed with

concealed. base; forms irregular cliffs,

weathers blocky

Total thickness Sacaton
Total thickness QuiburiS
Total section
Elevation of base of section
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Stratigraphic Section KC

Located in SW*,NW T1OS, R18E on the north wall of
Kielberg Canyon; approximately 2,5 miles east of the San
Pedro River; elevation of the base of the section is
2892.9 feet above sea level.

Unit Thickness
No. Lithology in feet

Erosion Surface

Sacaton Formation and Post Sacaton gravel
(undifferentiated) (Pleistocene)
Top 26.8 feet Sacaton gravel above terrace.

6L. Boulder conglomerate, brownish gray (5YR6/l)
to light gray (N?) very coarse, poorly sort-
ed volcanic rocks, rounded to angular, weak
carbonate cement, forms flat mesa and ter-
race cap, deep red soil

Erosion Surface

Quiburis Formation (Pliocene)

63. Sandy siltstone, grayish orange pink,
(5YR7/2), coarse to silt texture, fair sort-
ing, subangular to subrounded, firm argil-
laceous cement, massive with gradational
base; forms vertical cliffs, weathers
smooth

62. Siltstone, grayish orange pink (5YR7/2),
silty texture, well sorted, firm argil-
laceous cement, massive with gradational
base, forms vertical cliffs, weathers

smooth

61. Alternating silt and mudstone, grayish orange

pink (SYR7/2), fair sorting, silt to clay

texture argillaceous cement flat bedded with

sharp base; forms cliffs with irregular

weathering

60. Conglomerate; medium light gray (N6), very

coarse grained. subangular to angular, poorly

sorted volcanic rocks; weak argillaceous
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Section KC -- Continued

cement; manganese stains, wedge shapedcross beds less than 1' thick; sharp base,forms vertical cliffs, weathers knobby 1.3

59. Silty mudstone, grayish orange pink (5YR7/2),silt arid clay texture, subrounded, well sort-ed, firm argillaceous ceme-rit, flat beds withgradational base, forms vertical cliffs,weathers blocky
58. Calcareous siltstone, grayish orange pink

(5YR7/2), silty texture, subrounded. to sub-angular grains, fair sorting, firm calcare-
ous cement, common carbonate nodules; ir-
regular base; forms irregular cliffs and
weathers knobby 1.0

57. Siltstone, grayish orange pink (5YR7/2),silty texture, subrourided grains, well sort-
ed, firm argillaceous cement, massive bed
with gradational base; forms verti'al cliffs,
weathers smooth

56. Silty mudstone, (as 59) 4.0

55. Siltstone, (as 57) 3.7

54. Tuffaceous siltstone, grayish orange pink
(5YR7/2), silty texture, subrounded to
angular grains, well sorted, weak argil-
laceous cement, massive bed with sharp
base; forms vertical cliffs, weathers
pitted 1.0

53. Siltstone, (as 57)

52. Sandy siltstone, grayish orange pink (5YR7/2),
very coarse to silt texture, subangular
grains, poor sorting, firm argillaceous ce-
ment, massive with sharp base; forms rolling
slope with rounded weathering

51. Sandy conglomerate, grayish orange pink
(5YR7/2), very coarse to very fine grained,
subangular, poorly sorted, firm silica
cement, flat bedded, sharp base; forms verti-
cal cliffs, weathers knobby
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Section KC -- Continued

50. Calcareous siltstone, (as 58)

49. Siltstone, (as 57)

48. Sandy siltstone, (as 52)

47. Calcareous siltstone, (as 58)

46. Siltstone, grayish orange pink (5YR7/2),
silty texture, subangular, well sorted, weak
calcareous cement, massive, gradational base;
forms vertical cliffs, weathers smooth

45. Conglomeritic sand, grayish orange pink
(5YR7/2), very coarse grained to silt, sub-
rounded to angular poorly sorted, firm car-
bonate cement, common carbonate nodules,
massive with gradational base; forms verti-
cal cliffs, weathers knobby

44. Sandy siltstone, grayish orange pink
(5YFi7/2), medium grained to silty texture,
subangular, fair sorting, weak carbonate
and argillaceous cement, massive with gra-
dational base, forms vertical cliffs,
weathers blocky

