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STRATIGRAPHY AND SEDIMENTOLOGY OF THE
UPPER SAFFORD BASIN SEDIMENTS
by
Jerry Harbour

ABSTRACT

The upper Safford basin is a depositional sub-basin within an
elongate structural trough in southeastern Arizona.

Basin Fill sedi

ments are continuous with those in adjacent sub-basins, but interpre
tations of well-log data indicate that a semi-independent depositional
record probably resulted from local subsidence of the basin floor in
the vicinity of Safford.

Rock units in the basin were classified into

three broad categories according to stages of basin history:

(1) moun

tain block and basement rocks, (2) Basin Fill, and (3) degradational
stage deposits, laid down after initial cutting of an outlet gorge by
the Gila River.

Mountain block and basement rocks range in age from

Precambrian to late Tertiary, and are predominantly igneous in origin.
Degradational stage deposits are middle Pleistocene, and younger, in
age, and consist of a thin cover of generally coarse-grained materials
widely overlying the Basin Fill.

They probably were derived largely by

reworking and letting-down of coarse sediments contained in the upper
Basin Fill.
The Basin Fill was the chief topic of investigation.

Three

major textural divisions were recognized, two in the subsurface and
xi

xii
one in the surface exposures.

The two lower textural divisions con

sisted of a basal coarse-grained facies, at least 2,300 feet thick*
overlain by two largely lacustrine facies:

an argillaceous evaporite

facies, at least 1,100 feet thick, and a predominantly green clay
facies, 400 to 800 feet thick, which is partly exposed in the center of
the valley.

The two lower textural divisions are referred to as the

"lower Basin Fill".

The upper, or mixed-textured, division is referred

to as the "upper Basin Fill", and is represented by three main facies
and a marker tuff unit.

These facies were deposited in a great variety

of floodplain, channel, piedmont, and lacustrine environments.

The

total thickness of the upper Basin Fill, prior to degradation, probably
exceeded 600 feet near the center of the basin, and is more than 800
feet in some piedmont localities.

Another unit, the red facies, consists

of predominantly fine-grained alluvial sediments in the northwest part
of the basin which are equivalent in age to most facies of both the
lower and the upper Basin Fill.

Calcareous deposits, treated as a

facies, are represented mainly by a few limestone beds in the upper
part of the lower Basin Fill, and by interstitial carbonates which are
widely developed through the lower 150 feet of upper Basin Fill clastic
facies.

The boundary between the lower and the upper Basin Fill is

believed to represent the Pliocene-Pleistocene time-stratigraphic
boundary.
Acquisition of the upstream drainage area of the C 1ifton-Duncan
basin during the early or middle Pleistocene probably is indicated by
Very thick-bedded, voluminous silt, which contains channel conglomerates
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of volcanic boulders, and was deposited at the mouth of the gorge where
the Gila River enters the upper Safford basin.

Smaller amounts of

volcanic materials were transported through the lower reaches of the
gorge prior to breaching of the upstream basin.

Breaching of the lower

Safford basin, which resulted in widespread degradation of both the lower
and upper Safford basins, is dated as middle Pleistocene, or possibly
later, by the occurrence of a vertebrate fossil transition from Blancan
to Irvingtonian faunas high in the eroded upper Basin Fill sediments
at 111 Ranch.
The proposed Pliocene-Pleistocene boundary in the Basin Fill is
based on its stratigraphic position about 200 to 300 feet below the
Blancan-Irvingtonian vertebrate faunal transition, and upon climatic
change inferred from the sedimentational record.

The nature of the

climatic change is inferred to have been from warm, humid, maritime or
near-maritime conditions to generally cooler and drier, but highly vari
able, continental conditions.

Lithologic correlation with Basin Fill in

the San Pedro basin near Benson, confirmed by vertebrate fossil correla
tions, supports the inferred role of climate in controlling sedimenta
tion after the abatement of basin orogeny.

INTRODUCTION

Purposes and General Results of Investigation

The broad objectives of this study were twofold.

The first

objective was to subdivide the basin-fill sediments into stratigraphic
units so that the history of the upper Safford Basin might be better
unraveled; the second objective was to record and interpret the widely
diverse features of continental sedimentation present in the deposits
in order to contribute to the knowledge of nonmarine geological pro
cesses.

It was intended, also, that the results of this investiga

tion would provide a broad framework for further, more detailed studies,
and would indicate the most profitable geographic and topical areas
where such research might be conducted.
This investigation was one of several interdisciplinary studies
in the program of the Utilization of Arid Lands Research Project, which
was supported largely by the Rockefeller Foundation, and conducted by
various departments of The University of Arizona and by the U. S. Geo
logical Survey.

The "Arid Lands Project" studies encompassed the

fields of geohydrology, geochronology, climatology, biology, and arche
ology.

The objectives of the project were to develop techniques which

would illuminate the basic problem of how man could make better use of
the arid areas of the earth which constitute about one-fourth the land
area.
The Safford basin and contiguous lower part of the San Simon
basin were selected for intensive study in the geohydrology pilot program
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Individual studies were designed to provide a basis for interpreting
the geologic, paleoclimatic, geomorphic, and faunal history of the
structural trough which contains the depositional basins.

Additional

studies of modern surface and subsurface hydrologic conditions, as well
as modern water-use practices, rounded out the geohydrology pilot
program.
Two important characteristics of the Safford basin which affect
the amount of field evidence available were most important in selection
of this area for detailed study.

First, erosion, initiated late in the

history of the basin, has exposed a thickness of about 1,000 feet of
Plio-Pleistocene basin fill, which allows surface investigation of the
exposed sediments.

These materials, deposited while the basin probably

was topographically closed, could be studied only by indirect, or sub
surface, methods had the basin remained unbreached and uneroded.
Second, the relatively high density of logged wells in the Safford
basin, when compared with that of most other basins, affords an addi
tional advantage of limited, yet valuable, stratigraphic control below
the exposed sections.
Two additional characteristics of the Safford basin also influ
enced its selection for detailed study.

Much of its structural and

depositional history probably has been typical of that in other intermontane basins of the arid Southwest.

Therefore, much of the information

gained from the study of the sediments in this basin should be appli
cable to other basins.

Also, an important transition of vertebrate

faunas, from Blancan to Irvingtonian, occurs high in the depositional
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sequence.

This transition provides a Pleistocene time-stratigraphic

datum for placement of events.
Investigation of the sedimentary record of the upper Safford
basin has produced information affecting several general concepts of
sedimentation and paleoclimatology in closed basins in the now-arid
Southwest.

Marked gradation of particle size, from coarse near the

mountains to fine in the center of the basin, is not a general charac
teristic of all ages of basin fill.

Instead it occurs only at certain

stratigraphic levels and at certain localities.

Fine-grained deposits

actually contact, or occur within very short distances of, the mountain
blocks through stratigraphic intervals ranging from a few feet to
several hundred feet in thickness, and along the fronts of mountains
for distances of several miles.
The transition of vertebrate faunas from Blancan to Irvingtonian is not marked by any corresponding sedimentational break, nor
can any related large-scale climatic shift be inferred from the sedi
mentary record at the locality where the faunal transition has been
studied.

However, the faunal transition occurs about 300 feet strati-

graphically above an important sedimentational break which probably is
related to a climatic change of rather great magnitude.

Therefore, the

extinction of Blancan vertebrates and the accession of Irvingtonian
forms in this area might be related to changes in climate, but to
changes which occurred, or began, well before the eventual faunal
transition took place.

Since Blancan faunas occur in sediments of

both Pliocene and Pleistocene age, elsewhere, it is possible that the
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sedimentational break below the transition could mark the PliocenePleistocene boundary.
The nature of this climatic change inferred from the sediments
of the upper Safford basin may provide a paleoclimatic basis for recog
nizing the Pliocene-Pleistocene boundary in other nonglaciated areas
of the Southwest.

It is noteworthy that the inferred nature of the

change is not from conditions of a warm and arid Pliocene to a cold and
wet Pleistocene.

Instead, the change is inferred as being from a warm

and moist, almost maritime climate to a strongly continental, semiarid
climate only slightly more humid than the present climate of the area.
It seems logical to me that orographic control of climate, combined
with epeirogenic uplift, could have exerted stronger controls upon
climates in this region than could have any controls which were directly
related to the actual presence of glaciers in the northern part of the
continent.

Climatic variations which caused glacial fluctuations during

the Pleistocene would have been imposed upon the general climatic pattern
which is interpreted as being more continental than that of the Pliocene.

Methods of Study

Investigation of sediments in continental basins is complicated
by the diversity and lateral compaction of sedimentary environments,
which results in a great variety and in rapid changes of sedimentary
facies.

Also, rapidly changing depositional conditions at any point

in the basin may result in abrupt and closely spaced vertical changes
of lithology.

Furthermore, the contact surfaces between lithologic
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units commonly represent disconformities whose magnitudes may be diffi
cult to assess.

Therefore, correlation of depositional units commonly

is difficult over distances as small as a few hundred feet.
The understanding of stratigraphic relationships took early
precedence over sedimentological analysis, and this priority of disci
plines prevailed throughout the investigation.

The description of units

in measured sections was largely confined to notations of texture, color,
bedding thickness and attitude, and of any distinctive features which
might prove helpful in establishing a correlation between sections.
Some loss of sedimentological details probably has resulted from the
shortened descriptions.

However, the great variability of lithology

within short intervals, and a strong similarity of sediments deposited
in similar environments, regardless of vertical or lateral position,
indicated that detailed descriptions of every minor lithologic change
would yield very little additional information and would consume a
great amount of time.

The additional time provided by the shortened

descriptions allowed the investigator to make a larger number of
observations over the study area.
Major depositional units were defined and classified as sedi

mentary facies.

However, only one or two of the facies are homogeneous

vertically or laterally, because of rapid and large-scale interfingering
of most facies, or because of changes in depositional environments
within the area of deposition of a single facies.

The heterogeneity

of lithologic units is characteristic, generally, of sediments in
continental basins.
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Several methods of basin-wide vertical stratigraphic control
were utilized in the study.

The general relationship between topo

graphic elevation and stratigraphic position was cautiously employed
and found to be surprisingly reliable, once the general, and the unex
pected, trends of bedding attitude were recognized.

However, in the

few areas where minor structural deformation occurred in the basin fill,
the relationship could not always be used with confidence.

Only a

single widespread major sedimentational break was recognized within the
exposed basin fill.

Its value as a stratigraphic datum was diminished

somewhat by localized contemporaneous erosion in some localities, by
gradational, rather than abrupt, vertical changes in other localities,
and by complete absence of any recognizable significant lithologic
break in the northwestern part of the basin.

Guide, or marker, beds

were objects of intensive search early in the investigation.

The guide

beds of greatest value were vitric tuffs, but even these were compli
cated by their petrographic similarity, by changes in the vertical
intervals separating them, by local omission or multiplication of tuffs,
and by the discovery of isolated, probably non-correlative, tuff beds.
Limestone beds and calcareous zones were used as stratigraphic markers
within certain intervals.

It is possible that calcareous units, and

other chemical deposits, may prove to be very useful for vertical, or
time-stratigraphic, control in continental basins.

This is because of

the possible influence of climate in controlling their contemporaneous
precipitation from surface

and near-surface water over large areas of

a basin, or even in separate basins.

Confidence in the use of the
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calcareous beds for vertical stratigraphic control was increased where
other criteria provided corroborating evidence of position.
It is unfortunate that large-scale topographic or geologic
base maps were not available during the field investigations.

Compi

lation of field data was on maps of 1:250,000 scale which did not
allow detailed mapping.

Aerial photographs, without stereographic

coverage, were available only on a short-term loan basis, and were not
used for field compilations.

The lack of these desirable base mate

rials, maps and photographs, hampered the interpretation and presenta
tion of field data.

Large-scale topographic maps (1:62,500) became

available after completion of the field investigations, but they have
been used only on a limited basis.

Location and Description of the Study Area

The Safford basin is located in southeastern Arizona in the
Mexican Highland Section of the Basin and Range Province (Fenneman,
1931).

The basins of this area differ from the typical intermontane

basins of Utah, Nevada, and California in that many no longer have
isolated, centripetal drainage systems.

In southern Arizona the cut

ting of outlet gorges and consequent regional integration of surface
drainage have resulted in erosion and exposure of thick sequences of
Pliocene and Pleistocene basin-fill sediments.

A thickness of several

hundred feet of these sediments has been exposed in the upper Safford
basin, and they comprise the chief topic of this study.
The Safford basin is part of a slightly curved structural
trough oriented roughly northwest-southeast.

The trough contains at
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least three depositional sub-basins which are the San Simon basin in
the southeast, the lower Safford basin, or San Carlos basin, in the
northwest, and the upper Safford basin in between.

The San Simon basin

is occupied by San Simon Wash and extends nearly southward from the
upper Safford basin.

The upper and lower Safford basins occupy a seg

ment of the trough that is oriented more northwestward and is occupied
by the Gila River.

This part of the trough is bounded by the Gila

Mountains and Triplets Mountain on the northeast, and by the Pinaleno,
Santa Teresa, Turnbull, and Mescal Mountains on the southwest.

The

Peloncillo Mountains, and their outlier, the Whitlock Hills, form an
eastern boundary to parts of both the northwestern and southern segments
of the trough.

These boundaries are shown on the Index Map (Figure 1),

along with other prominent geographic features of the area.
The deposits in the two parts of the Safford basin are contin
uous, but differences in the composition and distribution of facies
indicate that semi-independent sub-basins exist within the trough.
Also, the importance of volcanic activity late in the history of the
lower Safford basin is shown by the presence of interbedded basalt
flows and a high pyroclastic content of the higher basin-fill sedi
ments there.

The upper Safford basin is defined for purposes of this

study as that part of the trough from the vicinity of Fort Thomas on
the northwest to the vicinity of Sanchez Gorge and Tanque on the
southeast.
The principal drainage of the area is the Gila River, a peren
nial stream which heads in west-central New Mexico and enters the
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Safford basin at Sanchez Gorge.

San Simon Wash joins the northwestward

flowing Gila River between the towns of Solomon and Safford.

The area

drained by the Gila River and its tributaries at Safford comprises about
10,500 square miles (Melton, 1960).

The Gila River leaves the trough

about 60 miles northwest of Safford, beyond the study area, through a
spectacular gorge cut across the Mescal Mountains.

The total drainage

area of the Gila River at the outlet comprises about 12,900 square miles
(Hem, 1950).

Climate and Accessibility

The general climate of the Safford basin is arid to semiarid,
but great differences occur according to differences in elevation.
The average annual precipitation is about 9 to 12 inches in the lower
elevations between 2,800 and 6,500 feet, and snow seldom falls; summer
daytime temperatures commonly are above 100°F and winter temperatures
fall below freezing during only a few weeks each year.

Vegetation in

the lower elevations is typical of the Lower Sonoran Life Zone (Gray,
I960).

Annual precipitation in the highest parts of the Pinaleno

Mountains, which attain an elevation of 10,713 feet above, sea level,
averages around 30 inches, much of which occurs as snowfall.

Between

the two extremes of elevation, there is a general gradient of increas
ing total precipitation and decreasing temperature from the lower
elevations to the Higher.

The increasingly cooler, moister climate

of the mountains is reflected by a succession up the slopes of juniper,
ponderosa pine, and fir forests.

A few species of deciduous trees

occur mainly in riparian environments, mostly below 7,500 feet elevation.

10
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U.S. Highways 70 and 666 pass through Safford and provide access
from Globe and Phoenix to the west, Clifton to the northeast, Willcox
to the south, and Lordsburg and Las Cruces, New Mexico, to the east.
A branch of the Southern Pacific Railroad runs from Bowie on the south
east, through Safford to Globe.

Previous Work in Area

Geologic reports covering parts of the Safford basin include
those of Gilbert (1875), Schwennesen (1921), Knechtel (1936 and 1938) ,
and Bromfield and Shride (1956).

These reports provided a broad frame

work for the current investigation, but the more detailed nature of
recent investigations, greater refinement of basin-fill stratigraphy,
and changes in the stratigraphic and paleontologic nomenclature of the
Pliocene-Pleistocene boundary

require some reevaluations of many

earlier conclusions.
Much of the discussion concerning the history and the time
placement of the basin-fill deposits revolves around the "Gila conglom
erate", first named by Gilbert (1875).

Gilbert traced the conglomerate

down the Gila River to the vicinity of the Sanchez Gorge .where it merged
with the fine-grained valley deposits.

Knechtel (1936, p. 83, and 1938,

p. 197) extended the name to include all the basin-fill, but Heindl
(1962) showed that the use of the term Gila conglomerate is impractical
in any detailed investigation of valley-fill deposits, and that Gilbert's
original Gila conglomerate actually included several conglomerate units
and basalt flows of different ages.
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Knechtel (1938) also recognized a "lacustrine phase" and a
"fanglomerate phase" in the Safford basin deposits.

A similar division

was recognized by Van Horn (1957), who recorded a fine-grained phase
at higher elevations within' the valley fill.

However, Van Horn (1957,

p. 14, 16) applied Heindl's field term "Solomonsville beds" (L. A. Heindl,
personal communication) to the entire fine-grained basin-fill sequence
up to a maximum elevation of 3,580 feet.

In the present report it will

be shown that this division of the exposed basin-fill deposits into a
generally fine-grained lower "phase" and a generally coarse-grained
upper "phase" is important to the interpretation of the geologic history
of the basin.

However, the position at which the division occurs,

stratigraphically and topographically, differs in the earlier reports
from that defined in the present investigation.

Also, a simple twofold

division based upon the exposed sediments does not include the signifi
cant lithologic variations which have been recognized within the exposed
and the subsurface sediments.

Although a twofold division of the basin

fill is recognized in this report, new lithologic names are proposed
for the several facies within the two divisions.