43. Siltstone, grayish orange pink (51R7/2),
silty texture, well sorted, firm argil-
laceous cement, massive, sharp base, forms
vertical cliffs, weathers smooth

42. Sandy conglomerate, grayish orange pink
(5YR7/2) very coarse to very fine grained,
subrounded to angular, poor sorting, weak
argillaceous cement, flat bedded with ir-
regular base; forms rounded cliffs,
weathers knobby

41. Siltstone, (as 43)

40. Silty tuff, light gray (N7), silty texture,

fair sorting, angular to subangular, weak
argillaceous cement, flat, very thin beds

with gradational base; forms vertical

cliffs, weathers blocky
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Section KC -- Continued

39. Siltstone (as L3)

38. Conglomeritic sand, grayish orange pink
(5YR7/2), very coarse to silty texture, poor
sorting, subrounded to angular, firm cal-
careous cement, common carbonate nodules,
massive, sharp base; forms irregular cliffs
with knobby weathering

37. Sandy conglomerate, grayish orange pink
(51R7/2), very coarse to silty texture,
poorly sorted angular to subangular parti-
cles. Firm carbonate cement, common car-
bonate nodules, massive with sharp base;
forms irregular cliffs with knobby
weathering

36. Tuff, white (N-9) to very light gray (N8),
very fine grained, angular, well sorted,
firm silica cement, flat beds with sharp
base; forms vertical cliffs, weathers
blocky

35. Conglomeritic sandstone, grayish orange
pink (5YR7/2), very coarse to fine grained
subrounded to subangular, poorly sorted,
very hard silica cement, flat bedded with
irregular base; forms vertical cliffs,
weathers smooth

324, Silty mudstone, grayish orange pink (5YR7/2),
silt to clay texture, well sorted, firm
argillaceous cement, massive, sharp base;
forms vertical cliffs with blocky weather-
I ng

33. Siltstone, grayish orange pink (SYR7/2),
silty texture, well sorted, weak argil-
laceous cement, massive, sharp base; forms
vertical cliffs with blocky weathering

32. Sandy conglomerate, grayish orange pink
(5yR7/2), very coarse to very fine grained,
subrounded to angular, poor sorting, firm
argillaceous cement, massive, with ir-
regular base; forms vertical cliffs with

knobby weathering
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Section KC -- Continued

31. Siltstone (as 33)

30. Mudstone, grayish orange pink (5yR7/2), clay
texture, well sorted, firm argillaceous ce-
ment, flat bed with sharp base; forms ir-
regular cliffs with blocky weathering

29. Siltstone, (as 33)

28. Sandy conglomerabe, (as 32)

27. J4uddy siltstone, grayish orange pink (5YR7/2),
silt to clay texture, fair sorting, hard
argillaceous cement, massive with gradational
base; forms vertical cliffs with blocky
weathering

26. LImestone, white (N9), well sorted, firm car-
bonate cement, massive with sharp base; forms
vertical cliffs with smooth weathering

25. Sandy conglomerate, (as 32)

2)4, Sandstone, grayish orange pink (5YR7/2), very
fine grained, subrounded, well sorted, firm
argillaceous cement, massive with gradational
base; forms vertical cliffs with rounded
weathering

23. Sandy conglomerate, (as 32)

22. Siltstone, grayish orange pink (5YR7/2), silty
texture, well sorted, subrounded to sub-
angular, firm argillaceous cement, massive
with irregular base; forms vertical cliffs
with blocky weathering

21. Sandy conglomerate, grayish orange pink
(5YR7/2), very coarse to very fine grained,
poorly sorted, firm carbonate cement, ir-

regular beds with sharp base; forms vertical
cliffs with knobby weathering

20. Siltstone, (as 22) 3.7
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Section KC -- Continued

19. Siltsone, grayish orange pink (SYR7/2),
silty texture, subrounded to subangular,
well sorted, weak argillaceous cement,
massive with flat base; formn vertical
cliffs with smooth weathe]'tng

18. Conglomeritic sand, light gray (N7) to gray-
ish orange pink (5YR7/2), coarse to very
fine grained, subrounded to subangular, fair
sorting, firm argillaceous cement, massive
with sharp base; forms vertical cliffs,
knobby weathering

17, Sandstone, (as 2Li-)

16. Conglomeritic sandstone, grayish orange pink
(5YR7/2), coarse to very fine grained, sub-
rounded, fair sorting, hard carbonate cement,
massive with irregular base; forms vertical
cliffs with knobby weathering

15. Siltstone, grayish orange pink (5YR7/2),
silty texture, well sorted, firm carbonate
cement, massive with flat base; forms verti-
cal cliffs with smooth weathering

lLi. Sandy conglomerate, grayish orange pink
(5YR7/2), very coarse to silty texture,
subangular to angular, poor sorting, weak
argillaceous cement, flat bedded with ir-
regular base; forms vertical cliffs with
knobby weathering

13. Sandy siltstone, grayish orange pink (5YR7/2),
medium grained to silty texture, subrounded
to subangular, poor sorting, firm argillaceous
and carbonate cement, common lenses of sand
and gravel flat bed, sharp base; forms rounded

cliffs, weathering smooth

12. Sandstone, pinkish gray (5YR8/1), medium to

fine grained, subroundeci- to subangular, well
sorted, hard carbonate cement, quartz with

ferromagnesian accessories, massive with ir-

regular base; forms vertical cliffs with

knobby weathering
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Section KC -- Continued

11. Sandstone with occasional granules, grayish
orange pink (5YR7/2), fine grained, sub-
rounded to subangular, fair sorting, firm
argillaceous cement, massive with sharp base;
forms vertical cliffs with knobby weather-
i ng

10. Conglomeritic sand, grayish orange pink
(51R7/2), to moderate orange pink (l0R7/L),
very coarse to silty texture, subrounded to
angular volcanic rocks and quartz, poor
sorting, firm argillaceous cement, flat bed
with sharp base, forms vertical cliffs with
knobby weathering

9. Sandy siltstone, (as 13)

8. Sandstone with occasional granules (as 11) - 0.8

7. Siltstone, moderate orange pink (l0R7/14),
silty texture, well sorted, firm argillaceous
cement, massive with sharp base, forms round-
ed cliffs with smooth weathering

6 Sandy gravel, grayish orange pink (5YR7/2),
to moderate orange pink (10R7/1+), very coarse
to silty texture, subangular to angular, fair

firm argillaceoussorting, cement, massive

5.

3.

2,

1.

1.7

with irregular base, forms rounded cliffs
with knobby weathering 5L

Sandy siltstone, (as 13) 0.8

Sandy gravel, (as 6) 2,3

Siltstone, (as 7) 1.5

Conglomeritic sandstone, (as 10) 8.3

Sandy siltstone, (as 13) base concealed in
wash 1.5

Total thickness of Sacaton arid terrace
gravel 110.?

Total thickness of uiburis Formation 11'7.2

Total thickness of section 257.9
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Stratigraphic Section HC - 1

Located in the SE*,SSt,SW-, si8, T9S, R18E on the south
wall of Honeycomb Canyon; approximately 1.5 miles east of
the San Pedro River; elevation at the base of the section
is 2734.8 feet above sea level.

Base of Post Sacaton Terrace

Unit Thickness
No. Lithology in feet

Erosion Surface

Quiburis Formation; Redington member (Pliocene)

43. Tuff, very light gray (N8), very fine grained,
composed of angular, well sorted glass f rag-
merits, very weakly cemented, massive, flat
bedded, with sharp, flat base, forms a roll-
ing slope, weathering pitted

42. Diatomite, white (N9), with greenish gray
(5GY6/1), chert nodules and lenses, very fine
grained, fair sorted, firmly cemented by cal-
cium carbonate and silica; massive beds with
sharp base, forms vertical cliffs and
weathers blocky

41. Chert, greenish gray (5GY6/l), with iron
stains; hard, silica cement, massive, sharp
base, forms vertical cliffs and weathers
blocky to knobby

40. Diatomite, white (N9), very fine grained,
well sorted, firmly cemented by silica, mas-
sive beds with sharp base, forms vertical
cliffs and has blocky weathering

39. Diatomite, white (N9), with greenish yellow
(1017/4), chert nodules and lenses, very

fine grained, well sorted, firmly cemented

by silica, massive bedding, sharp base, forms

vertical cliffs and displays blocky weath-

e ring
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Section HC - 1 -- Continued