Also, a third division,,

represented by basal elastics, is added to the lower basin fill.
The first delineation of facies, per se, within the basin fill
was made by Marlowe (1961, p. 19) in the lower Safford basin.

Marlowe

recognized two facies there, a white facies adjacent to Triplets Peak,
and a more widespread red facies which extends into the upper Safford
basin, as well.

Marlowe also reported interbedding of basalt flows

with the white facies of the basin fill, but neither the white facies.
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nor the interbedded volcanic rocks are present in the upper Safford
basin.

Marlowe attributed much of the lacustrine deposition in the

lower Safford basin to ponds and lakes caused by dams of lava and
pyroclastics.
Davidson (1961 and 1962) mapped the surficial deposits of the
upper and lower Safford basins and delineated three main facies:
terrace gravel and alluvium, basin fill, and deformed conglomerate or
gravel.

The terrace gravel and alluvium are classified in the present

report as "degradational stage deposits", and the deformed conglomerate
or gravel is thought to represent either mountain block rocks, or
marginal exposures of basin fill.

Since a strictly surficial map shows

fine-grained basin fill in the center of the basin, generally surrounded
by coarse-grained "terrace gravel", it might result in the conclusion
that lateral gradation of these two facies occurs.

However, not only

are the "terrace gravels" underlain by rather coarse-grained basin fill,
but these deposits are underlain, in turn, by the fine-grained basinfill which is exposed near the center of the basin.
The occurrence of vertebrate fossils of both Blancan and
Irvingtonian ages in the 111 Ranch stratigraphic section was first
reported by Van Horn (1957, p. 26), and these fossils have been de
scribed by Lance (1958) and more exhaustively by Wood (1962).

The

sediments at the locality were described by Van Horn (1957) , and were
the topic of investigation described in Seff's (1962) dissertation.
The time placement of the fossils at 111 Ranch is critical to the dating
of the upper part of the basin fill.

Prior to 1957 most writers
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assigned these sediments almost entirely'to the Pliocene on the basis
of the included Blancan fossils, which were then considered to be prePleistocene.

However, more recent reports favor the interpretation that

the Blancan-Irvingtonian vertebrate fossil transition occurred at some
time well into the Pleistocene Epoch, and that Blancan vertebrates were
extant during parts of both the Pleistocene and the Pliocene.

Wood

(1962) ascribed the vertebrate faunal transition at the 111 Ranch
locality to either the Kansan or the Yarmouthian stage of the middle
Pleistocene.

Both Van Horn (1957) and Wood (1962) discuss the question

of time placement of the lower boundary of the Blancan vertebrate
faunal age, but this question has not been resolved satisfactorially at
the date of this writing.

GEOLOGIC SETTING

Stratigraphic Framework

Stages of development of the Safford basin provide a simple
and natural framework for the classification of the rock units into
three categories having local time-stratigraphic significance:
Degradational stage deposits
Aggradational stage Basin Fill
Mountain block and basement rocks.
The mountain block and basement rocks are those units deposited
or emplaced generally before the formation of the basin.

They consist

of igneous, metamorphic, and sedimentary rocks of various degrees of
hardness and structural deformation, and range from Precambrian to
Tertiary in age.

The aggradational stage Basin Fill consists predomi

nantly of sediments which were deposited in the basin prior to cutting
of the outlet gorge below San Carlos; deposits of this stage were laid
down under conditions of centripetal drainage, for the most part, and
generally rising base levels.

Degradational stage deposits are sedi

ments deposited after the initiation of widespread dissection of the
Basin Fill; sediments of this stage were laid down under conditions of
regionally integrated, through-flowing drainage and irregularly lowering
base levels.

They contain much material redeposited from units of the

Basin Fill, as well as material derived directly from the older rocks
of the mountain blocks.
15
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The term Basin Fill is used in this report in a semiformal
sense.

It is a rock-stratigraphic term applied to all the appropriate

units in the basin.

None of the units within the Basin Fill was found

to be homogeneous enough to warrant designation as a formation.

Further

more, it is the investigator's opinion that little would be gained by
designation of the entire Basin Fill sequence as a formation.

The

descriptive term "Basin Fill" has the advantage of directness and
simplicity, and will not hamper the flexibility of later nomenclature!
classifications, should they be derived by subsequent investigators.
The distinction between the aggradational stage Basin Fill and
the degradetional stage deposits generally is easily made in the field.
The Basin Fill consists of a wide variety of mainly fine-grained deposits
laid down in many different fluvial and lacustrine environments, and they
attain a thickness of 4,000 feet, or more.

The degradational stage

deposits consist predominantly of coarse gravel and minor quantities of
sand laid down almost entirely in fluvial environments, and they gen
erally are less than 100 feet thick.

They occur as caps on pediment

surfaces and on terraces, or as channel fill or deposits of small
alluvial fans.

It is sometimes difficult to distinguish between degra

dational stage deposits and coarse-grained Basin Fill units in localities
adjacent to the mountain fronts.
The simplified relationships between the three categories, or
local "stages" of rock units in the Safford basin are shown in Figure 2.
The term "lake beds" previously has been used broadly (Schwennesen,
1921; Knechtel, 1936 and 1938; Heindl, 1961; Van Horn, 1957) to describe
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the sediments which are designated here as Basin Fill.

Lacustrine

deposits are abundant in the lower parts of the Basin Fill, mainly in
the subsurface, and occur sparingly in the upper part.

However, lacus

trine deposits probably comprise less than 25 per cent of the total
volume of the Basin Fill.

The application of the term "lake beds" to

the mostly non-lacustrine Basin Fill is viewed as misleading and results
in oversimplification of depositional environments and stratigraphic
relationships in the Basin Fill.

Therefore, it is recommended that

the term "lake beds" be restricted to deposits actually laid down in
lacustrine environments, and that the term "Basin Fill" be applied as
a general term to aggradational stage deposits in the basin.
It might be argued that the degradational stage deposits also
represent Basin Fill.

However, the fact that these deposits were laid

down in response to erosion of the basin by through-flowing drainage
implies to me that they are sediments in transport, and therefore, are
not really filling the basin.

Much of the material in the Basin Fill

was deposited under conditions of at least local axial drainage, but .
under conditions of rising base levels and basin filling.

Cutting of

the outlet gorge caused a significant change in depositional processes.

General Age Relationships

Mountain block and basement rocks range in age from Precambrian
to late Tertiary.

The aggradational stage of basin history is presumed

to have begun no earlier than the late Miocene and no later than the
middle Pliocene.

The degradational stage probably began during the mid

dle Pleistocene and continues to the present.
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The position of the Pliocene-Pleistocene boundary within the
Basin Fill has not been identified previously.

However, on the basis

of an inferred climatic shift which coincides with a major stratigraphic
break within the sediments, the boundary

is believed to occur in the

Red Knolls area at an elevation of about 2,900 feet and in the Safford
area at an elevation of about 3,050 feet.

If the proposed position of

the Pliocene-Pleistocene boundary is correct, the thickness of Pliocene,
and older, Basin Fill in the Pima area probably exceeds 3,800 feet.
Similarly, the estimated original thickness of lower and middle Pleisto
cene Basin Fill in the Safford area probably amounted to at least 600
feet.

The evidence and interpretations upon which the position of the

Pliocene-Pleistocene boundary, and the thicknesses of sediments, are
based are presented later in this report.

Mountain Block and Basement Rocks

Pre-Pleistocene rocks exposed along the southwestern boundary
of the Safford basin include Precambrian gneiss, schist, granite, and
quartz monzonite; Paleozoic quartzite, sandstone, conglomerate, and
limestone; and Cretaceous-to-Tertiary granitic intrusive, and basaltic
to andesitic volcanic rocks and conglomerates.

The northeastern boundary

block is made up chiefly of volcanic rocks of Tertiary and Cretaceous
age, but Paleozoic quartzite, sandstone, conglomerate, and limestone
occur in a few localities northwest of Fort Thomas, outside the study
area.
The mountain block rocks were the chief contributors of sedimen
tary materials to the Basin Fill, although much material, undoubtedly.
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was contributed from source areas outside the basin.

Orange and red

silt, which probably is the most abundant constituent of the Basin Fill,
is believed to have been derived largely from weathering of basaltic
and andesitic volcanic rocks, both within and outside the confines of
the basin.

Intrusive igneous and metamorphic terranes, and to a slightly

lesser extent the volcanic terranes, contributed large quantities of
gravel and granular materials to the Basin Fill, especially during the
earliest and latest parts of the aggradational stage.

The granitic and

metamorphic terranes probably were important sources of clay during the
Pliocene, although the volcanic rocks may have been equally important
sources of clay during this period.

The sedimentary rocks of Paleozoic

age probably contributed very little material to the Basin Fill, except
locally, because of their relatively small area of occurrence in the
mountain blocks.

For the same reason, chemical sediments and cementing

materials in the Basin Fill probably were derived from the weathering
of igneous and metamorphic terranes, rather than sedimentary terranes.
Some of the volcanic rocks of the Gila Mountains will be dis
cussed in some detail because it is possible that the youngest of them
may be time-correlatives of parts of the Basin Fill.

Volcanic flows

and volcanic conglomerates are described in the area from Bonita Creek
to Sanchez by Heindl and McCullough (1961) and by Heindl (1962).

The

oldest volcanic conglomerates in the Bonita Creek area are interbedded
with volcanic flows, pyroclastic rocks, and fine-grained clastic rocks
and probably are Cretaceous in age (Heindl and McCullough, 1961, p. 11).
Younger conglomerate beds and lenses are interbedded with volcanic flows
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of Tertiary age in the same area, and the thickness of individual con
glomerate beds generally is less than 50 feet (Heindl and McCullough,
1961, p. 12-14, 18).

A volcanic conglomerate unit, which attains a

thickness of more than 700 feet, rests on the Tertiary age volcanic
rocks in the valley along which Bonita Creek has cut its gorge.

Accord

ing to Heindl and McCullough (1961, p. 19), the fragments of the con
glomerate consist mainly of granules to large boulders composed of
Tertiary volcanic rocks set in a matrix largely of the same composition.
Bedding above the basal layers is described as comparatively uniform,
and cross-bedding is rare.

The conglomerate generally is well indurated

by calcareous cement, and commonly is capped by a caliche zone a few
feet thick.

This conglomerate is continuous with the lower 300 feet

of one of the type sections of Gilbert's (1875) Gila Conglomerate, and
probably is late Tertiary in age (Heindl and McCullough, 1961).

Although

this conglomerate can not be traced from the type section into the fine
grained sediments of the Safford basin, it might have equivalents in the
subsurface section.
Overlying the well indurated conglomerate at Gilbert's Gila
Conglomerate type section, is a less well-indurated basalt conglomerate
with uncommon but conspicuous red granite fragments, which appear for
,the first time in this unit.

Heindl and McCullough (1961) term this

the "granite and basalt conglomerate", and they note that it is confined
to the bluffs of the Gila River in their area of study.

This unit is

the part of Gilbert's Gila Conglomerate which merges with the Basin Fill
further downstream.

Knechtel (1938, p. 196) also recognized that the
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"granite and basalt conglomerate" (so-named later) was included in
Gilbert's Gila Conglomerate, and this was the basis of his designation
of the entire valley-fill sequence as Gila Conglomerate (with a fanglomerate phase and a lacustrine phase).

Similarly, Van Horn (1957, p. 14-15)

recognized the correlation between the conglomerate and part of the
Basin Fill and this was responsible for his designation of the entire
valley-fill sequence as the "Solomonsville beds", a term which he got
from Heindl's earlier field term for the "granite and basalt conglom
erate" (L. A. Heindl, personal communication).

All the foregoing

authors, as well as others, have referred to the age of the conglomerate
as either Pliocene, or Pliocene and Pleistocene.

It will be shown sub

sequently that the upper part of the Basin Fill stratigraphic section
which contains the coarse clastic sediments that have been correlated
with the "granite and basalt conglomerate" are ‘topographically, and
probably stratigraphically, accordant with the 111 Ranch section
which contains the Blancan-Irvingtonian vertebrate faunal transition
of middle Pleistocene age.

Therefore, the "granite and basalt conglom

erate" (and the upper part of Gilbert's Gila Conglomerate type section)
most likely is early or middle Pleistocene in age.

STRATIGRAPHY OF THE BASIN FILL

The Basin Fill can be divided into two parts, upper and lower,
which generally exhibit certain lithologic differences, and are separa
ted by an erosion surface of low relief in many places.
Basin Fill contains two textural divisions:

The lower

basal, generally coarse

grained clastic units, and overlying, fine-grained, mainly lacustrine
units.

The lacustrine units of the lower Basin Fill consist of argil

laceous evaporite deposits which grade upward into green, red, and
yellow clays.

Only the upper beds of the lower Basin Fill are exposed

at the surface.

Both the lacustrine and non-lacustrine beds of the

upper division of the lower Basin Fill are fine-grained in most locali
ties to within very short distances of the mountain fronts.

The upper

Basin Fill consists of coarse-grained alluvial and mudflow deposits
interbedded with smaller amounts of fine-grained floodplain and lacus
trine sediments along the Pinaleno Mountains on the southwest side of
the basin, and fine-grained floodplain deposits with minor amounts of
lacustrine and channel deposits in axial locations and along the north
eastern side of the basin.

Much of the upper Basin Fill has been re

moved from the center of the basin by degradational stage erosion.

The

total thickness of the lower Basin Fill is several times as great as
that of the upper Basin Fill.
Generalized relationships of most of the facies are idealized
in Figure 3.

Areal distribution of all the facies recognized at the
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surface is shown on the Map, Figure 4, and the age relationships of all
the known facies are shown on Figure 5.
Descriptions of the individual facies, which follow, are pre
sented in the general order of their ages.

Because of the complex over

lapping of their boundaries, a strictly chronological presentation is
impossible.

The facies described in this report are:
•Tuffaceous lacustrine facies

Upper
Piedmont facies
Basin
Orange silt and conglomerate facies
Fill
Camel track tuff marker bed

Both
Divisions

Calcareous facies
Red facies

Delta facies
Lower
Green clay facies
Basin
Evaporite facies
Fill
Basal conglomerate facies.
It is recognized that the terms "lacustrine", "piedmont", and
"delta" are environmental, or genetic, terms.

These terms might be

applied more appropriately to the description of lithotopes, rather
than to the description of facies.

However, the terms are applied here

to lithologic assemblages which are about as homogeneous as the assem
blages of the other facies.

The genetic validity of the terms can be

demonstrated by the composition, texture, and structure of their respec
tive deposits in most occurrences.

Use of these terms helps to locate
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the units within the geomorphic framework of the basin and, to some
extent, within the local time-stratigraphic framework based on basin
history.

Facies of the Lower Basin Fill

Basal Conglomerate Facies

All of the wells in the Safford basin which are known to pene
trate basement rock pass through a conglomerate zone at the base of the
Basin Fill.

These wells are located mainly along the northeast side of

the basin near Safford.

The most recent series of wells which reached

basement rock were drilled for water by the Kennecott Copper Corporation
in the area between Safford and the Gila Mountains during the time of
field investigations of this study.

In these wells the basal conglomer

ate thickens basinward from about 195 feet near the Gila Mountains to
about 465 feet near the north boundary of. the Safford airport, according
to the logs inspected.

The basal conglomerate in these wells is composed

of fragments of basalt and andesite similar to rocks exposed in the
Gila Mountains.

The texture is almost entirely conglomeratic near the

mountains, but intercalated beds of sand and silt become thicker and
more abundant toward the center of the basin.
The basal conglomerate facies possibly is exposed in a,few
localities along the northeast side of the basin.

Well cemented volcanic

conglomerate rests on green andesite between the Gila Mountains and the
Kennecott wells.

The lower part of the conglomerate appears to dip

under fine-grained Basin Fill deposits about one-quarter mile from the
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mountain front.

The contact between basement rock and the overlying

conglomerate slopes basinward from the area of outcrop at an angle of
about 5°, or 480 feet per mile, to the southernmost Kennecott well.
A projection of the bedrock-Basin Fill contact at the town of
Safford, near the center of the basin, would lie at an elevation between
about 100 and 600 feet above sea level.

However, it is believed that

the actual elevation of the basement rock-Basin Fill contact at Safford
is considerably lower than this projected elevation.

The deepest well

at Safford (see Log, Figure 6) was drilled only to an elevation of 1,100
feet above sea level.

Judging from the absence of coarse-grained beds

near the bottom of this well, none of the materials penetrated belong
to the basal conglomerate facies, but can be assigned, instead, to the
overlying evaporite facies.

Therefore, it is likely that the slope of

the basement rock surface steepens between the southernmost Kennecott
well near the airport and the town of Safford.

The increasing thickness

of the basal conglomerate facies toward the center of the basin in this
area indicates that subsidence of the basin floor probably accompanied
deposition of the facies.
Gravel or conglomerate beds in some wells in the San Simon
Valley a few miles south of the study area are believed to represent
the basal conglomerate facies.

The Whitlock No. 2 well, located in

sec. 21, T. 10 S. , R. 29 E. , encountered basalt at a depth of 425 feet
(Knechtel, 1938, p. 127).