38. Chert, moderate greenish yellow (l0y?/Li),
hard silica cement, inclusions of green-
ish gray (5GY8/l), chert, flat bedded,
sharp base, forms vertical cliffs and
displays blocky weathering

37. Diatomite, white (N9), very fine grained,
well sorted, firmly cemented by silica,
massive beds with sharp base; forms verti-
cal cliffs and displays blocky weathering

36. Chert, greenish yellow (1017/Li-), hard, silica
cement, inclusions of greenish gray (5GY8/l),
chert, flat bedded, forms vertical cliffs and
displays blocky weathering

35. Diatomite, white (N9), very fine grained,
well sorted, firmly cemented by silica, mas-
sive bed with sharp base, forms vertical
cliffs and displays blocky weathering

34. Chert, greenish yellow (10Y7/4), hard silica
cement, inclusions of greenish gray (5GY8/l),
chert, flat bedded with a sharp base, forms
vertical cliffs and displays blocky weath-
e ring

33. Tuff, varies from white to light gray (N9-N7),

very fine grained, well sorted, very weak
silica cement, has gnarled, very thin beds,

with a gradational base, forms vertical cliffs

and weathers smooth

32. TuffaceoUs mudstone, varies from grayish

yellow (5Y8/4), to pale greenish yellow
(10Y8/2), silt and clay texture of sub-

angular particles, fair sorting, firm,
argillaceous cement, common tuff inclu-

sions, flat, very thin bedding with an ii'-

regular base, forms vertical cliffs and

displays blocky weathering

31. Laminated silt, light gray (N7), silt tex-

ture, well sorted subangular particles with

weak, argillaceous cement, primarily quartz
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Section HC - 1 -- Continued

with mica and ferromagnesiari accessory mm-
erals, flat bedded with sharp base, forms
irregular cliffs and displays blocky weath-
e ring

Jo. Sandy silt and mudstone, yellowish gray
(5y7/2), coarse grain to clay texture with
poor sorting, firm argillaceous cement,
very thin, flat beds with sharp base, forms
vertical cliffs and displays blocky weath-
e ring

29. Mud.stone, yellowish grat (5Y7/2), clay tex-
ture with fair sorting and weak argillaceous
cement, irregular bedding with sharp base,
forms irregular cliffs and displays blocky
weathering

28. Sandy siltstone, pale yellowish brown
(lOYR6/2), medium grain to silt texture, sub-
angular particles with fair sorting, weak
argillaceous cement, micaceous and ferromag-
nesian accessories, thin, alternating beds of
sand and sandy silt with a gradational base,
forms irregular cliffs displaying knobby

weathering

27. Laminated siltstone, pale yellowish brown
(10YR6/2), silt texture, of subangular, well

sorted particles, weak argillaceous cement,

micaceoUs, ferromagneSian, and argillaceous
accessories, massive bedding with sharp base,

forms irregular cliffs displaying knobby

weathering

26. Sjltstone, pinkish gray (51R8/l), silt tex-

ture, fair sorting, firm argillaceous ce-

ment, massive bedding with irregular base,

forms irregular cliffs displaying blocky

weathering

25. Sandy siltstone, pinkish gray (5YR8/l),

medium grains to silt texture, well sorted

subangular particles with weak argillaceous

cement, common pebble inclUSiOns, massive,

with irregular base, forms irregular cliffs

displaying blocky weathering
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Section HO - 1 -- Continued

2L, Siltstone, pinkish gray (51R8/1), silt
texture, fair sorting, with firm argil-
laceouS cement, massive, with gradational
base, forms vertical cliffs and weathers
smooth

23. Alternating siltstone and mudstone, pinkish
gray (5YR8/l), silt to clay texture, well
sorted with firm argillaceous cement, flat,
thin beds with gradational base, forms ir-
regular cliffs and displays knobby weath-
ering

22. Siltstone, pinkish gray (51R8/l), silt texture,
subangular, fair sorting with firm argillaceous
cement, massive with an irregular base, forms
vertical cliffs, exhibits blocky weathering -

21. fuff, grayish orange pink (10118/2), very fine
texture, angular, well sorted, very weak ce-
ment, massive, sharp flat base, forms ir-
regular cliffs, exhibits knobby weathering --