Although the lithology of the lowermost

sediments above the basalt is not recorded, the fact that the lower
40 feet of sediments were water-bearing suggests that they probably are

29

Log, After Knechtel, 1938
Description of Units

Thick Depth
ness
(feet)
(feet)

Eleva
tion
(feet)

Assignment to Facies
Proposed in this Report

(Top elevation = 2,920 ft.)
Soil
Gravel and boulders

8

8

2,912

82

90

2,830
Inner-valley fill

--------- Unconformity

100

190

2,730

Yellow clay

70

260

2,660

Green
Clay

Blue clay

40

300

2,620

Facies

Yellow stratified clay

400

700

2,220

Yellow clay with streaks
of gypsum

100

800

2,120

Yellow clay with strata
of hard rock

95

895

2,025

Yellow and brown clay
with streaks of gypsum

105

1,000

1,920

Salty clay

820

1,820

1,100

Blue clay

Evaporite
Facies

FIGURE 6.
LOG OF TH E SOUTHERN PACIFIC W ELL AT SAFFORD,
W ITH STRATIGRAPHIC ASSIGNMENT OF UNITS TO FACIES PROPOSED
IN THIS REPORT.
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sandy or gravelly.

This well is located less than 1/4 mile from bedrock

exposures presumably equivalent to the basalt in the well.

The bedrock

slope from the exposures to the well is very steep, amounting to more
than 425 feet vertically in the short horizontal distance.

Another well,

Whitlock No. 1, located 3 miles basinward from the No. 2 well and at a
lower elevation, penetrated a conglomerate which produced a strong arte
sian flow of water from a depth of 1,445 feet.

This well was drilled

420 feet deeper than the conglomerate through "limerock and sandy lime"
(Knechtel, 1938, p. 214) without encountering volcanic rocks.

Whether

these calcareous rocks below the conglomerate actually represent base
ment rock, or facies of the Basin Fill, is problematical.

However, the

steep gradient of the basement rock slope on the volcanic rocks in this
area may indicate tectonic movement during, or following, deposition of
the basal conglomerate.
Some wells in the Cactus Flat area, where the San Simon basin
merges with the upper Safford basin, encountered deep, water-producing
conglomerate beds at elevations of about 2,000 to 2,100 feet above sea
level.

It is possible that these coarse-grained beds might represent

part of the basal conglomerate facies, but their elevation may indicate
that they are marginal or alluvial facies equivalent to the evaporite
facies.

According to Knechtel (1938) and to well drillers questioned

in 1960 and 1961, none of the wells in the Cactus Flat area, nor in
the Artesia area just to the south, has been drilled to basement rock.
A few deep wells near the axis of the basin, northwest of Safford,
bottomed in a sequence of sand, sandstone, and gravel interbedded with
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fine-grained elastics and rarely with limestone (Knechtel, 1938).

These

wells did not encounter definitely identifiable basement rocks even at
depths below sea level.

The deepest of these wells, located near Pima,

was drilled to a depth of 3,767 feet, or an elevation of about 970 feet
below sea level (Log of Mary S. Mack Well, Figure 7).
p. 202 and 222) attributed

Knechtel (1938,

at least the upper 1,500 or 1,600 feet of

sediments in the Mack well to

the Basin Fill, but speculated that the

lowest geologic horizons might be Paleozoic in age.

However, the only

significant difference in lithology reported in the driller’s log
(Figure 7) below the shallow inner-valley alluvium appears to be a pre
dominance of shale above the 1,525-foot depth, and a greater abundance
of sand, sandstone, and gravel below that depth.

The poor degree of

induration and the generally similar color and lithology encountered
throughout the entire sequence of 3,767 feet of sedimentary materials
indicates to me': that the entire section, below the inner-valley
alluvium, represents Basin Fill.

Furthermore the coarser texture of

the lower 2,100 to 2,250 feet of this section suggests that these de
posits may represent basal conglomerate facies deposited in relatively
low energy environments near the basin axis.

If this assignment of the

lower beds in the Mack well to the basal conglomerate facies is correct,
the elevation of the upper surface of the basal conglomerate facies
valid be about 1,200 feet above sea level in the Pima area.

This eleva

tion is 100 feet higher than the bottom of the deepest well at Safford,
where no beds belonging to the basal conglomerate facies were encountered.
This implies that the upper surface of the basal conglomerate facies
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Log, from Knecfatel, 1938
Thick-

Assignment to Facies
Proposed In this Report

Inner-valley fill

Red sandstone
Red facies

Red sandy shale
/ Brown shale

Gray shale
Red sandstone
Brown shale

Calcareous zone within
Red facies; probably
equivalent to Evaporlte
facies.

Gray shale
/ Gypsum and shale
Blue shale
Gray shale
Blue shale

Brown shale

Gravel

1.300

Red facies

Brown shale
Red shale

1.748
Banov

Gravel

d sand
2.143
Sand; water
Red sand
Red shale
Sand: water
Red sand

Basal
2.475
2.480

Red shale

Conglomerate

shale
Facies

Red , shale
Red sand
Red shale

ed sandstone
R e d shale

2,800.
2.840

\ Pink shale
Red sandstone
Red shale

-500 -

Red sand; wate&
Gray lim e______
Red sand._____ _
Gray lime______

3 . 247

G ra y lim e
Sandy lime
Red sandstone
9^ Red sand
Red sandstone
/ Red sandy shale
Gypsum
X Red sandstone
F I G U R E 7.
L O G O F T H E M A R Y S. M A C K W E L L N E A R PIMA, W I T H S T R A T I G R A P H I C
A S S I G N M E N T O F UNITS T O FACIES P R O P O S E D IN THIS R E P O R T .
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dips southeastward from Pima toward Safford, and, therefore, that the
deepest part of the upper Safford basin may be near the town of Safford.
Other lines of evidence support this interpretation, and, altogether,
they support the conclusion that the upper Safford basin had a depositional history somewhat independent of the lower Safford basin begin
ning during the early part of the aggradational stage.

The other evi

dence, based upon lateral distribution of facies and the attitudes of
beds, is discussed later in the appropriate sections of this report.

Evaporite Facies

Beds of salt, gypsum, and limestone, as well as salty, limy,
or gypsiferous clay and shale are reported in some wells in the upper
Safford basin (Knechtel, 1938).

The thickest known development of these

evaporites is recorded in the Southern Pacific well at Safford (Log,
Figure 6), where salty and gypsiferous beds form part of a sequence,
mainly of yellow and brown clay, more than 1,100 feet thick.

The thick

ness of deposits which are actually composed of evaporite minerals is
not recorded in the well log, but units described as salty, or as con
taining streaks of gypsum, comprise 1,025 feet of the lower 1,120 feet
of deposits penetrated by the well.

Since the well bottomed in these

deposits, their total thickness is not known.
Other occurrences of evaporites in deep wells are few, but are
reported from widely scattered locations.

A thick gypsum bed is present

at the bottom of the Southern Pacific well at Tanque (Knechtel, 1938,
p. 202; also see Figure 10).

This well occurs about 19 miles southeast
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of Safford and the top of the gypsiferous section occurs at an elevation
of about 2,650 feet above sea level.

A single gypsum and shale bed, 17

feet thick, occurs near the middle of a light colored, probably calcare
ous section in the Mack well near Pima (Figure 7).

The elevation of

the top of this sequence is about 2,065 feet above sea level, which
indicates it may be correlative with some of the evaporite section in
the deep well at Safford.

A clean salt bed, 6 feet thick, is reported

in the Rogers well (Knechtel, 1938, p. 201), which is near the Mack well.
The elevation of the salt bed is about 2,195 feet.
Beds of the evaporite facies at Safford are presumed to grade
downward into the basal conglomerate facies.

Laterally, the section at

Safford grades into the light-colored shales containing the gypsum and
salt beds near Pima, and probably into some of the fine-grained beds of
the red facies which occur above and below the light-colored sequence
in the Mack well.

The extent and character of the evaporite facies

southeast of Safford can not be determined from the existing well-log
data.

The thick gypsum bed in the well at Tanque occurs a few hundred

feet higher than the arbitrarily selected top of the facies at Safford,
but evaporite deposits are not reported in any other wells in the San

Simon Valley.

Green clay

is

reported in

wells in

the Cactus Flat and

Artesia area at elevations concordant with the evaporite facies at
Safford and Tanque; it is possible that these are lateral variations of
the evaporite facies.
Beds assigned to the evaporite facies in the deep well at
Safford (Figure 6) show a transition upward into beds of the green clay
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facies.

The upper surface of the evaporite facies was picked at the

top of the highest yellow clay in which gypsum was recorded in the well
log.

Immediately above this datum, a yellow clay, 400 feet thick was

assigned to the green clay facies.

However, this yellow clay resembles

the underlying evaporite facies, except that it was not reported to
contain evaporite minerals.

If the yellow clay does belong to the evap

orite facies, its upper surface would lie at almost the same elevation
as the upper surface of the evaporite sequence in the well at Tanque.
Deposition of nonmarine evaporite beds, at least in nearly pure
crystalline form, almost always is indicative of a lacustrine environ
ment.

Furthermore, the thickest deposits generally can be expected to

accumulate in the central area of the lake.

Therefore, the center of

distribution of evaporite facies in a basin probably is a reliable indi
cator of the position of the lowest local point on the basin floor.

In

the case of the evaporite facies in the subsurface section of the upper
Safford basin, the entire sequence does not even approach chemical purity,
and the true extent of original distribution is not known.

However, a

lacustrine depositional environment is strongly suggested by the gypsum
interbeds which are indicated in the well logs and by the.clay texture
of almost the entire sequence at Safford.

The northwest extent along

the axis of the basin can be inferred from data provided by the log of
the Mack well at Pima.

The difference between the 1,100-foot-thickness

of the facies at Safford and the 220-foot-thickness picked from the
Mack well probably reflects original depositional relationships.

That

is, the lowest point in the basin lay to the southeast of Pima, possibly
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in 'the Safford area, where the thickest deposits are known.

However,

the southeastward extent beyond Safford, into the San Simon basin, is
not known.

The relatively pure, rather thick gypsiferous deposits at

Tanque probably are equivalent in age to some of the subsurface deposits
at Safford, but they may indicate deposition in a separate sub-basin.
Exposures of a few thick gypsum beds have been reported near
San Carlos in the lower Safford Basin by Bromfield and Shride (1956,
p. 681), at elevations near 2,500 feet.

It is possible that these beds

may be equivalent in age to some of the evaporite facies in the upper
Safford basin, but the depositional relationships inferred in the area
between Safford and Pima would suggest that the evaporites in the two
sub-basins were deposited in separate lakes.
The age of the evaporite facies is not certainly known.

However,

since the highest beds which can be assigned to the facies occur several
hundred feet below the lowest known vertebrate fossils of Blancan age,
it is presumed that the evaporite facies are entirely Pliocene in age.

Green Clay Facies

Outcrops of the green clay facies in the upper Safford basin
occur mainly southwest of the Gila River, from Ashurst to Solomon.
Scattered outcrops also occur in the San Simon basin as far south as
Tanque.

The thickest and most widespread exposures are just south and

southwest of Safford.

Depositional units in the surface exposures are

typically, but not always, thin-bedded or laminated, have a high degree
of textural uniformity, and almost always have conformable and sharply
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defined contacts.

Several lithologic variations and several colors

of argillaceous sediments are included in the facies.

The outcrops

typically are composed of green, or red, montmorillonitic clay or shale,
and the usual designation of the facies in driller's logs is "blue clay".
Green, or blue, clay is the predominant lithology southeast from Safford
in both the surface and subsurface sections, and red clay increases in
prominence northwest from Safford.

Yellow clay occurs in the subsurface

and in a few surface exposures near Safford.

Numerous sandy beds are

intercalated with the facies in the vicinity of Bear Springs, west of
Pima.
Two forms of topographic expression are characteristic of the
green clay facies, and the presence or absence of a resistant caprock
largely determines which form is expressed.

The first, and most wide

spread, form consists of flat to very gently sloping surfaces with low,
mound-shaped hills and steep-walled, narrow drainageways in broad
valleys.

It is expressed where resistant capping materials are absent.

The other topographic form consists of very steep, or even vertical,
cliffs which commonly border the areas of flat topographic expression,
or which occur along deeply incised drainageways or along, pediment
scarps.

This form is expressed where a resistant bed, such as a pedi

ment cap conglomerate, or a limestone or sandstone interbed, overlies
the more easily eroded and physically less stable deposits of clay.
The best exposures of the facies occur in these cliffs.
The transition of the underlying yellow clay deposits of the
evaporite facies into the green clay facies can be seen in the log of
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the Southern Pacific well at Safford (Figure 6).

The first blue clay

in the log of that well occurs above a 400-foot-thick yellow clay in
which no mention is made of any content of evaporite minerals.

If the

yellow clay is included, the thickness of the green clay facies below
the inner-valley fill in the well is 610 feet.

However, the assignment

of the yellow clay unit to one facies or the other is problematical.
Elsewhere, the relationship of the green clay to underlying facies is
not recorded in wells, or it is obscured by lateral changes of color.
In many of the well logs (Knechtel, 1938) , sediments that are believed
to represent the green clay facies, because of their texture and strati
graphic position, are referred to only as "clay" or as "lake beds".
The lateral transition of the green clay facies into the red
facies toward the northwest is recorded in the surface exposures first
by a series of color changes, succeeded by a general, but slight,
coarsening of texture.

As the red clay increases in proportion to green

northwest from Safford, the deposits also grade into, and interfinger
with, more silty and sandy beds of the red facies.

The most southeast

erly occurrence of interbedded red clay that was observed in the green
clay facies consists of a single bed, about 20 feet thick, which is
exposed in the lowest scarp above the Gila River floodplain 2-1/2 miles
southeast of Safford.

Alternating red and green clay beds, with greater

thicknesses of red than green (Measured Section XVI), are exposed in
arroyo walls south of Thatcher (Plate 2a).

Green clay occurs only

rarely in exposed sections northwest from Pima, and the red clay grades
imperceptibly to red or reddish-brown silt.

A single green clay bed,
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about 3 feet thick, occurs near the top of Red Knolls, just below a
tuff bed (Measured Section VI) which is correlated with the camel track
marker tuff.

Green clay is essentially absent in surface exposures

between Red Knolls and Fort Thomas, but some of the red and brown shales
reported in the shallow subsurface sections in wells in this vicinity
may be northwestward extensions of the green clay facies.

Marlowe

•(1961) reports only a few, isolated green clay beds farther north in
the lower Safford basin, and cites the occurrence of a persistent green
clay unit just below his reservoir tuff marker bed.
Other lithologic and color variations within the green clay
facies are associated with gradation into adjacent facies.

Calcareous

zones and thin, argillaceous, arenaceous, commonly oolitic limestone
beds occur near the top of the facies.
Plate 2a.

One of these is pictured in

Others are present in the lowest parts of Measured Sections

V, VIII, DC, and X.

Where these deposits are prominent in thickness or

degree of calcareous enrichment, as in the lower 20 feet of Measured
Section XII, they can be assigned to the lower zone of the calcareous
facies.
Gypsiferous, salty, limonitic, clayey silts tone and fine-grained
sandstone are interbedded with yellow and green clay near the top of
the facies in two localities:

just south of the Safford airport
%

(Measured Section XXI), and in the Riggs Mesa area (Measured Section
XVII), about 2 to 3 miles northeast of Frye Mesa.

These two localities

occur at elevations of about 3,050 and 3,200 feet, respectively, and
the deposits are believed to be closely correlative.

These two thin
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sequences of impure evaporites and iron oxides are believed to represent
desiccation of the lakes in which beds of the green clay facies were
deposited.

The beds near the Safford airport probably grade into, and

are interbedded with, gypsiferous and saliniferous silt assignable
either to the orange silt and conglomerate facies or to the red facies;
they are overlain disconformably by calcareous sandstone, conglomerate,
and siltstone of the orange silt and conglomerate facies.

The yellow,

gypsiferous lacustrine clays in the Riggs Mesa area may grade into
thick-bedded yellow silt which is most prominently exposed in the area
about 5 miles southeast of Riggs Mesa, just west of Cactus Flat.

How

ever, the thick-bedded yellow silt attains elevations as high as 3,400
feet, which is more than 100 feet above the highest known green clay
deposits in the basin.
Commonly, the uppermost beds of the green clay facies are disconfomrably overlain by coarse-grained deposits of the piedmont facies,
along the southwestern side of the basin.

The erosion surface that

separates the two units is gentle, but widespread.

This erosion surface

presumably is the same one which separates the green clay facies from
the overlying orange silt and conglomerate facies at the Safford airport
locality.

Also, the disconformity is regarded as the boundary between

deposits of the lower Basin Fill and the upper Basin Fill.

The textural

contrast between the argillaceous sediments of the green clay facies
and the overlying upper Basin Fill sediments is, in many places, strik
ing and facilitates tracing of the disconformity over a rather large
area within the upper Safford basin.
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A few thin tuff beds occur locally in the upper part of the
green clay facies, and their absence in other areas may have resulted
from non-deposition, severe alteration, or local erosion.

The principal

areas of recognition of these tuff beds occur between Safford and Pima
in localities just slightly above the Gila River floodplain.
The composition of the clay fraction, which constitutes the
bulk of the facies, appears to be rather uniform in all the exposed
sections.

The clay beds generally show a high degree of purity, and

the clay is quite plastic when wet and displays small-scale blocky
fracturing when dry.

Impurities detectable in the field consist of

calcium carbonate in thin zones, gypsum which is generally dispersed
through beds high in the section, and silt or very fine-grained sand
which is most abundant in the northwest part of the mapped area.
Differential thermal analyses of four samples, which are believed to
be representative of all the green clays, produced similar curves.
These analyses indicate that the clay in the samples is predominantly
montmorillonitic.

One of the differential thermal curves is shown on

Figure 8, where it is compared with the curve produced by a montmorillonite standard sample on the same machine.
The green, red, and yellow colors of the clay probably result
from different oxidation states of included iron-oxide pigments or
minerals.

Green coloration may be produced by chloride minerals,

as probably is the case in some of the green colored, coarse-grained
clastic deposits of the overlying piedmont facies.

Yellow and red

coloration in the clays is assumed to be due to the presence of finely
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divided hydrated iron-oxide minerals.