20. Tuffaceous, sandy, rnudstone, grayish orange
pink (51117/2), medium grain to silt texture,
fair sorting with weak argillaceous cement,
accessory minerals of mica, ferromagnesian,
argillaceous material, flat bedded, massive,

sharp base, forms irregular cliffs and dis-

plays irregular weathering

19. Sandy siltstofle, grayish orange pink (51117/2),

silt texture, fair sorting, firm argillaceous
cement, mica and ferromagneSian accessory min-

erals, massive, irregular base, forms vertical

cliffs and weathers smooth to blocky

18. Sandy gravel, grayish orange pink (51117/2),

very coarse grain to very fine, subangular,

fair sorting weak argillaceous cement,

pebbles composed of rhyolite and gypsum,

massive with sharp, flat base, forms ir-

regular cliffs and displays knobby weath-

ering; good aquifer
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Section HC - 1 -- Continued

17. Siltstone, grayish orange pink (5YR7/2),
silt texture, poor sorting, firm argil-.
laceous cement, mica, ferrornagnesian,
argillaceous accessory minerals, massive,
thick bedded with gradational base, forms
vertical cliffs, weathers smooth

16. Sandy gravel, (as 18)

15. Siltstone, (as 17) 2.8

Gypsum, white (N9), well sorted, hard
gypsiferous cement; massive, irregular base,
forms irregular cliffs and weathers smooth 2,0

13. GypsiferoUS mudstone, grayish orange pirdc
(5yR7/2), at base to moderate greenish yel-
low (l0Y7/4), at the top, clay texture, fair
sorting, firm argillaceous and gypsum cement,
irregular bedding, sharp base, forms verti-
cal cliffs with blocky weathering

12. Gypsum, white (N9), well sorted, hard gypsum
cement, massive, flat bedded with a sharp
base forms vertical cliffs and weathers
smooth

11. Tuff, light gray (N?), very fine, angular,
well sorted, very weakly cemented, flat bed-
ded with sharp base, forms vertical cliffs,

weathers smooth

10. Nudstone, pale olive (10Y7/2), clay texture,
well sorted, firm argillaceous cement, mas-

sive with irregular base, forms vertical
cliffs, weathers blocky

9. Gypsum, white (N9), clay to very fine texture,
well sorted, hard gypsum cement, massive,

flat, gradational base, vertical cliffs,

weathering smooth

8. Sand, pale red (10R6/2), fine grained, sub-

angular, subrounded, well sorted, weak argil-

laceous cement, quartz with mica, ferromag-

nesian, argillaceous accessories, flat, very

thin beds, sharp flat base, forms irregular

cliffs, weathering smooth
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Section HC - 1 -- Continued

7. Gypsum, white (N9), well sorted, firm
gypsum cement, micaceous accessory, mas-
sive, flat beds with irregular base, forms
vertical cliffs and weathers knobby 0.5

6. Sand, (as 8) 0.5

5. Sandy mudstone, grayish orange pink (10R8/2),
fine grained to clay texture, subrounded,
well sorted sand layers with mud-stone be-
tween, firm to weak argillaceous cement,
mica accessories, gnarled, very thin beds
with irregular base, forms irregular cliffs,
displays blocky weathering 0.7

Lj Sand, pale red. (1OB.6/2), coarse to very fine
grained, subangular, fair sorted, weak argil-
laceous cement, quartz with mica, ferromag-
nesian and argillaceous accessory minerals,
wedge crossbedding, 0-1', of fluvial nature,
sharp base, forms irregular cliffs and
weathers knobby; good. aquifer 0.7

3. Gypsum, white at base (N9). to moderate
orange pink (lOR7/), at top, well sorted,
firm gypsum and carbonate cement, massive
flat bed. with gradational base, forms verti-
cal cliffs and displays knobby weathering --

2. Tuff, light gray (N7), very fine grained,
angular, well sorted, very weak cement, very
thin beds with sharp base, forms vertical
cliff and weathers irregularly

1. Siltstone, pale greenish yellow (10y8/2),
silt texture, well sorted firm argillaceous
cement, flat bed, sharp base, forms vertical
cliffs with smooth weathering

l0

Base of section in wash
Total thickness
Elevation base of section

57.2
2784.8

1.0
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Stratigraphic Section HO - 2

Located in S18,T9S,R18E, approximately 200 yards east of
section HO - 1; elevation at the top of the section is
3071.7 feet above sea level.

Unit
No. Lithology

Erosion Surface

Sacaton Formation (Pleistocene)

56. Boulder conglomerate, brownish gray (5YR6/l),
to pale red (10R6/2); very coarse (up to 2
ft. diameter) poorly sorted volcanic rocks
subrounded-angular, very weak carbonate ce-
ment, very thick beds with lenticular cross
bedding, gradational base forms irregular
ledges, weathers knobby; good aquifer if
not dissected

55. Sandy conglomerate, yellowish gray (5Y7/2),
very coarse to silt, poorly sorted, sub-
rounded to angular, irregular bedding with
gradational base, forms irregular slope
with knobby weathering

5L., Silty sandstone, pale red (lOR6/2), very
coarse grains to silt, poorly sorted, sub-
angular-subrounded; quartz with ferromag-
nesian accessories, weak calcareous cement,
flat laminated beds with irregular base,
forms rolling slope and knobby weathering --

53. Silty sandstone, grayish orange pink
(5YR7/2) with abundant caliche nodules,
medium grainecl silt, poorly sorted, sub-
angular, quartz with ferromagnesian acces-
sories, weak, calcareous cement, flat bed-
ded with gradational base, forms rolling
slope and weathers round

52. Calcareous sand, grayish orange pink
(5YR7/2), fine grained-silt, fair sorted,
sub-rounded quartz with frromagnesian ac-
cessories, well cemented with carbonate,
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Section HC - 2 -- Continued

flat, thin beds with gradational base,
forms irregular slope displaying knobby
weathering

51. Silty sand, grayish orange pink (5YR7/2),
medium grain to silt, poor sorted subangular
to subrounded quartz with ferromagnesian ac-
cessories, weak calcareous cement, flat beds
with gradational base, forms rolling slope
with smooth weathering

50. Silty sand, (as 6) with abundant carbonate
nodules 1.0

49. Silty sand, grayish orange pink (5YR7/2),
fine grained. to silt, subrounded. to sub-
angular, poorly sorted quartz with ferro-
magnesian accessories, well cemented. with
carbonate; flat bedded with gradational
base, forms rounded cliffs with knobby
weathering

48. Conglomeritic sand, grayish orange pink
(5YR7/2), very coarse to fine grained, sub-
angular, fair sorting, quartz sand with
volcanic pebbles, ferromagnesian accessories,
well cemented by carbonate, massive flat beds
with flat base, forms irregular cliffs with
knobby weathering

47. Silty sand with abundant carbonate nodules
at top, grayish orange pink (5YR7/2), very
fine grain to silt, fair sorting, subangular
to subrourided. quartz with ferromagnesian
accessories, well cemented with carbonate,
flat bedded, massive, with sharp base, forms
vertical cliffs with knobby weathering

46. conglomeritic sand, (as 48)

+5. Silty sand, (as 47) abundant calcareous
nodules

44. Conglomeritic sand, (as 48)
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Section HO - 2 -- Continued

43. Silty sand, (as 47) abundant calcareous
nodules

LJ.2. Silty sand, (as 47) no calcareous nodules --

41. Calcareous sand, grayish orange pink
(.5YR7/2), medium to fine grained, poorly
sorted, subangular to subrounded quartz with
ferromagnesian accessories, well cemented by
carbonate, flat massive bed with gradational
base, forms irregular cliffs and has a
knobby weathering character 1.9

40. Silty sand, (as 42) 2.8

39. Calcareous sand, (as 41) 1.0

38. Silty sand with occasional calcareous nod-
ules, grayish orange pink (5YR7/2), fine
grained to silt, fair sorting, subangular
to subrounded quartz with ferromagnesian
accessories, well cemented by carbonate,
flat thin beds with gradational base, forms
rounded cliffs with smooth weathering 5.3

37. Silty sand with abundant carbonate nodules,
grayish orange pink (5YR7/2), very fine
grained to silt, fair sorting subrounded
quartz, with ferroniagnesian accessories,
medium cement by carbonate, massive, flat
beds with gradational base, forms rounded
cliffs with knobby weathering