Closely spaced, abrupt alter

nations of green and red clay beds occur south of Thatcher, and the
lack of gradation between interbeds of different color indicates that
their coloration is syngenetic rather than diagenetic.

However, it is

not clear whether the alternating colors are due to differences in
source-area mineralogy or oxidation potential, or to changing conditions
of oxidation potential within the environment of deposition.

The last

alternative is favored, because mixing of colors was not observed in any
of the clay beds.

Also, yellow clay probably is associated with evap-

oritic depositional environments in this basin, as evidenced by the
yellow color of gypsiferous and salty beds near the top of the green
clay facies, and in the underlying evaporite facies.
Hydrometer or pipette size analyses of the clay fractions were
not made, but analyses of representative sandy units show a general
coarsening of texture toward the top of the section.

Figure 9 shows

graphically the textural similarity of the sandy units of the green
clay facies to those of the red facies and to the fine-grained units of
the overlying orange silt and conglomerate facies and the piedmont
facies.
. The total original thickness of the green clay facies is not
known exactly.

This is because the base of the facies is reasonably

well known only in the Southern Pacific well at Safford (Figure 6).
Also, two periods of erosion have truncated the upper part of the section
in a broad zone along the axis of the basin.

The first period of erosion

occured soon after deposition of the facies, and is represented by the
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erosion surface of low relief that separates the green clay, in many
places, from the overlying deposits.

The second period of erosion,

more severe than the first, has affected all younger Basin Fill beds,
as well, and is that which occurred during the degradational stage.
The total composite thickness at Safford is on the order of 830 feet,
if the yellow clay beneath the lowest blue clay in the Southern Pacific
well (Figure 6) is included.

This thickness is the difference in eleva

tion between the base of the yellow clay (about 2,200 feet) and the
eroded top of the facies (about 3,050 feet) in Measured Section XXI,
just south of the Safford airport.

However, if the yellow clay, which

is 400 feet thick, belongs to the underlying facies, the preserved
thickness of the green clay facies in the vicinity of Safford is only
about 430 feet thick.
Comparable thicknesses of the green clay facies can be inferred
elsewhere in the basin from existing well logs in Knechtel1s (1938)
report.

Wells in the Cactus Flat and Artesia area, a few miles south

of Safford, generally penetrate 500 to 800 feet of blue or green clay
above the sandy aquifers which produce water under artesian pressure.
Around the flanks of the Pinaleno Mountains, similar conditions are
encountered as far northwest as Bear Springs Flats, west of Pima.

The

nature of the "lake beds" encountered in the wells above the artesian
aquifers is not always given in the well logs.

However, the impermeable

nature of the beds and their similar thickness of 500 to 800 feet above
the zone of artesian water in wells along the flanks of the mountains
indicates that the "lake beds" in the subsurface probably can be
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assigned to the green clay facies.

Most of the wells yielding artesian

water from this zone occur within 3 to 5 miles of the Pinaleno Mountain
front.
Beds of the green clay facies generally are so nearly flat-lying
that direct measurement of their dip is difficult.

Minor folding has

produced local dips as steep as 3° in the beds exposed in the scarp
above the Gila River northeast of Safford.

In the majority of cases,

the dip of the beds is 1/2°, or less, generally toward the axis of the
basin and with a slight northwestward component.

In the lower Bear

Springs Flats-Red Knolls area, beds of the green clay facies and equiva
lent facies show dips as steep as 1-1/2° (Plates la and 5a).

A compo

nent of this dip is toward the southeast, opposite to the modern drain
age direction of the Gila River.

Small-scale structural movement,

evidenced by faults in the Basin Fill (Plate 10), may be partly responsi
ble for the direction and the amount of dip of the lower Basin Fill beds
in this area.

However, most of the southeasterly component of dip is

believed to result from initial attitude, because discordantly overlying beds, which are also faulted dip toward the north.

Also, the

occurrence of these southeasterly dipping beds near the northwest mar
gin of the green clay facies implies that their dip may be largely
initial attitude of marginal lacustrine beds dipping toward the center
of the lake.

The greater thickness of the green clay near Safford

also indicates that the center of deposition of the facies was in that
general vicinity.
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The dip of the green clay facies, like that of other facies,
probably increases somewhat immediately adjacent to the mountain fronts.
The highest known surface exposure of green clay occurs at an elevation
of about 3,300 feet in Spring Creek, less than 1 mile from the eroded
toe of the Frye Mesa alluvial fan.

The dip of the beds in the Spring

Creek outcrop was estimated to be about 1° toward the northeast.
The rather uniformly argillaceous composition of the sediments,
the abundance of laminations and persistent thin bedding units, and the
sharpness, conformity, and parallelism of bedding surfaces altogether
indicate rather certainly that the green clay facies is mainly lacustrine
in origin.

The development of evaporite deposits near the top of the

section, and the lateral gradation to, and interfingering with, coarsertextured alluvial deposits support the interpretation that the green
clay facies was laid down in lacustrine environments.

The thickness of

the facies, which exceeds 500 feet, and the large areal extent of the
deposits, from south of Tanque to northwest of Pima, indicate that the
lake in which these beds were deposited was very large, probably deep,
and certainly long-lived.

No evidence of such a large and long-enduring

lake is to be found in any younger sediments of the upper.Safford basin.
Application of the term "lake beds" to these deposits is quite
appropriate.
The persistence of the very fine texture of these deposits to
within very short distances of the Pinaleno Mountain front indicates
that the shore of the ancient lake must have reached almost to the
mountain block, and that very little coarse-grained material was
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contributed to the Basin Fill from the mountains during the time of
deposition of the green clay facies.

The scarcity of coarse-grained

piedmont deposits of this age is especially remarkable when it is con
sidered that the relief of the Pinaleno Mountains above the beds of the
green clay facies, today, is as much as 7,000 feet, and that during both
earlier and later periods coarse-grained Basin Fill debris extended far
out from the mountain front, as evidenced by the basal conglomerate and
the piedmont facies, respectively.
The scarcity of coarse-grained deposits at the foot of the
Pinaleno Mountains during this particular period of Basin Fill deposition
might be attributed to one of three possible controls of sedimentation:
tectonic control, base level control, or climatic control.

Tectonic

control of sediment production in the Pinaleno Mountains probably was
largely responsible for deposition of the basal conglomerate facies.
It is conceivable, but unlikely, that the mountains could have been
worn down to low relief by the time of deposition of the green clay
facies.

However, deposition of the coarse-grained piedmont facies,

which directly overlie the green clay facies, would have required major
tectonic rejuvenation of the mountain block if tectonic control of
sedimentation were dominant during this later period.

No structural

evidence of major tectonic uplift was found in the Basin Fill sediments
bordering the mountains, nor in the nearby mountain block rocks.

Base

level control of sedimentation exerted by changes in the level of the
lake or of the ancestral Gila River is not adequate to explain the
changes in grain size of materials coming from the mountains, since the
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difference in elevation of the lowest and highest deposits of the green
clay facies in the center of the basin is nearly as great as the total
amount of downcutting which occurred after breaching of the basin.

If

this amount of difference in relief is sufficient to significantly
affect grain size of particles transported from the mountains, which
apparently it has been during the degradational stage, then it is diffi
cult to understand how the lower green clay deposits, and the even lower
evaporite facies could be so fine grained if base level changes had
controlled sedimentation.

Therefore, climatic control of sediment

production in the mountains probably was mainly responsible for the
control of Basin Fill texture, at least after the abatement of orogeny.
It is concluded that the climate which prevailed during deposition of
the green clay facies was such that deep soils were formed on the pre
dominantly metamorphic terranes of the mountains and that the rate of
erosion did not surpass the rate of soil formation, except on very
steep slopes.

Under these conditions an abundance of large particles

simply would not be available for transportation by the mountain streams,
regardless of their competency or the position of their controlling
base level.
A climate which would satisfy the postulations necessary to
the production of very little coarse-grained detritus in mountains
with 7,000 feet of relief must have been very different from the modern
climate of the area.

It is postulated that a humid, moderately warm

climate, without hard freezes during the winters, or at high altitudes,
would be required to form deep soils -nearly as rapidly as material was
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removed from the mountain slopes.

A maritime climate at this, or a

slightly lower, latitude probably would represent a good analogy.
The fossil evidence from beds of the green clay facies which
furnished information on the contemporary climate comes from two pollen
spectra (Jane Gray, 1960, p. 146-170) , collected very high in the section
near Safford.

One of the pollen spectra, from Measured Section XXI,

consisted of 391 grains of arborescent types, mostly pine, and only
13 grains of nonarborescent types; 40 pollen grains were unidentified.
The other pollen spectrum, from a sample collected on the other side
of the valley, consisted of only 146 grains, total, and was dominated
by composites and chenopods or amaranths.

However, pine still accounted

for 21.9 per cent of all the identified pollen types; 14 grains were
unidentified.

Gray (1946, p. 147) inferred from the first spectrum

that "the climatic alteration necessary for such a vegetational. change
[in this area] would be momentous, implying not only somewhat lower
temperatures, but far more me sic conditions than exist in the valley
of Safford today".

The second spectrum was interpreted as suggesting

a pollen rain more like what might be expected in the area today, but,
perhaps, with a higher percentage of pine and oak.

Since, both these

samples came from near the top of the green clay facies, it is possible
that the pollen frequencies may not be representative of the vegetation
during deposition of the bulk of the facies.

However, the mesic con

ditions suggested by the pollen in the larger sample support the inter
pretation of climate based on the absence of large quantities of coarse
grained deposits in the piedmont areas at this stratigraphic level.
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Also, the large size of the lake, or lakes, in which the green clay
was deposited indicates the climate was much wetter than at present.
If the smaller pollen spectrum is statistically valid, it may indicate
a climatic change which occurred late in the period of deposition of
the green clay facies, but which is indicative of the conditions under
which the succeeding Basin Fill sediments were deposited.

Unfortunately,

the relative stratigraphic position of the samples from which the two
pollen spectra came could not be determined.
Beds of the red facies, equivalent in age to the green clay
facies, extend from the northwestern part of the upper Safford basin
into the lower Safford basin.

It is not known whether lacustrine

equivalents occur in the lower basin, or if equivalents were deposited
entirely in fluvial environments there.

Most of the lacustrine white

facies (Marlowe, 1961) in the lower Safford basin probably are stratigraphically higher than the green clay facies.
The age of the green clay facies can be inferred from verte
brate fossils recovered from immediately overlying deposits along
Freeman Wash and near Lebanon, and from red facies near Red Knolls
which are equivalent to the upper part of the green clay.. No verte
brate fossils are known to have come from beds definitely assignable
to the green clay facies, and this apparent absence of vertebrates in
the beds possibly results from their deposition in deep-water lacustrine
environments.

The vertebrate fossils from both the immediately over-

lying and the equivalent red deposits include several specimens of the
horse Plesippus, and are assignable to the Blancan provincial faunal
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age (J. F. Lance, P. A. Wood, personal communications).

Since the Red

Knolls locality probably represents the lowest known surface occurrence
of Blancan fossils in the basin, and since the deposits containing them
are regarded as no older than the youngest beds of the green clay facies,
it is likely that the bulk of the green clay facies was deposited during
early Blancan, and earlier, times.

Therefore, the fossil evidence

indicates that the green clay facies probably is late Pliocene in age,
but that the upper part might be early Pleistocene in age.

On the basis

of the faunal evidence and climatic change inferred from the sedimentological record, the upper boundary of the green clay facies is believed
to represent the most logical position of the Pliocene-Pleistocene timestratigraphic boundary.

The nature of the climatic change, and the

character of the climate under which beds younger than the green clay
facies were deposited, are discussed in appropriate sections concerned
with the upper Basin Fill.

Delta Facies

The delta facies is a sedimentational unit of minor areal extent
and importance.

It shows much compositional, and some textural, simi

larity to the overlying lower phase of the orange silt and conglomerate
facies.

Sediments of the delta facies are exposed in the lower parts

of scarps along the north side of the Gila River between Solomon and
Sanchez, below the gorge where the river enters the basin (Figure 4).
The outcrops occur at elevations between about 3,000 and 3,150 feet.
The sediments grade upward into the lower textural phase of the orange
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silt and conglomerate facies, and the boundary between the two facies
must be placed arbitrarily.

Interfingering of the delta facies with

the green clay facies is best displayed in the westernmost outcrops in
the vicinity of Measured Sections II and III, across the river from
Solomon.

The base of the delta facies is not exposed, and the subsur

face extent and relationships are not known.
Sediments of the delta facies consist predominantly of thick
beds of silt and sandy silt, and thinner beds of conglomerate and
coarse-grained sandstone.

Thin beds of reddish-brown and green clay,

and loose structureless volcanic sand are present, also.

Bedding thick

ness of the coarse-grained units ranges from about 6 inches to 12 feet,
averaging about 4 feet.

The thickness of the individual fine-grained

beds ranges from 2 to 45 feet, with an average of about 20 feet.

Silty

beds commonly show flat internal bedding structure, but some of the
silt beds are single massive units.

The sandstones, and particularly

the small-pebble conglomerates, are made up of uniformly inclined,
planar, very thin cross-strata which are abruptly truncated both at
the top and bottom of the bed, or set within a bed.

Sets of truncated

cross-strata within sand beds commonly are no more than 9. or 10 inches
thick.

Inclination of the cross-stratification is almost invariably

toward the south or southwest, indicating current flow in those direc
tions.

The few clay beds are thin-bedded or laminated and contain rare,

but persistent, argillaceous limestone beds 1 to 3 inches thick.

Even

though the grain size of the delta facies sediments, overall, varies
widely, the sorting within individual beds generally is rather good
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(Figure 9).

Better sorting of conglomeratic beds, and uniformity of

cross-stratification, were characteristics used to distinguish the
delta facies sediments from those of the orange silt and conglomerate
facies in the field.
Basaltic or andesitic composition of particles is characteristic
of all the sediments of the delta facies, even the sands and sandstones.
The silt grains represent many minerals, such as plagioclase and amphiboles, which were probably derived from the same source rocks.

Quartz

forms only slightly more than one-half the identifiable grains in the
silt samples examined.
Carbonate cement is common in the sandstone and conglomerate
beds of the delta facies, but many of the sand beds are only weakly
cemented, or completely loose.

Calcareous concretionary zones are

common in the light-colored silt beds, and ferruginous sandstone con
cretions occur in many of the dark-brown sandy silt beds.

The car

bonate cement may be equivalent to the lower zone of the calcareous
facies.
The exposed thickness of the delta facies is about 150 feet
in Measured Sections II and III, northeast of Solomon.

The elevation

of the upper surface is very near 3,150 feet, which is about 100 feet
higher than the top of the equivalent green clay facies near Safford,
in Measured Section XXI about 2 miles south-southwest.

Much of this

difference in elevation of the top of the equivalent facies is due to
a south-southwest original component of dip of the strata, but part
may be due to erosion of the green clay near Safford.

The erosion
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surface separating the green clay from overlying orange silt and con
glomerate facies in the vicinity of Safford is not detectable at the
top of the delta facies to the east.
Evidence of the deltaic environment of deposition of this
facies is found in the stratigraphic position of the beds, their areal
distribution near the mouth of the gorge where the Gila River enters
the basin, and in the bedding and textural characteristics of the
deposits.

Interbedding of the green clay facies with the coarser-

grained deposits of this facies establishes their correlation.

The

location of the coarser-grained deposits suggests that they were sup
plied by the ancestral Gila River, and the direction of inclination of
cross-strata supports this assumption of transport direction.

There

fore, the conditions for construction of a delta, that is, the presence
of a large sediment-laden stream emptying into a large lake existed
at this time.

The relatively thin sets of planar cross-strata in the

sand and small-pebble conglomerate units probably represent foreset
beds, and the relatively thicker silt units with internal, nearly
horizontal bedding structure probably represent topset or bottomset
beds.

The massively bedded siltstone and the structureless, loose

sand beds may represent subaerial sediments deposited rapidly upon the
ancient delta surface.

Exposures, unfortunately, are too limited to

determine the original extent or shape of the delta.
The main significance of these coarse-grained deposits is that
they show that water was entering the upper Safford basin through the
gorge of the Gila River at least as early as the end of deposition of
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the green clay facies.

They establish that deposition of coarse-grained

materials from the gorge began during the time of deposition of the
lower Basin Fill.

However, the upstream extent of the ancestral Gila

River drainage at this time is problematical.

Sedimentological evidence

that integration of drainage between the Safford basin and the upstream
C 1ifton-Duncan basin occurred somewhat later is discussed below in the
part of this report pertaining to the orange silt and conglomerate
facies.
The age of the delta facies is established by its interfingering
with the upper deposits of the green clay facies.

On that basis, the

delta facies is regarded as probably latest Pliocene in age.

Facies Present in Both Lower and Upper Basin Fill

Red Facies

The red facies, first designated and described in the lower
Safford basin by Marlowe (1961), occurs widely in the northwestern part
of the upper Safford basin.

Sediments of the red facies were deposited

mainly in fluvial floodplain environments, and occupy an intermediate
geographic position between lacustrine deposits of the green clay
facies in the upper Safford basin and probably younger lacustrine
deposits of the white facies (Marlowe, 1961) in the lower Safford
basin.

The upper part of the facies was extensively eroded in the

upper Safford basin during the degradetional stage so that the remain
ing deposits belong largely to the lower Basin Fill.

However, an

estimated thickness of about 200 feet of red facies may be preserved
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along the margins of the basin above the camel track tuff marker bed.
Sediments of the red facies consist chiefly of dark reddishbrown, to light brown, silt, fine-grained sand, and clay, which occur
in very thin interlayered strata, or mixed in various proportions within
single strata.