36. Sand, grayish orange pink (5YR7/2), medium
grain, poorly sorted quartz with ferromag-
nesian minerals and carbonate nodules,
laminated with irregular base, forms verti-
cal cliffs with knobby weathering

35. Sand, pale greenish yellow (10Y8/2), very
fine grained, poorly sorted, subangular
quartz with ferromagnesiafl accessory min-
erals, weakly cemented by carbonate flat
bedded with sharp base; forms rounded

cliffs and weathers blocky
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Section HC - 2 -- Continued

3L Silty sand with calcareous beds and nodules,
grayish orange pink (5YR7/2), very fine
grained to silty texture, poorly sorted, sub-
rounded to subangular quartz with ferrornag-
nesian accessory minerals well cemented by
carbonate, flat bedded with sharp base, forms
vertical cliffs, weathers smooth to knobby -

33. Conglomeritic sand, grayish orange pink
(5YR7/2), very coarse to very fine grained,
poor sorting, subangular quartz, with ferro-
magnesian accessories, volcanic pebbles,
very weak calcareous and argillaceous cement,
irregular beds with sharp base, forms verti-
cal cliffs with knobby weathering

32. Sandy silt, pale greenish yellow (10Y8/2),
very fine grained to silty texture, poorly
cemented, subrounded to subangular quartz
with ferromagnesian accessory minerals,
medium hard argillaceous cement, massive
flat beds with gradational base, forms
vertical cliffs, weathers smooth

31. Silty sand with calcareouS nodules, pale

greenish yellow (10Y8/2), (as 32) wIth ir-

regular base

30. Conglomeritic sand, (as 33) 0.7

29. Silty sand, grayish orange pink (5YR7/2),
very fine grained to clay texture, poorly

sorted quartz with mica and ferrornagnesian

minerals, medium calcareOUS cement, massive

flat bedded with gradational base, forms

rolling slope with smooth weathering 2.0

28. conglomerate, grayish orange pink (5YR7/2),

very coarse to fine grained, angular to sub-

angular, poorly sorted volcanic rocks and

quartz sand, irregular flat bed with flat

base, forms vertical cliffs with knobby

weathering 0.7
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Section HC - 2 -- Continued

27. Sand, grayish orange pink (5YR7/2), fine
to very fine grained., subangujar to sub-
rounded, poorly sorted quartz with micas
and ferromagnesian minerals, weakly ce-
mented by carbonate, flat bedded with gra-
dational base, forms irregular cliffs,
weathers knobby 2.0

26. Sand, (as 27) but laminated, with grada-
tional base 1.0

25. Sand with occasional gravel lenses, grayish
orange pink (5Yi7/2), very coarse to fine
grained, subangular, poorly sorted quartz
and volcanic rocks with micas and ferromag-
nesian accessories, very weak calcareous
cement, irregular beds with sharp base,
forms irregular slope weathering smooth 12.6

2Li.. Sandy mudstone, pale greenish yellow
(loy8/2), medium grained to silty texture,
poorly sorted, round to subangular quartz
with rnicas and ferromagnesian minerals, well
cemented by argillaceous material, flat beds
with flat base, form irregular cliffs
weathers blocky Q7

23. Sand, (as 25) 9.0
22. Conglomeritic sand, grayish orange pink

(5YR7/2), very coarse to very fine texture,
poorly sorted subangular to angular volcanic
rocks with quartz and. ferromagnesian min-
erals, very weak carbonate cement, flat
bedded with irrezular base, forms irreular
cliffs, weathers knobby 1.3

21. Sand, (as 25) 2.0

20. Congloineritic sand, (as 22) 0.3

19. Silty sand, grayish orange pink (5yR7/2),
fine grained to silty texture, poorly sorted
subrounded to subangular quartz with ferro-
magnesian accessories, medium hard
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Section HC - 2 - Continued

calcareous cement;, flat bedded with sharp
base, forms irregular cliffs, weathering
knobby

Erosion Surface

Quiburis Formation: Redington member (Pliocene)

18. Diatomaceous earth, white at top (N9), to
moderate greenish yellow (1017/4), at base,
very well cemented, massive beds with gra-
dational base, forms vertical cliffs,
weathering smooth