The colors of deposits in exposed sections below the

camel track tuff generally are darker than those higher in the section.
Long, sweeping, gently inclined cross-beds are common in many of the
units.

Flat, massive bedding is also common in this facies.
Red and brown shales of the red facies grade downward into

sandier and more conglomeratic red beds in the Mack well (Figure 7),
near Pima, and in the Gila Oil Syndicate well (Knechtel, 1938, p. 204),
near Red Knolls.

The base of the red facies in the Mack well was picked

at an elevation of about 1,525 feet, at the top of the highest gravel
bed in the lower coarser-grained part of the section, which was assigned
to the basal conglomerate facies.
a

gypsum-and-shale

A calcareous sequence which contains

bed, and which is correlated with the evaporite

facies, is interbedded with red clay and sand units assigned to the red
facies in the Mack well.

Generally similar stratigraphic relationships

occur in the Gila Oil Syndicate well about 6 miles to the-northwest.
However, the lower part of the section in the Gila well contains a
higher proportion of red shale units, so that almost its entire section
is texturally similar to the red facies.

Also, the subsurface calcareous

sequence in the Gila well contains no evaporites.

The thickness of red

deposits, and interbedded calcareous units, in the Gila well is about
2,645 feet (Figure 10), and the entire thickness might be assigned to
the red facies.
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The section exposed at Red Knolls (Measured Section VI) is
viewed as a surface extension of the uppermost red clay in the Gila
Oil Syndicate well.

Some of the red clay beds in the Red Knolls section

probably are northwestward extensions of similar beds in the green clay
facies.

Southeast of Red Knolls, approximately equivalent red clay beds

are intercalated with green clay, near Thatcher.

The transition from

the red facies to the green clay facies occurs between Red Knolls and
Thatcher.

The change in color is accompanied by a slight coarsening of

texture in beds of the red facies and an increase in the number of crossbedded units.

The transition is accomplished by the combination of

interfingering and gradation.

Limestone and tuff beds near the top of

Red Knolls provide markers for correlation with other outcrops in the
vicinity.
The red facies grade upward and laterally into the orange silt
and conglomerate facies of the upper Basin Fill, and the two facies are
lithologically indistinguishable in many areas.

Darker color and the

absence, or scarcity, of coarse-grained channel-fill deposits in the
red facies are features which may be used to distinguish the deposits
from those of the orange silt and conglomerate facies.

The distinction

between the two facies is largely geographic; the red facies mainly are
deposits of the northwestern part of the basin, and the orange silt and
conglomerate facies mainly are deposits associated with the ancestral
Gila and San Simon drainages southeast of Thatcher.

Actually the dis

tinction between the two facies generally is not necessary, because
their lithologic similarity indicates similar conditions of sediment
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supply and depositional environments.

Therefore, recognition of the

stratigraphic position, the geographic location, and the geologic re
lationships of the two facies to other units can be regarded as more
significant than the definition of a boundary between the two similar
facies.

The dark reddish-brown units (Plate 5a), which are more dis

tinctive of the red facies, generally are exposed only in the north
western part of the basin at about the same stratigraphic level as the
green clay facies, and, therefore, belong mainly to the lower Basin
Fill.

Lighter-brown units are largely restricted in exposures to the

northeast side of the basin, mainly southeast of Thatcher.

They occur

stratigraphically at levels mainly above the green clay facies.

Lower

Basin Fill textural analogs occur in the subsurface sections penetrated
by the Kennecott wells between Safford and the Gila Mountains, but it
is not known if they are dark-brown or light-brown in color.
The gradation of the upper Basin Fill orange silt and conglom
erate facies into the upper red facies is accomplished mainly by the
gradual disappearance of channel conglomerates toward the northwest.
Limestone of the lower zone of the calcareous facies is interbedded with the red facies in localities in and near lower Bear Springs
Flats, and the mainly interstitial upper zone of the calcareous facies
is weakly, but extensively, developed in the upper red facies, and
equivalent deposits, along both sides of the basin.

These calcareous

zones are distinct from the calcareous sequences in the subsurface
sections of the red facies in the Mack and Gila Oil Syndicate wells.
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The greatest known thickness of deposits that possibly can be
assigned to the red facies occurs between the bottom of the Gila Oil
Syndicate well and the top of the nearby exposures near Red Knolls.
The elevations of the bottom and top of this composite section are
about 100 and 3,150 feet, respectively, above sea level.

However, the

more sandy section below 1,525 feet elevation in this well might be
assigned more properly to the basal conglomerate facies, as in the Mack
well (Figure 7).

Thus, in the center of the basin, the total thickness

of the red facies section, including the subsurface calcareous zone, is
at least 1,625 feet.

Additional thicknesses of red facies occur along

the basin margins northwest of Red Knolls, but the exact amounts are
not known.

The marginal sections probably would add only 300 or 400

feet to the composite thickness of the red facies in the upper Safford
basin.
The occurrence of deposits of the red facies in both the upper
and the lower Safford basins provides a direct stratigraphic link
between the two depositional areas.

However, it is not entirely clear

whether the red facies in the lower basin are equivalent to the upper
or the lower part of the red facies section in the upper .basin.

Correla

tion of the camel track tuff, in the upper part of the .red facies at
Red Knolls, with Marlowe's (1961) reservoir tuff, low in the exposed
section in the lower basin, indicates that the exposed red facies in
the lower basin probably are equivalent to upper Basin Fill units in
the upper basin.
The stratigraphic equivalence of the red facies to the green
clay facies, and lower units, in the upper Safford basin indicates
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that its deposition began during the Pliocene, or earlier, time.

The

stratigraphic equivalence of the upper beds of the red facies to the
orange silt and conglomerate facies indicates that deposition of the
red facies continued well into the Pleistocene.

Calcareous Facies

The calcareous facies are defined as two stratigraphic zones
of carbonate deposition, one below the camel track tuff marker bed, in
the lower Basin Fill, and one above the tuff, in the upper Basin Fill.
The upper zone differs from the lower in two main respects:

the upper

zone is much thicker than the lower, and the upper zone is represented
almost entirely by interstitial carbonates and discontinuous carbonate
structures within clastic host sediments, whereas the lower zone is
represented mainly by one or more limestone beds.

A 130-foot thickness

of the stratigraphic interval which contains the upper calcareous zone
was measured at the camel track locality (Measured Section XII), and
this thickness is typical of the southwest side of the basin.

Less

than one-half that thickness actually consists of carbonate-enriched
deposits.

The corresponding stratigraphic interval on the opposite

side of the basin is about 120 feet, or less, and no more than onefourth that thickness consists of carbonate-enriched beds.

The zones

on either side of the basin are separated as a result of degradational
stage erosion of the axial area.

The lower zone crops out mainly in

the axial area of the basin, and south of the Gila River southeast
from Bear Springs Flats.
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Both zones of the calcareous facies are well exposed in the
upper Bear Springs Flats area at the camel track locality (Plate 2b,
and Figure 11).

At this locality (Measured Section XII), the lower

zone consists of thin-bedded, dense, nearly pure, to sandy and clayey
limestone; thin-bedded, well-sorted, coarse-grained sand and granules;
and continuous zones of abundant calcareous concretions and calcareous
pebbles, which are included in both fine-grained and pebbly-textured
beds.

The exposed thickness of the lower zone at this locality is

about 20 feet, the greatest observed, in the upper Safford basin.
Numerous tracks of large animals, chiefly camels, are present on some
of the thin limestone beds, and these tracks were responsible for the
designation of the area as the "camel track locality".

The camel

track tuff attains its maximum thickness in this area and derives its
name from the locality.
The upper zone of the calcareous facies is also well exposed
at the camel track locality.

It consists of several hard calcareous

sandstone beds up to 4 feet thick, thin stringers of sandy limestone,
and zones of calcareous nodules, all rather widely dispersed through
a section of clastic sediments assignable to the piedmont, facies.

The

non-calcareous beds in the section consist mainly of green to light
brown sand and silt and orange-brown clayey silt.
present, as well.

A few clay beds are

The upper calcareous zone is separated from the

lower by brown to purplish-gray, dirty, coarse-grained sand and sand
stone containing a few thin calcareous interbeds and zones of calcareous
concretions, many of which are reworked.

The section intervening
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between the two calcareous zones is about 35 feet thick, which is some
what thinner than the typical intervening interval on the southwest
side of the basin.

The camel track tuff marker bed occurs within this

intervening, non-calcareous section, about 10 feet below its top.

A

second tuff bed, a few inches thick, occurs in the section approximately
120 feet above the camel track tuff, near the top of the upper calcareous
zone.

The camel track locality is considered to be the main locality

for definition of the calcareous facies.
Away from the main locality, the lower zone of the calcareous
facies occurs near the level of the valley surface in Bear Springs
Flats, but its projected elevation in this part of the basin is above
the Gila River.

Impure limestone about 2 feet thick, is a prominent

ledge former at Red Knolls (Measured Section VI), and two lower cal
careous zones occur there.

The limestone bed there has been bared by

erosion just southeast of the "amphitheater" knoll, and it caps a nearly
flat, elevated ledge of a few acres extent (Plate 3b).

Cracks in the

limestone cap have been widened by collapse, and to some extent by
solution, and surface runoff into the cracks has excavated several long
tunnels in the underlying soft clayey silt.

Around the western margin

of the ledge, limestone roof blocks of former tunnels and overhangs
have collapsed and form a chaotic topography of tilted blocks where the
scarp of the ledge has retreated.

The limestone is dense, hard, and

sandy and contains the remains of m o Husks and charophytes.

A clean

tuff bed, 2 to 3 feet thick, occurs about 45 feet above the limestone,
a relationship much like that of the lower calcareous zone to the tuff
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marker bed at the camel track locality.

The Red Knolls limestone is

assigned to the lower zone of the calcareous facies mainly on the basis
of this similarity of stratigraphic relationships.

The enclosing beds

at Red Knolls are believed to represent interfingering lower Basin Fill
units of the red facies and some red clay beds belonging to the green
clay facies.

The presence of a thin green clay bed just below the tuff,

the high clay content of some of the red beds, and the presence of
disseminated gypsum and shards of volcanic glass support the assignment
of the Red Knolls section to the upper part of the lower Basin Fill.
In the area between Red Knolls and the camel track locality,
only a few isolated outcrops of limestone were observed.

At Bear

Springs (Measured Section V) and Bear Springs Knoll (Measured Section
XI) the lower zone of the calcareous facies comprises zones of thin
limy stringers and calcareous nodules (Plate 3a), which occur in green,
orange, and gray sand, silt, and clay beds.

Numerous zones of ferrugin

ous sandstone concretions and plates of iron, and possibly manganese,
oxides also occur in the section below the camel track tuff at Bear
Springs.

A yellow-weathering tuff bed, about 6 inches thick, occurs

below the lower calcareous zone at both Bear Springs and .Bear Springs
Knoll, about 90 feet below the camel track marker tuff.

It is inter-

bedded with green sandy clay at both localities and may be the same
bed as a pink, to orange, weathering tuff which is interbedded with
green clay along the first scarp above the Gila River flood plain
between Pima and Thatcher.
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Units possibly correlative with the lower zone of the cal
careous facies elsewhere along the southwest side of the basin include
a thin oolitic limestone interbedded with laminated green and red clay
units of the green clay facies.

This limestone bed (Plate 2a) is ex

posed in two outcrop areas east and west of the Frye Mesa Road, about
3-1/2 miles southwest of Thatcher.

Both outcrops occur at an elevation

of about 3,190 feet above sea level.

East of the Frye Mesa road, the

bed occurs at the base of the Thorpe Tank section (Measured Section XVII).
A single footprint about the size of, and resembling, that of a large
deer was recovered from the oolitic limestone.

The sediments inter

vening between the limestone and the camel track tuff marker bed at the
Thorpe Tank locality are about 110 feet thick and are mostly gypsiferous,
limonitic, sandy, laminated yellow and green clay; these beds were
mentioned previously as the evaporite zone near the top of the green
clay facies.

No exposures of a similar limestone bed were observed in

the probably equivalent section (Measured Section XXI) just south of
the-Safford airport.

However, the bed might be present there just below

the base of the exposed section.
A petrographically similar oolitic limestone bed occurs a few
miles northwest of the airport in

the first scarp above the Gila River

floodplain at the Graham Cemetery

locality.

ever, is cross-bedded, and occurs

in a section of sediments that are

This limestone bed, how

interpreted to be shoreline facies of the green clay.

Since it occurs

at an elevation 220 feet topographically lower than what appear to be
more truly lacustrine deposits in the Thorpe tank section, postdepositional tilting of more than 220 feet toward the northeast would
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be required to explain the apparent depositional relationships between
the localities.
• Interstitial carbonates which cement some of the delta facies
northeast of Solomon are viewed as probably correlative with the lower
zone of the calcareous facies.

The cementation of these coarse-grained

beds may reflect syngenetic calcareous deposition in an area where the
contemporary supply of clastic particles was greater than in those areas
of limestone deposition.

The stratigraphic elevation of the cemented

beds of the delta facies near the top of the lower Basin Fill indicates
approximate concordance with the other occurrences of the lower cal
careous zone.

Also, the accumulation of ferruginous sandstone concre

tions in some of the delta facies beds is similar to the occurrence of
ferruginous concretions and plates in the lower calcareous section at
Bear Springs (Measured Section V).
The upper zone of the calcareous facies and the host clastic
sediments at Bear Springs resemble those at the camel track locality.
However, the upper calcareous zone at Bear Springs is thinner, probably
because of erosion, and has a slightly higher calcareous content.

.It

consists of several hard calcareous sandstone beds, many very thin
sandy limestone beds, and zones of abundant, large calcareous nodules
(Plate 3a).

The host clastic sediments at Bear Springs are mainly

coarse-grained, rather poorly sorted green and gray sand assignable to
the piedmont facies; these beds alternate with orange silt beds, prob
ably assignable to the upper part of the red facies or to the lower part
of the orange silt and conglomerate facies.

Begradational stage erosion
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has sharply truncated the upper part of the Basin Fill section between
Bear Springs and the Gila River, which makes it difficult to correlate
the axial with the marginal units in this area.

Structural deformation

(Plate 10) of small scale between Bear Springs and the axis of the
basin also impedes correlations in the area.
Units of the upper zone of the calcareous facies occur widely
in the lower part of the piedmont facies southeast of Bear Springs Flats.
The upper zone of cementation in the lower piedmont facies maintains its
stratigraphic position above the camel track tuff* along the entire
piedmont area from the camel track locality to the east end of the
Pinaleno Mountains.

The thin tuff bed near the top of the upper cal

careous zone at the camel track locality was identified at only one
other locality, Cluff Ranch (Measured Section XIII).

However, tuff-

aceous, calcareous siltstone occurs at a comparable stratigraphic posi
tion near the top of Freeman Mesa, above Measured Section X I X , and in
scattered outcrops to the southeast.

Development of spherulitic cemen

tation in sandstones is fairly common in the piedmont area, and is
associated with the development of euhedral sand-calcite crystals at
the Mud Springs locality (Measured Section XV).
The upper zone of the calcareous facies is present, also, on
the northeast side of the basin, but it is less widely exposed there,
and generally more poorly developed than on the southwest side.

The

pale-colored silts which predominate on the northeast side of the basin
generally have a moderate amount of disseminated carbonate throughout.
The greatest concentration of carbonates, there, occurs in the few
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sandstone and conglomerate beds of the orange silt and conglomerate
facies, which are most abundant between Safford and Sanchez.

Spherulitic

cementation of sandstone, and small sand-calcite crystals (Plate 4)
occur in these sediments, above the green clay facies, in the area just
south of the Safford airport.
Numerous thin sandy limestone beds, thin well-cemented sand
stone beds, and zones of calcareous nodules are scattered through the
section of light-brown silt and sand above the camel track tuff marker
bed in Bryce Wash (Measured Section XIV), 5 miles north-northeast of
Pima.

The section above the marker tuff is about 120 feet thick, and

the upper surface has been truncated by degradational stage erosion.
The Bryce Wash upper calcareous zone bears a fairly close resemblance
to sections above the marker tuff in the vicinity of Bear Springs
(Measured Sections V and XI).

The main difference in the Bryce Wash

section is that the host elastics are fine-grained beds of the orange
silt and conglomerate facies, and do not include coarse-textured pied
mont facies which are so widespread on the southwest side of the basin.
The elevations of the Bryce Wash section between the camel track tuff
and the eroded top of the upper calcareous zone fall approximately
between 3,250 and 3,370 feet.

These elevations are within about 50

feet of those of approximately correlative stratigraphic positions at
Bear Springs (compare Measured Sections XIV and V).

Both sections are

about the same distance, 3 miles, from their respective mountain fronts.
Calcareous-cemented channel conglomerates and sandstones occur
in many areas of the central part of San Simon Valley, between Cactus
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Flat and the 111 Ranch locality.

These well cemented beds commonly

form caps on low mesa-like hills at elevations of about 3,040 to 3,080
feet.

These beds are stratigraphically above the green clay facies in

the valley, and well below the fossiliferous section at 111 Ranch, which
lies to the east.

Even though the stratigraphic intervals could not

be measured because of scarcity of outcrops in the valley, it is likely
that the calcareous cement of these conglomerates and sandstones is
correlative with the upper calcareous zone.

The strong perminerali-

zation of fossil bone fragments in some beds indicates that they are
not degradational stage terrace deposits, which their geomorphic position
might suggest.
Study of the calcareous deposits of the upper Safford basin
revealed some interesting petrographic features of the sediments, and
provoked some conclusions about their environments of deposition.

All

the limestone samples and most of the interstitial carbonate samples
were predominantly composed of micrite, which, according to Folk (1959),
is microcrystalline calcite smaller than 5 microns in diameter, and
which he groups with the orthochemical (authigenic) elements.