17. Conglomeritic sand (.9 ft.) grading upward
into tuffaceous sand (1.3 ft.), dusky yel-

low (5y6/4), to moderate yellowish green
(1017/4), very coarse to very fine texture,
fair sorting of subrounded to angular tuff,

volcanic rocks, and quartz with ferromag-
nesian minerals, flat bedded with irregular

base, forms irregular cliffs weathering
hackly

16. Gypsiferous siltstone, pale greenish yellow
(10y8/2), silty texture, fair sorting, well

cemented by gypsum, massive with irregular
base, forms irregular cliffs weathering

blocky

15. Conglomeritic sand with interbedded silt-

stone, grayish orange pink (.5YR7/2), very

coarse to silty texture, subangular to

angular volcanic rocks and quartz with

ferromagnesian minerals, uncemented, len-

ticular beds with sharp, irregular base;

forms Irregular cliffs weathers hackly

14. Sandstone, grayish orange pink (5YR7/2),

at top, to pale greenish yellow at base

(10Y8/2), very fine grained well sorted

subrounded to subangular quartz with ferro-

magnesian minerals, weak argillaceous ce-

ment, flat bedded with gradational bases,

forms irregular cliffs with blocky weath-

e ring
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Section HC - 2 -- Continued

13. Conglomeritic sand, grayish orange pink
(5YR7/2), very coarse to very fine grained,
poorly sorted subrounded to subangular
volcanic rocks and quartz with ferromag-
nesian minerals, flat bedded with irregular
base, forms irregular cliffs with knobby
weathering

12. Alternating silt and sand, grayish orange
pink (5YR7/2), to pale greenish yellow
(l0Y8/2), very fine grained to silty tex-
ture, weak gypsum cement, flat, thin beds
with sharp base, forms vertical cliffs,
weathers blocky

11. Silty mudstone, pale greenish yellow
(l0Y8/2), silty to clay texture, weak argil-
laceous and gypsum cement, flat beds with
irregular base, forms irregular cliffs,
weathers blocky

10. Conglomeritic sand, (as 13)

9. Alternating sjltstone and carbonate nodules,
grayish orange pink (5YR7/2), to pale green-
ish yellow (10y8/2), silty texture, fair
sorting, weak argillaceous and calcareous
cement, flat beds with gradational base,
forms irregular cliffs, weathering blocky

8. Sand. grading upward to silt and calcareous
nodules, grayish orange pink (5YR7/2),
coarse grained to silty texture, fair sort-
ing of subrounded to subangular quartz with
ferromagnesian accessories, well cemented
by carbonate and argillaceous material, flat

beds with sharp base, forms irregular cliffs,

weathers knobby

7. Conglomerate grading upward to sand, grayish

orange pink (5yR7/2), very coarse to medium
gralned, fair sorting of subangular to sub-

rounded volcanic rocks, quartz, and. ferro-

magnesian minerals, weak carbonate cement

flat bedded with sharp base, forms irregular

cliffs, weathers knobby
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Section HO - 2 -- Continued

6. Interbedded sand and silt, (as 12)

5, Conglomerate gradinc up to silt, grayish
orange pink (5YR7/2), very coarse to silty
texture, well sorted, subangular to angular
volcanic rocks and quartz with ferromag-
nesian minerals, very weak argillaceous
cement, irregular beds with sharp base,
forms irregular cliffs with hackly weath-
e ring

Silty sand, grayish orange pink (5YR7/2),
very fine to silty texture, fair sorting of
quartz with ferromagnesian minerals, weak
argillaceous and gypsum cement, flat beds
with sharp base, forms vertical cliffs,
weathers smooth

3. Sandstone, very light gray (N8), very coarse
to fine grained, subrounded to angular, fair
sorted quartz and ferromagneSiafl minerals,
very well cemented by carbonate, flat bedded
with irregular base, forms vertical cliffs,
weathers smooth

2. Gypsiferous silt with calcareoUS nodules,

white (N9), to pale greenish yellow (10Y8/2),

silty texture, poorly sorted, weak carbonate
and gypsum cement, flat beds with irregular

base, forms irregular cliffs, weathering

smooth

1. Gypsum, white (N9), massive with base

concealed by wash bed.

Thickness Sacaton
Total thickness QuibUl'iS
Total thickness Section
Elevation at top of section

llL

6.0

1.0

3.L!.

0.2

3.3

137.4
52.6
190.0

3071.7
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