However,

some microspar (clear calcite in the range of about 5 to 10 microns and
exhibiting a mosaic structure) was present in many of the samples.
Sparry crystals (larger than 10 to 15 microns) which Folk (1959) desig
nates a criterion of authigenic calcite, were present in the interstitial
spaces of cemented sandstone and coarser-grained rocks, in filled voids
and cracks of both limestone and calcareous clastic rocks, as part of
the internal structure of oolites, in zones of replacement of individual

71
mineral grains, oolites, pellets and other objects.

Micritic texture,

alternating with sparry calcite in thin laminae, was observed in one
specimen of travertine which was collected from the lower Safford basin
for petrographic comparison.

Two types of macrocrystalline, poikilitic

calcite occur in some of the coarse clastic rocks:

spherulitic cementa

tion, and euhedral to subhedral sand-calcite crystals.
The great preponderance of micritic calcite over sparry calcite
in sediments of the upper Safford basin coincides with the writer's
observation of post-Mesozoic nonmarine carbonates, in general.

The

syngenetic occurrence of micritic calcite in lacustrine limestones and
its subaerial diagenetic emplacement as caliche indicate the wide range
of environments under which it may be deposited.

The overwhelming

abundance of micrite in nonmarine carbonates indicates that these tiny
crystals are probably the fundamental unit of calcite precipitation in
most calcareous environments.
The possible significance of microspar occurrence is not clear,
but the interlocking crystal growth indicates crystallization in place.
Patches of microspar development occur in some of the micritic samples,
and some entire thin-sections were composed of the material.

It is

possible that the patches of microspar, which lack zonation or gradation,
may represent local recrystallization of micrite.

It is also possible

that the distinction, at least in some cases, between micrite and
microspar may be arbitrarily determined by the limits of microscope
resolution.
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Sparry calcite is the predominant form in cements of most of
the sandstones investigated, and its occurrence in the interstices
of the clastic host is analogous to its occurrence in voids of other
rocks.

Judging from the specimens examined, mosaics of approximately

equidimensional, anhedral crystals represent the growth, in place, of
calcite precipitated from connate or introduced solutions.

It is sig

nificant that none of the limestones showed sparry mosaic texture,
except in cavities, oolites, or replacement zones, or as rings encircling
unaltered grains.

If any of the limestones had shown a predominantly

sparry texture it probably would have been interpreted as the result of
recrystallization, because of the general predominance of micritic
texture, and the obviously diagenetic or epigenetic origin of most of
the sparry calcite in both clastic and chemical rocks.
The term "fiberspar" was coined during this study to describe
bands, or rings, of fiberous, sparry calcite, which occur around mineral
grains or other objects, and which make up the non-micritic laminae of
the travertine sample.

The fiberous nature of this spar is distinctive,

and apparently results from crystallization upon a smooth surface.

The

long axis of the fibers is almost invariably at right angles to the
smooth surface against which the crystals have formed, and their long
dimension generally is somewhat smaller than that of equidimensional
spar seen in this suite of samples.

Part of the internal radial struc

ture of oolites probably is due to successive periods of fiberspar
growth.

This is especially evident where the internal structure is

made up of concentric rings, or shells, of fiberspar.

The single
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specimen of travertine examined showed laminae alternately composed of
either micrite or fiberspar, with equidimensional spar occurring only
in cavities formed by convolutions of the laminae.

It is possible

that the fiberspar laminae and the sparry cavity fillings are indicative
of periods of continuous wetting and crystal growth, and that the micrite
laminae indicate periods of discontinuous wetting and interrupted crystal
growth, or precipitation from evaporating solution.
The distinction between spar and fiberspar around mineral grains
was used as one criterion of replacement of mineral grains by calcite.
The presence of spar in corrosion embayments of many different minerals
was observed.

Hornblende and plagioclase feldspars apparently have

been very susceptible to replacement by calcite in the nonmarine envi
ronments of the upper Safford basin.

Quartz, orthoclase, and many other

igneous minerals have been similarly corroded by calcite.

The nearly

complete replacement of some mineral grains is indicated by the presence *
of adjacent relicts which show optical continuity, and are spearated
by a zone of equidimensional sparry calcite, containing inclusions,
and commonly bounded by a "dust" ring delineating the original shape
of the mineral grain.

The relicts commonly are partly bounded, along

unaltered margins, by a discontinuous ring of fiberspar which may
continue along the "dust" ring delineating the original grain boundary.
Margins of unaltered mineral grains, oolites, and other bodies commonly
show a continuous ring of fiberspar.
Two rather unusual types of interstitial calcite were observed
in some of the sandstones of the upper Basin Fill:

spherulitic
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cementation, and sand-calcite crystals.

Both types consist of large,

poikilitic crystals, and both types occur in clastic hosts in which
original porosity was high.

Spherulitic cementation consists of anhe-

dral, subspherical, closely packed, randomly oriented calcite crystals,
generally 1 to 2 mm in diameter, but occasionally much larger.

In the

upper Safford basin the spherules occur only in red, well cemented,
cross-bedded, sandstones.

Cleavage faces of the individual calcite

spherules produce a pearly luster, or mottling on unweathered surfaces.
It is possible that the calcite spherules are genetically related to the
pseudo-oolites mentioned by Folk (1959), and others.
Sand-calcite crystals are euhedral to subhedral, generally
hexagonal, doubly terminated calcite crystals which contain as much as
60 per cent, by volume, of included sand grains.

Crystals from the

two localities in the upper Safford basin range from about 10 mm to
more than 80 mm in length, varying, in general, with the grain-size of
the host elastics.

Where they were observed in place, the crystals

have grown in friable sand beds, adjacent to well cemented sandstones
(Plate 4).

Host elastics generally are very fine- or fine-grained

sands, but some occurrences were in very coarse-grained sand, and a
few large crystals enclosed pebbles as large as 10 mm.

Subhedral forms

were ovoid in shape and their curved faces were visible only in bright,
directly reflected light.

The degree of evelopment of planar faces

and sharp corners apparently is controlled by a relationship between
crystal size and the grain-size of the host elastics.

Small crystals

in medium to coarse-grained sand tended to be more ovoid, or even
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subspherical, whereas the larger crystals in the same bed had flatter
faces and sharper corners.

This relationship between size and shape

of sand-calcite crystals and the grain-size of the host elastics might
explain the spheroidal shape of the small crystals in spheroidal cements.
Calcareous botryoidal accumulations in red, cross-bedded, arkosic,
coarse-grained sandstone and granule conglomerate are common in some of
the calcareous piedmont deposits south-southwest of Safford.

At Freeman

Mesa they have weathered out in large numbers and resemble dull red
marbles littering the ground.
crystalline.

Internally, the botryoids are poly

The characteristics of the host elastics of the botryoids

are very similar, except in grain-size, to the characteristics of the
elastics showing spherulitic cementation.

This may suggest that the

two forms are genetically related, and that size of the subspherical
bodies in the calcareous cement may be controlled by the grain-size of
the host elastics.
Features of the deposits of the two zones of the calcareous
facies provide interesting similarities and differences which aid
interpretations of their environments of deposition.

The high carbonate

content of the limestones and the low proportion of sand,, or larger,
grains indicate that the beds of the lower zone were deposited in low
energy environments, probably in standing bodies of water.

This inter

pretation is supported by the presence of charophytic algae and moHusks
in the Red Knolls limestone, and by the association of the limestone
beds with laminated clay and evaporites at the Thorpe Tank, and nearby,
localities.

The thinness and lateral discontinuity of the limestone
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beds of the lower zone indicates that they were deposited in isolated
small lakes, or in isolated environments around a large lake.

The

lateral discontinuity of the occurrences, and the oolitic texture of
some of the beds indicate that they were probably deposited in shallowwater environments.

The presence of animal tracks on the bedding sur

faces of some of the limestones of the lower calcareous zone is the
clearest evidence that the lakes in which these beds were deposited
were not deep.

The stratigraphic proximity of the lower zone to the

camel track tuff, above it, indicates that the lower zone has a restricted
time significance.

However, the individual beds in each of the out

crops may not be precisely correlative.

The stratigraphic position of

the lower calcareous zone just below evaporite deposits, which occur
near the top of the green clay facies, suggests that the limestone in
the vicinity of the Thorpe Tank locality may have been deposited in
response to the general desiccation which, also, caused the deposition
of the evaporites, and the disappearance of the large lake in which the
green clay was deposited.

Therefore, deposition of the limestone beds

of the lower calcareous zone may have been controlled, or strongly
influenced, by climate.
Evidence indicates that deposition of the interstitial carbonates
of the upper calcareous zone took place in flood plain, or valley flat,
environments.

Some of the carbonates probably were laid down in shallow

lakes or ponds on the valley flat, but most probably were precipitated
from shallow ground-water solutions shortly after deposition of the
host elastics.

Whereas the lower calcareous zone carbonates are
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associated with deposits of the waning phases of a large lake, those of
the upper calcareous zone are associated mainly with deposits of fluvial
and small-lake environments.

Carbonate deposition on flooded surfaces,

or in extremely shallow lakes, is indicated by very thin micritic lime
stone plates intercalated with sand and silt in many localities.

Syn-

genetic deposition of at least some of the upper calcareous zone car
bonates is indicated by a low proportion of uniformly disseminated
calcite in many of the friable silstone and clay units, whose permea
bilities are so low that postdepositional accumulation seems unlikely.
Shallow subsurface control of interstitial carbonate precipitation is
suggested by the selective cementation of some sandstone beds where
immediately adjacent, uncemented beds show textural and compositional
characteristics similar to the cemented beds.

The sparry calcite

cement of many of the cemented beds is taken to indicate deposition
in a continuously wetted environment, that is, below the water table.
Therefore, shallow subsurface control of sparry calcite precipitation
would imply that the water table was very near the ground surface.
Caliche, or other forms of pedogenic carbonate, were not definitely
recognized in the upper calcareous zone, but they may be .represented
by some of the beds impregnated with micritic cement, the predominant
form in caliche deposits.

The possible significance of the abundant

calcareous concretions and nodules, spherulitic cement, botryoids,
and sand-calcite crystals is not known.

Some of the concretions and

nodules are clearly diagenetic, as evidenced by included structures
of the host elastics, or by poikilitic texture of the crystals in some
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cases.

It is possible that some of the nodular zones could be classed

as incipient, or discontinuous, limestone beds; in some localities
the nodules are so abundant that they coalesce and form limestone beds
a few inches thick over a small area.

It is likely that most of the

spheroidal forms which are composed of micritic calcite have accumulated
in response to very localized chemical controls around nuclei.
The two zones of the calcareous facies in the upper Safford
basin probably are correlative with at least part of the white facies
described by Marlowe (1961) in the lower Safford basin.

It is note

worthy that the white facies were deposited mainly in lacustrine environ
ments, and are more calcareous through a thicker section than any of the
deposits of the calcareous zone in the upper Safford basin.

Plate 9a

shows a typical outcrop of the white facies in the lower basin, and this
may be compared with Plates 2, 3, 4, and 5, which show outcrops of the
calcareous facies in the upper basin.

Marlowe (1961) postulated that

local volcanic activity may have contributed much material to the white
facies, and may have influenced carbonate precipitation.

These influ

ences, along with local damming by volcanic rocks and pyroclastics,
may account for the white facies being much thicker than the calcareous
facies of the upper basin.

It is also possible that local subsidence

in the lower Safford basin might have accompanied the volcanic activity
there, resulting in a thicker accumulation of upper Basin Fill deposits,
in general, than occurred in the upper basin.

However, Marlowe (1961)

did not favor the possibility of local subsidence during deposition of
the lower Safford basin facies.

If the deposits are, indeed, correlative,
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floodpalin deposition of interstitial carbonates in the upper Safford
basin contemporaneously with lacustrine deposition in the lower Safford
basin is evidence of the semi-independent histories of the two sub
basins.
Vertebrate fossils of Blancan age were recovered from deposits
within, and just below, the stratigraphic interval of the calcareous
facies at several localities in the basin.

Most of these fossil locali

ties were in the piedmont area of the Pinaleno Mountains.
Interbedding of the lower zone of the calcareous facies with
the uppermost deposits of the green clay facies indicates that its
age probably is latest Pliocene.

Initiation of calcareous deposition

late in the history of the large lake in which the green clay was depos
ited is interpreted as the first indication of the onset of more arid
conditions.

The higher stratigraphic position of the upper zone of the

calcareous facies, above the green clay facies, indicates that its age
probably is lower Pleistocene.

Facies of the Upper Basin Fill

Camel Track Tuff Marker Bed

Several waterlaid tuff beds are intercalated with Basin Fill
sediments (Plates 5a, 6a, 8b, and 10).

In the lower Basin Fill they

are known mainly in the upper part of the section, whereas in the upper
Basin Fill they are scattered irregularly through the section.

Use of

the tuff beds for, correlation is made difficult by the generally close
similarity of their petrologic characteristics, by the lateral
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discontinuity of the beds, by various degrees of alteration or adulter
ation of the tuffs, and by unequal rates of accumulation of sediments
intervening between tuff beds in different parts of the basin.
One of the tuffs commonly is thicker and less altered than the
others, and was given the field term "camel track tuff", so named from
the camel track locality where it attains its maximum thickness of
nearly 8 feet.

In other localities it generally is less than 3 feet

thick, and probably averages about 1 or 2 feet (Figure 11).

The camel

track tuff can be traced widely over the southwestern side of the basin,
from near the northwestern boundary to the area a few miles east of
Frye Mesa.

It occurs most commonly within the lowermost 50 feet of

sediments of the piedmont facies, and locally it rests directly upon
the uppermost deposits of the green clay facies.

It has been recognized

confidently on the northeast side of the basin only in the area of
Bryce Wash, 3 to 6 miles north of Pima.

In this area it is interbedded

xtfith deposits of the orange silt and conglomerate facies, and attains
a thickness of about 6 feet in one outcrop there (Measured Section XIV).
Its use as a marker bed is facilitated by its stratigraphic position
about 25 to 50 feet above the limestone of the lower zone, of the cal
careous facies in some areas, and by its widespread occurrence just
above the green clay facies.

The camel track tuff conveniently serves

to mark the approximate boundary between the lower and the upper Basin
Fill, even though it occurs somewhat higher, stratigraphically.
The camel track tuff is made up of at least two subunits in its
eastern area of occurrence, in the Red Knolls area, and possibly in
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several other localities.

Possible causes of multiplication of the

tuff into sub-units include multiple eruptions of ash, or redeposition
of ash from previously deposited tuffs.

Even though the presence of

laminae, cross-bedding, and non-pyroclastic interbeds indicate a waterlaid origin, the relatively high purity and low degree of alteration
of shards in the camel track tuff indicate that very little sedimentary
transport or reworking preceded its deposition in most localities.
Therefore, multiple eruptions of ash are viewed as the most likely cause
of multiplication of the tuff into sub-units.
The sedimentary interval separating the sub-units of the camel
track tuff varies widely over the basin, and the general petrologic
similarity of all tuffs in the basin makes recognition and identification
of sub-units difficult.

It is possible that any single bed identified

as camel track tuff in an isolated outcrop might be correlative with
a slightly older or younger sub-unit in another outcrop.

Conversely,

some of the tuff beds in the basin which are composed of altered shards
may have originated from the same ash fall as one of the sub-units
of the camel track tuff, but they may not have been recognized because
of the alteration.

Because of these possible relationships of closely

spaced tuff beds, the practice of using a tuff as an isochronous datum
must be viewed with some caution, unless it can be demonstrated that
only a single ash fall is represented, or that one or more of the tuffs
has distinctive petrologic characteristics.

The complexity of the

problem of multiple tuff sub-units in the upper Safford basin is com
pounded by the increase of the thickness of the interval separating
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Locality

Number of Sub-units
Probably Equivalent
To Camel Track Tuff

Camel Track

at least 2

Approximate Interval
Between Sub-units

inches

Thorpe Tank

2

inches

Bryce Wash

3

inches

Freeman Mesa and
Hall Mesa vicinity

2

Red Knolls

2

12 ft.

Pima City Dump

2(?)

20 ft. (?)

Lower Bear Springs
Flat

2

36 ft.

Cluff Ranch

2<?)

25 ft. (?)

Bear Springs

1

---

Bear Springs Knoll

1

--

TABLE 1.

10 to 15 ft.

Stratigraphic interval between sub-units of tuff beds
probably equivalent to camel track tuff marker unit.
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them from only a few feet in some localities to tens of feet in other
localities (Table 1).
The problem of recognition of sub-units of a tuff and defini
tion of the permissible interval separating them was not adequately
resolved during this study.

It is clear that what may appear to be a

relatively homogeneous waterlaid tuff with only a few very thin nonpyroclastic interbeds, such as the camel track tuff, may represent
several ash falls.

Also, the thickness of the non-pyroclastic inter

beds may not be an accurate scale of the amount of time that elapsed
between ash falls.

The camel track tuff, with its sub-units, may repre

sent a stratigraphic interval 35 feet thick in some localities, but
only 3 to 8 feet thick in other localities.

It is possible that it

might represent an even thicker stratigraphic interval at some unknown
locality.
The petrologic characteristics of some samples from the camel
track tuff, and from stratigraphically higher and lower tuffs, are shown
on Figure 11.

The stratigraphic relationship of each bed to other tuffs

in the local sections is indicated in one column of the table.

No

samples definitely known to be from the stratigraphically higher tuffaceous lacustrine facies were analyzed, but the three highest known
samples (MS 113, MS 119, and MS 122) might correlate with some part of
that facies.
The petrologic characteristics analyzed were color, shard
size, shard shape, index of refraction, and heavy mineral content.
Additionally, differential thermal analyses were performed on four of
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the samples.

These analyses, which are not shown, indicated only an

initial loss of water, and the curves could not be used to distinguish
the samples.

Color and texture, along with bed thickness, were the

principal criteria used to distinguish tuff beds, or groups of tuff
beds, in the field.

The laboratory analyses indicate that the field

criteria are about as reliable for identification of the tuff beds in
the upper Safford basin as are the detailed petrographic characteristics.
Many of the petrologic characteristics reflect, to some extent, the
effect, and degree, of alteration of the volcanic ash.
is directly related to alteration,

Color probably

the pink or yellow tuffs generally

being the most altered, the white tuffs the least altered.

Adultera

tion by non-pyroclastic particles commonly resulted in a gray color.
Other effects of alteration are reduction in shard size, predominance
of granular shards over other shapes, and a lowering of the index of
refraction as a result of hydration and conversion of glass to montmorillonite.

Alteration of the tuffs might be expected to effect a

reduction in the quantity and relative abundance of some of the heavy •
minerals, but this effect is not consistently evident in the pink and
yellow, highly altered samples analyzed (Figure 11).

It .is likely

that many of the heavy minerals are non-pyroclastic silt-sized adul
terants, derived from clastic sources, or possibly by authigenic growth.
The abundance of amphiboles in almost all the colored and white samples
(Figure 11) may indicate that they are elastically derived adulterants.
Gypsum and anhydrite, which were identified in two of the samples, are
probably authigenic, but might be of clastic origin.

Brownish-hued
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biotite grains commonly showing frayed edges ("Biotite-Z" on Figure 11)
show evidence of weathering and sedimentary transport.
Black, unweathered, commonly euhedral biotite ("Biotite-1" on
Figure 11) is a moderately abundant heavy mineral in most of the tuff
beds sampled.

The fresh appearance and commonly hexagonal outline of

the grains indicate that the biotite probably was deposited syngenetically with the shards, and that it may have been derived from the same
volcanic source.

Some grains of this biotite have circular holes whose

diameter exceeds the thickness of the individual platelet.

A spherical

mineral grain, identified as zircon, was observed in place in one of the
biotite platelets under the microscope, and the diameter of the inclusion
was about the same as the diameter of the holes observed in other biotite
platelets.

Although this single observation of a spherical inclusion

is not compelling evidence, it provides a logical explanation for the
circular holes in the biotite grains.

The great rarity of biotite

grains containing inclusions might be explained by the relationship of
the diameter of the inclusion considerably exceeding the thickness of the
platelet, making the inclusions easy to dislodge.

No pleochroic halos

were observed around any of the holes in the biotite, nor were they
present around the zircon inclusion.

This biotite was observed in 18

of the 21 samples analyzed (Figure 11) and, therefore, it can not be
used to distinguish any particular ash fall.

However, its nearly

universal occurrence in tuffs sampled in the upper Safford basin suggests
the possibility of a common volcanic source for all the ash falls, and
might provide a criterion for broad correlation with tuff beds in nearby
basins.
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The index of refraction of shards in most samples varied very
narrowly on either side of 1.500.
a considerably lower index.

Highly altered shards typically had

However, the refractive index of relict

shards in two samples from tuffs above the camel track marker bed
(MS 113 and MS 119) is 1.522 to 1.525.

This is considerably higher than

the average index of about 1.500 of unaltered shards in the other tuffs,
and much higher than the average of about 1.495 of altered shards.

The

higher index of the shards in the upper tuff samples might indicate a
higher index of the original glass, or it might indicate an increase of
refractive index resulting from incipient crystallization of the glass.
Many of these shards were weakly anisotropic, suggesting incipient
crystallization.
The most obvious materials with which the tuff beds of the
upper Safford basin might be correlated are the volcanic and pyro
clastic interbeds of the white facies described by Marlowe (1961) in
the lower Safford basin.

The camel track tuff is believed to represent

the same volcanic ash fall, or falls, as Marlowe's (1961, p. 22-23, 43)
reservoir tuff unit, which he traced from San Carlos to east of Bylas,
a distance of more than 14 miles.

Like the camel track t.uff, Marlowe

noted that the reservoir tuff occurred almost solely along the south
west side of the basin, and that it was composed of several sub-units,
at least in its westernmost area of outcrop.
near the base of the white facies.

The reservoir tuff occurs

Correlation of the camel track tuff

with the reservoir tuff is based on approximately accordant stratigraphic
position and topographic elevation of the units near the boundary between
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the two basins, the petrographic similarity of the unweathered shards
in each unit, and the similar maximum thickness of the tuff beds.

Also,

Marlowe noted the common association of the reservoir tuff with an
interbedded or underlying green clay bed a few feet thick.

This associa

tion is similar to that of the two sub-units of the camel track tuff
to a green clay bed at Red Knolls, not far from the boundary between the
basins.

If the correlation is valid, which it appears to be, the com

bined marker unit extends intermittently along the southwestern side of
the structural trough from San Carlos Reservoir to the piedmont area
south of Safford, a distance of 58 miles.
Vertebrate fossils of Blancan age have been recovered from beds
slightly below the camel track tuff.

The fossils are the horse Plesippus,

and they came from the Henry Ranch locality (Gazin, _in Knechtel, 1938,
p. 198) and from the lower part of the section at Red Knolls (John F.
Lance, personal communication).

The position of the camel track tuff

just above beds of the green clay facies indicates that the tuff prob
ably is early Pleistocene in age.

Samples were collected by L. R. Kulp

for potassium-argon age determination of the biotite, but the determina
tion had not been made at the time of this writing.

The .age would apply

to the Pliocene-Pleistocene boundary.

Orange Silt and Conglomerate Facies

Two texturally distinct phases of the orange silt and conglomer
ate facies are recognized in the upper Safford basin.

The lower phase

is much more widespread and consists of relatively thin-bedded, orange
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to tan silt and sandy silt units, alternating with smaller quantities
of sand and calcareous-cemented sandstone and granule or pebble conglom
erate.

The coarse-grained interbeds of the lower phase occur as channel-

fill deposits scattered widely over the San Simon Valley and extending
along the axis and the northeast side of the Safford Valley; they also
occur as thin alluvial sheets downstream from the Sanchez Gorge (Plate 5b).
The upper textural phase of the orange silt and conglomerate facies was
identified only in the area east and south of the Gila River where it
enters the basin by the Sanchez Gorge.

Deposits of the upper textural

phase consist of great volumes of massive-bedded pale-orange sandy silt
with much smaller volumes of cobble-to-boulder conglomerate.

Sandy

interbeds and calcareous cement are extremely scarce in the upper phase.
Sediments of the lower phase are known to rest disconformably
upon the green clay facies on the northeast side of the upper Safford
basin in the vicinity of Safford and Thatcher, and on the southwest
side of the basin in the vicinity of Pima (Plate 6a).

Deposits of the

lower phase overlie the green clay facies in the central area of the
San Simon Valley, also, but the nature of the contact there is not
known because of poor exposures in the low areas of the valley.

Like

other facies of the upper Basin Fill, the orange silt and conglomerate
facies have been extensively eroded from the central area of the basin.
Downward gradation of the lower phase into the delta facies,
which is correlative with the upper part of the green clay facies, is
recorded in outcrops between Solomon and Sanchez, just north of the
Gila River.

The textural and compositional similarity of the lower

phase to the underlying delta facies indicates a continuity of supply

89
and transport conditions, from at least the lower reaches of the Sanchez
Gorge, that existed during deposition of the lacustrine green clay
facies.
The sediments of the lower phase which overlie the green clay
facies at Safford grade laterally to the northwest into the upper
deposits of the red facies.

This lateral gradation results mainly

from the northwestward thinning and almost complete disappearance of
pebbly and coarse-grained sandy interbeds in the lower phase silts
away from the Sanchez Gorge.

Northwest of Thatcher, on the north side

of the valley, about the only criterion that can be used to distinguish
the lower phase of the orange silt and conglomerate facies from the
red facies is stratigraphic position.

Since the lower phase deposits

near Safford and in the San Simon Valley rest upon the green clay facies,
the orange silt and conglomerate facies may be regarded as generally
younger than the green clay.

Because the red facies grade into the

green clay, and older, facies, they may be regarded as generally older
than the upper Basin Fill.

However, there is no real lithologic dis

tinction between the upper deposits of the red facies and the deposits
of the lower phase of the orange silt and conglomerate facies north
west of Safford.
Light-tan and pale-orange silty beds are intercalated with the
generally coarser-grained beds of the piedmont facies on the southeast
side of the basin, but it is problematical as to whether these beds
should be assigned to the orange silt and conglomerate facies or to the
red facies, or whether they are fine-grained distal extensions of the
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piedmont facies.

As was mentioned earlier in the discussion of the

red facies, it is not as important to assign these silty beds to a
particular unit as it is to recognize their relationships to other
deposits.

These interbedded orange silts on the southwest side of the

basin indicate by their fine texture, position, and elevation that the
coarse-grained piedmont deposits originally interfingered, south of the
center of the basin, with finer-grained deposits like those now pre
served mainly on the northeast side of the basin.

The equivalence of

the orange silt and conglomerate facies with the piedmont facies is
further indicated by the interstitial development of calcareous cement
of the upper calcareous zone at similar elevations on both sides of the
basin, and by the directly observed relationships of the two facies in
the San Simon Valley.
A few calcareous-cemented channel conglomerates and sandstones
are interbedded with pale-orange silt in the center of the San Simon
Valley at low elevations.

The silt beds interfinger with the piedmont

facies around the Pinaleno Mountains, on the west side of the valley.
On the east side of the valley, the interbedded calcareous-cemented
sandstones and conglomerates decrease in importance upward, giving
way to more argillaceous and varicolored silt.

These deposits of the

lower phase, in turn, grade upward into tuffaceous silt, impure lime
stone, and other small-lake deposits of the tuffaceous lacustrine facies
at 111 Ranch.

The gradual vertical transition into the tuffaceous

lacustrine facies occurs between the elevations of about 3,350 and 3,450
feet.

North of the 111 Ranch locality, interbeds of sandstone and
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pebble conglomerate become more abundant in the upper Basin Fill sedi
ments, suggesting the effect of local contribution of large particles
from the north.

Tollgate Canyon, a large drainage heading in the

Peloncillo Mountains, probably was the chief contributor of materials
in these coarse-grained interbeds, but some of the materials, conceiv
ably, might have been contributed by the ancestral Gila River from the
north-northwest.

Deposits of the orange silt and conglomerate facies

extend up the lower reaches of Tollgate Canyon for several miles
(Figure 4), and the tuffaceous lacustrine facies was not recognized in
the upper part of the Basin' Fill sequence there.
The vertical succession of deposits of the lower textural phase,
north of Sanchez, shows a general similarity to the succession on the
east side of San Simon Valley.

Sediments of the lower part of the

section (Measured Section I) consist of silt beds intercalated with
sandstone and granule or pebble conglomerate.
of the coarse-grained beds is common.

Calcareous cementation

North of Sanchez, in a reentrant

canyon (Measured Section IV), the sandstone and conglomerate interbeds
decrease in importance upward, giving way to more argillaceous and
varicolored silts containing a few clay interbeds.

These; finer-grained

beds become tuffaceous toward the top of the section, where they grade
into diatomaceous tuff, tuffaceous silt, and green silty clay.

The

uppermost unit, whose original thickness was undetermined, is a brown,
friable, sandy, possibly tuffaceous, calcareous silt which contains
numerous calcified tubules, probably root fillings.

The upper tuff

aceous deposits resemble those at the 111 Ranch locality, 13 miles
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south-southeast, and are assigned to the tuffaceous lacustrine facies.
The vertical gradation into the tuffaceous lacustrine facies occurs
between the elevations of about 3,350 and 3,400 feet, slightly lower
than the same gradation in the San Simon Valley.

The total thickness

of the lower phase of the orange silt and conglomerate facies, below
the tuffaceous units, is about 350 to 400 feet, north of Sanchez.

The

entire thickness below the tuffaceous units is assigned to the orange
silt and conglomerate facies, although the beds above the elevation of
about 3,250 feet contain almost no conglomeratic interbeds.
Beds assigned to the upper phase of the orange silt and con
glomerate facies occur along the south side of the Gila River, about
2 to 3 miles upstream from the previously described section at Sanchez,
and at generally similar elevations.

The deposits of this phase consist

of pale-orange, extremely thick-bedded (up to 160 feet), nearly struc
tureless, slightly sandy silt, which contains lenses and "strings" of
very coarse cobble-to-boulder conglomerate.

The conglomerate particles

are mainly composed of basalt which resembles the volcanic rocks and
older conglomerates in the gorge and in outlying hills, nearby.

The

upper phase deposits are preserved only along the south and east side
of the Gila River where it enters the basin through the Sanchez Gorge.
The upper phase deposits rest directly upon basalt above the present
mouth of the gorge, and commonly lap against outlying volcanic knobs
which are partly buried by Basin Fill sediments in the area south of
the gorge.

Immediately below the present mouth of the gorge, deposits

of the upper phase occur above deposits which texturally resemble those
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of the lower phase.

The contact between the lower and the upper phase

was not observed, so it is not known whether it is conformable or disconformable.

However, the lithologic change occurs below the elevation

of 3,100 feet, which is considerably lower than the top of the highest
calcareous-cemented sandstones on the north side of the Gila River,
3 miles away.

The highest known beds of the upper phase occur above

3,500 feet elevation.

Thus, the total thickness of the upper phase"

exceeds 400 feet, and it occurs at elevations comparable both to the
upper part of the lower phase and to the tuffaceous lacustrine facies.
Depositional environments of the lower phase of the orange silt
and conglomerate facies were largely those of the axial part of the
basin, judging from the location of the sediments and from the large
quantities of silt present.

However, deposition of silt occurred within

very short distances of the Gila Mountain front, and in the piedmont
area of the Pinaleno Mountains.

The silts are regarded as typical of

the floodplain, or the valley flat, environment, where depositional
energies were low.

Large-scale, sweeping cross beds, current ripples,

and thin laminations of alternating clay-to-sand-sized materials, even
on the cross beds, support this conclusion.

The abundance of silt on

the northeast side of the basin, along the flanks of the Gila Mountains,
might suggest that much of the material came from the weathering of
volcanic rocks in those mountains, although the distribution may be
more related to the position of the main axial drainage.

The coarse

grained interbeds of the lower phase consist largely of volcanic rock
fragments.

The abundance of these coarse-grained interbeds near the

94
mouth of the Gila River indicates that much of this material was con
tributed to the basin from the ancestral Gila River drainage area.
The decrease of granule and pebble content away from the mouth of the
ancestral Gila River indicates diminishing current velocities away from
that source.

The occurrence of pebble conglomerate beds, in the lower

part of the deposits of the lower phase, near the center of San Simon
Valley, indicates the presence of an ancestral drainage in that valley,
also.

The upward decrease in pebble content may indicate a decrease in

stream competency, through time, or a decrease in availability of pebblesized particles in the source areas.

The influence of local supply of

the large particles is illustrated by the local abundance of these
materials in deposits at the mouths of large drainages such as the
Gila River and Tollgate Canyon, and in the alluvial aprons surrounding
mountains of great relief.

The accumulation of coarse-grained debris

around the flanks of the Pinaleno Mountains so dominated the sedimentational processes during this time that the coarse-grained deposits in
the piedmont areas are designated a separate facies of the upper Basin
Fill.
The abrupt change of depositional environments in•the center of
the basin near Safford, and in the San Simon Valley, from the lacustrine
environments of the underlying green clay facies to the fluvial environ
ments of the orange silt and conglomerate, and equivalent facies, indi
cates a major change in the environmental regime of the basin.

This

change might have resulted from a climatic shift toward conditions of
greater aridity and variability of climate, or from structural movements.
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The widespread production and deposition of coarse-grained materials
which are present as interbeds in the lower part of the upper Basin Fill
facies indicates that the change in the environmental regime was wide
spread, and not the sole result of local erogenic movement.

The decreas

ing importance of coarse-grained materials and the appearance of lacus
trine deposits in the upper part of the lower phase, and younger, de
posits indicates that the change in the environmental regime was not
simply the result of breaching of the basin outlet.

Sudden breaching

would have initiated widespread dissection and lowering of local base
levels.

The upward gradation of deposits of the lower phase into those

of the tuffaceous lacustrine facies is evidence that local base levels
were rising, not falling.

Therefore, it is likely that a climatic

shift toward conditions of greater aridity and variability was an impor
tant factor, and possibly the main one, that caused the change of
environmental regime widely over the basin.
The presence in the lower Safford basin of lacustrine sediments
of the white facies (Marlowe, 1961) above the reservoir tuff may indicate
that gentle tilting, or warping, may have initiated through-flowing
drainage toward the northwest in the upper Safford basin at about this
time.

The reservoir tuff is believed to correlate with the camel track

tuff in the upper basin, and this tuff is associated with deposits be
tween Safford and Pima which are equivalent to the lower, coarse-grained,
part of the lower phase of the orange silt and conglomerate facies.
The environmental significance of the upper phase of the orange
silt and conglomerate facies is quite distinct from that of the lower
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phase.

The enormous size-difference between particles in the silt beds

and in the boulder conglomerate lenses distinguishes the upper phase
deposits from all others in the basin.

This striking contrast of texture

within beds of the same phase also implies unique conditions of trans
port and deposition, as well as separate source areas of the boulders
and the silt particles.

The size and mainly basaltic composition of

the boulders indicate that they came from nearby source areas in the
Gila Mountains or from the gorge of the Gila River.

Their size indicates

that the competency of the currents that transported them must have
been very great.

The texture of the silt beds, if considered alone,

might be considered as indicative of a low-energy depositional environ
ment, were it not for the presence of the boulders.

The extremely

thick bedding and nearly structureless character of most of the silt
beds indicate rapid

deposition of large quantities of silt from a

stream of considerable volume.

It seems very unlikely that such large

volumes of rapidly deposited silt could have been derived from soils
in the local areas of boulder production.

Therefore, a voluminous

upstream source of silt is indicated.
The large volume of rapidly deposited silt, derived from a
distant, prolific source, and the presence in the same unit of locally
derived boulders so large as to require a stream of great competency
to transport them, suggest that the upper textural phase represents a
period of flooding of major proportions.

It is quite possible that this

unit was deposited in response to breaching of the C 1ifton-Duncan basin,
upstream.

Periodic overflow from the breached basin could have carried
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large volumes of silt from that basin and could have provided the
necessary velocities and volumes of water to pick up boulders in the
intervening gorge before debouching onto the plain of the upper Safford
basin.

The deeply eroded sediments of the Clifton-Duncan basin, today,

consist very largely of pale-orange silt, and the large quantities of
this material that have been removed must have moved down the Gila River.
Correlation of the upper textural phase deposits with those of
both the lower textural phase and the tuffaceous lacustrine facies on
the other side of the river (Measured Section IV) is tentative.

The

lithologic differences between the Basin Fill sections on each side of
the river in the Sanchez area may have resulted, in part, from differences
in their local environments.

The fine-grained, quiet water deposits

north of Sanchez are located in a reentrant canyon behind a southprojecting spur of the Gila Mountains (Figure 4) which has deflected
the Gila River southward through the Sanchez Gorge.

The protection

afforded by this spur probably has prevented access of the main channel
of the Gila River to the reentrant throughout the history of the gorge.
The upper phase deposits, on the other hand, probably were dropped
directly at the mouth of the ancestral Gila River.
The similar thicknesses and comparable elevations of deposits
on opposite sides of the river indicate that the lower and the upper
phases probably are not greatly different in age.

The fact that the

lowest beds of the upper phase occur at an elevation below the top of
the calcareous-cemented beds of the lower phase, across the river, may
indicate that local scouring and filling accompanied deposition of the
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upper phase.

The competency required of the river to carry the boulders

of the upper phase certainly implies that the velocity of the river was
great enough to scour the Basin Fill below the basalt gorge.

If the

upper phase entirely post-dated the lower phase and the conformably
overlying tuffaceous deposits, a single interval of 400 feet of erosion,
followed by deposition of an equivalent thickness of channel fill would
be required to account for deposition of the upper phase sediments.
Cycles of base level change of such magnitude are not indicated anywhere
in the basin.
It is suggested then, that integration of drainage between the
Clifton-Duncan and the upper Safford basins occurred while the Safford
basin was still closed.

The stratigraphic position of the upper textural

phase indicates that integration occurred sometime after deposition of
the lower phase sediments had begun, but probably before deposition of
the tuffaceous lacustrine facies.
The lower phase of the orange silt and conglomerate facies is
the oldest known Basin Fill unit which is definitely known to contain
red granite fragments like those present in the "granite and basalt"
conglomerate of Heindl and McCullough (1961).

This unit,, ■which they

mapped along the south side of the Gila River between Bonita Creek and
the mouth of the Sanchez gorge, occurs topographically below the upper
phase of the orange silt and conglomerate facies in the same general
area, and probably is older.

The granite-bearing conglomerate unit

has been cited by Heindl and McCullough, as well as by Knechtel (1936
and 1938) and Van Horn (1957), as representing the upper part of Gilbert's
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(1975) Gila Conglomerate section in the gorge that merges with valley
deposits of the Safford basin.

It is possible that some of the beds

which contain red granite pebbles below the gorge may belong to the
delta facies, which resembles, but underlies, the lower phase of the
orange silt and conglomerate facies.
Diagnostic vertebrate fossils were not recovered from any sedi
ments definitely assignable to the orange silt and conglomerate facies.
However, specimens identified as the horse, Plesippus,. and a sloth,
Paramylodon, were found in deposits probably assignable to the lower
phase.

The horse indicates a Blancan age (J. F. Lance, personal

communication).

Also, vertebrate fossils of Blancan age are well known

from equivalent Basin Fill facies.

Blancan vertebrate fossils have been

recovered from several coarse-grained piedmont beds in localities along
the flanks of the Pinaleno Mountains from Safford to Bear Springs Flats.
The important fossiliferous beds at 111 Ranch have yielded vertebrate
fossils of both Blancan and Irvingtonian age (Van Horn, 1957; Seff,
1962; Wood, 1962).

The deposits at this locality, belong to the tuff-

aceous lacustrine facies which conformably overlies, and grades down
ward into, the lower textural phase of the orange silt and conglomerate
facies.

The fossiliferous beds are probably equivalent to the upper

part of the upper textural phase.
The age of the orange silt and conglomerate facies is bracketed
by its position immediately above the green clay facies, and by correla
tion of the upper phase with deposits of the tuffaceous lacustrine
facies.

The top of the green clay facies is regarded in this report as
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the best lithologic and climatic datum for the Pliocene-Plesitocene timestratigraphic boundary in this basin.

The tuffaceous lacustrine facies

at the 111 Ranch locality have been dated by the Blancan-Irvingtonian
vertebrate fossil transition by Wood (1962), which he regarded as
occurring in either the Kansan or Yarmouthian Stage of the middle
Pleistocene.

Thus, the age of the orange silt and conglomerate facies

may be regarded as earliest Pleistocene to middle Pleistocene.

Piedmont Facies

Sediments of the piedmont facies were deposited mainly along
the flanks of the Pinaleno Mountains between Bear Springs Flats and
Artesia.

Similar deposits are present, but are less extensive and less

distinctive, on the opposite side of the basin.

Locally, piedmont

deposits extend as much as 5 miles from the Pinaleno Mountain front,
almost to the center of the basin, and their original extent may have
been even greater.

Typical piedmont sediments consist of coarse

grained alluvial sheets or tabular wedges of alluvial fans.

Other,

less abundant, coarse-grained beds in the same area are rare mudflow
deposits of mixed composition, and channel fills laid down in axially
flowing streams which show by their composition the importance of the
nearby mountain source areas.

Fine-grained sediments, which are inter-

bedded with coarse deposits in the piedmont area, consist of massivebedded to thin-bedded sheets of silt, and sheet-like lenses of brown to
dark-maroon, or rarely green, thin-bedded or laminated clay.

Both types

of fine-grained deposits occur within short distances of the mountain

101
front, indicating the periodic existence of environments more typical
of the basin-center at near-mountain locations.

Basinward dip of the

piedmont beds generally is 3° to 4° near the heads of fans, and 1/2° to
1° in localities away from the mountain front.
The abundance, extensiveness, and great thickness of piedmont
deposits along the flanks of the Pinaleno Mountains probably are due
mainly to the approximately 7,000 feet of relief of these mountains
above the piedmont areas.

Scarcity of analogous piedmont deposits adja

cent to the Gila and Peloncillo Mountains probably is due in large part
to the lower relief of these mountains, which amounts to only about
3,000 feet above the lowest known piedmont deposits.

Part of the con

trast in piedmont deposition between the mountains on either side of
the basin may be due, also, to differences in composition and degree
of fracturing of the respective rocks.

Some differential uplift of the

Pinaleno Mountains, also, must be considered as a possible influence
upon the accumulation of thick piedmont deposits.

However, no evidence

of structural movements of significant scale has been seen, or reported,
in the marginal Basin Fill, or younger, deposits.
The lowest beds of the piedmont facies rest on an erosion sur
face in many localities southeast of Bear Springs Flats.

The erosion

surface is cut on the green clay facies, and the contact between the
two facies is exposed slightly above to slightly below the elevation of
3,200 feet in most localities.

The highest known exposure of the green

clay occurs in Spring Creek, below Frye Mesa, at an elevation of about
3,300 feet.

Exposures of the erosional contact at the base of the

102
piedmont facies generally show only minor relief.

The maximum relief

observed amounted to about 20 feet over a distance of about 1/4 mile.
However, as much as 80 to 90 feet of relief may be present in the Riggs
Mesa area, east of Frye Mesa.

Differential rates of accumulation of

piedmont deposits immediately above the erosion surface are indicated by
differences in the thickness of deposits between the lower surface and
the camel track tuff.

Over the southwest side of the basin, the tuff

occurs 0 to 50 feet, or more, above the base of the piedmont deposits.
Deposits of the piedmont facies interfinger with, and grade
laterally into, those of the upper part of the red facies over a wide
area between Bear Springs Knoll and Cluff Ranch.

Similar interfinger

ing and gradation with deposits of the orange silt and conglomerate
facies occurs south of Safford.

Pale purplish-gray arkosic sandstone

and granule conglomerate can be traced eastward from the piedmont
area in Graveyard Wash to the Cactus Flat area, on U.S. Highway 666,
and on into the valley of San Simon Wash, where these materials occur
as interbeds in the orange silt and conglomerate facies.

Erosion

of the axial area of the basin has removed most of the sediments
from the presumably widespread zone of transition between.the pied
mont facies, and the orange silt and conglomerate facies, northwest
ward from Safford.

Some of the coarse-grained interbeds in the lower

phase of the orange silt and conglomerate facies are analogous to
the piedmont facies.

These analogous deposits are those which are

located near the mouths of large drainages which contributed sand and
gravel of local composition to the lower phase deposits.

However, only
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the deposits along the Pinaleno Mountains are extensive and thick enough
to be designated a separate facies.
The camel track tuff marker bed and the upper zone of the cal
careous facies occur very widely and commonly in the lower part of the
piedmont facies from Bear Springs Flats to the west side of San Simon
Valley.

Plate 2b shows how the main concentration of calcareous

cementation in the piedmont facies occurs in the lower half of the
approximately 300-foot-thick section above the marker tuff at the camel
track locality.

This relationship between the camel track tuff, the

upper calcareous zone of cementation, and the lower part of the piedmont
section generally holds true elsewhere, as it does in the lower part of
the orange silt and conglomerate facies.

Isolated, well cemented sand

stone or conglomerate beds also occur higher in the piedmont facies
section.
The erosional upper surface of the piedmont facies commonly is
overlain by pediment cap conglomerates which were deposited mainly as
residual gravels during degradation of the Basin Fill.

Particles of

both terrace and pediment cap conglomerates on the southwest side of
the basin have the same composition as the coarse particles in the
piedmont facies.

In occurrences near the heads of fans it is commonly

difficult to distinguish between piedmont deposits of the upper Basin
Fill and degradational stage pediment cap or alluvial fan deposits.
This is because deposition continued at the heads of many fans even
after degradation of more axially located areas of the basin had begun.
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Texture and composition of the piedmont facies deposits are
highly variable.

Boulders are abundant mainly near the mountain front,

and cobbles and pebbles occur at various distances from the mountain
fronts.

Sorting within individual beds may be good, but generally is

poor, and rapid changes of particle size occur within very short verti
cal intervals.

Some of the beds have two to three distinct size ranges

of component particles, matrix, and argillaceous material.

Composition

of the conglomerates and sandstones mainly reflect the composition and
the effects of weathering conditions in the metamorphic and granitic
source areas of the Pinaleno Mountains.

Some of the conglomerates,

however, contain fragments of vesicular basalt or andesite, and no
similar volcanic source rocks are known to occur on the north slopes of
the Pinaleno Mountains.

These fragments indicate that the conglomerates

containing them probably were deposited by streams flowing parallel to
the axis of the basin, rather than by streams flowing directly from the
mountains.

The predominantly metamorphic and granitic composition of

these same conglomerates, however, illustrates the importance of local
contributions of particles to the axially flowing streams in the pied
mont area south of the present course of the Gila River. .
Most of the coarse-textured sandstones can be classified as
arkose, graywacke, or arkosic sandstone.
constituents.

Rock fragments are abundant

Sorting in these units usually is poor, many unstable

minerals are present, and clay and chlorite commonly occur as matrix or
as cementing or staining materials.

Some of the beds contain spatially

isolated pebbles in a matrix of sand, small rock fragments, and mica,
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and are cemented by red, yellow, or green clay.

These deposits are

almost structureless internally, and some of them resemble granitic
saprolites in composition and particle distribution.

However, they

obviously have been transported distances of at least a few miles from
the nearest hard rock areas in the mountains, and are tentatively re
garded as mudflow deposits.
Most of the fine-grained interbeds resemble deposits of the
orange silt and conglomerate facies, or red clays of the red facies.
Some of the silt beds actually represent interfingering units of the
lower phase of the orange silt and conglomerate facies, but the clays
are more or less distinct units interbedded with the coarse piedmont
deposits.

A few dark brown silts high in the section are tuffaceous.

The clay units are mostly dark brown to maroon in color.

They comprise

a small proportion of the total thickness of deposits in the piedmont
area, but they are scattered throughout the section up to elevations of
at least 3,500 feet.

The clays typically are laminated or thin-bedded

and contain some gypsum.

They probably were deposited in shallow,

temporary lakes, or playas, which formed and reformed on the piedmont
surface.

Development of these lakes upon the permeable deposits of the

piedmont zone within a mile or two of the mountain front is evidence of
high water-table conditions and central-basin environments near the
mountains, at least periodically, during deposition of the upper Basin
Fill.

Some of the intercalated lacustrine clay beds, and some of the

brown tuffaceous silts, which occur upward from elevations around 3,400
or 3,500 feet near the mountains probably are analogous to, or correla
tive with, part of the tuffaceous lacustrine facies at 111 Ranch.
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The total thickness of the piedmont facies is not precisely
known.

Like all deposits of the upper Basin Fill, the piedmont facies

have undergone severe erosion.

The difference in elevation between the

lowest (about 3,100 feet) and the highest (about 4,750 feet) deposits
which are assignable to the facies is about 1,650 feet.

However, the

highest known deposits occur adjacent to the mountains where basinward dips are around 3°.

Therefore the actual thickness of the deposits

is much less, and the reconstructed thickness probably was around onehalf the difference in elevation of the highest and lowest beds.
Measured thicknesses in sections exposed on escarpments below pediment
cap conglomerate range from about 200 to 300 feet between the camel
track locality (Measured Section XII) and Riggs Mesa (Measured Section
XVIII), below Frye Mesa.

Sections estimated at 300 to 500 feet in.

thickness occur above the measured sections, nearer the mountains.

The

deposits in the lower 80 to 90 feet of Riggs Mesa are composed pre
dominantly of green, red, and yellow clay, and probably are assignable
to the green clay facies.

Since the camel track tuff is overlain by

piedmont deposits below the base of the mesa, it is possible that fault
ing of the Basin Fill is indicated.

It is also possible,. and more

likely, that the 80-to-90-foot-thickness of green clay topographically
higher than the nearby camel track tuff indicates the amount of erosional
relief at the base of the piedmont facies in this locality.
The thickest preserved single section of the piedmont facies
occurs in the eroded scarp of the Frye Mesa fan.

Nearby beds of the

piedmont facies, which occur at elevations of about 4,200 to 4,500 feet
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can be projected into the fan, which indicates that its original extent
was greater than its present erosional outline.

The highest point on

the fan at the mouth of Frye Canyon is above 4,800 feet, and the
erosional rim of the fan is about 4,400 feet, in elevation.

The eroded

upper surface of the fan slopes about 5° toward the center of the basin.
The upper surface is covered by a thin pediment cap conglomerate which
truncates the beds of the underlying Basin Fill piedmont facies.

The

lowest known piedmont deposits near the toe of the fan occur at an
elevation of about 3,400 feet, and green clay occurs nearby at an ele
vation of about 3,300 feet.

Assuming the average dip of the truncated

upper beds in the headward part of the fan to be 3° (275 ft/mi) for a
distance of 2 miles, the total thickness of the fan sediments beneath
the cap can be estimated at about 850 feet:
(4,800 - 2 x 275) - 3,400 = 850.
These relationships are shown diagrammatically on Figure 12.

About 500

to 700 feet of this estimated thickness can be assigned to the Basin Fill
piedmont facies with certainty because the beds are exposed in the scarp.
Probably the entire estimated thickness of 850 feet can be assigned to
the facies.
Thick volcanic conglomerates occur high in the section in pied
mont areas (Plates 6b and 7), along the flanks of the volcanic Gila
and Peloncillo Mountains.

Some of the volcanic conglomerates probably

are analogous to, or actually correlative with, parts of the piedmont
facies along the Pinaleno Mountain flanks.

However, there are no

obvious criteria to distinguish piedmont deposits on the northeast side
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of the basin from younger conglomerates, except where the younger
conglomerates occur on an extensive pediment surface and are known to
be underlain by fine-grained Basin Fill.

Where fine-grained Basin Fill

is absent within the range of downcutting by tributaries, about 50 feet
below the adjacent interfluvial surface, the volcanic conglomerates
commonly form a nearly uniformly sloping surface which extends from
the piedmont area almost to the Gila River.
It is also possible that parts of the conglomerate sections on
the northeast side of the basin might be equivalent to some of the
deposits of the basal conglomerate facies, even though they occur at
the upper margins of the Basin Fill exposures.

Schwennesen (1921)

concluded that the thick, marginally located conglomerates on both
sides of the lower Safford basin passed under the fine-grained lake beds
in the San Carlos area.

Davidson (1961) recognized a deformed conglom

erate or gravel facies, which he regarded as generally older than the
basin fill, in a marginal area adjacent to the Santa Teresa Mountains.
Davidson also stated that "a finer-grained facies may occur in the
central part of the basin, but this is not yet definitely known".

It

is possible that equivalent, but undeformed, conglomerate^ occur in
other marginal areas, but are not recognized because of the ambiguities
in the exposures.

Alternatively, the deformed conglomerates and gravels

may be entirely older than the Basin Fill, and should be classified as
mountain block rocks.
Several geologic factors are responsible for the difficulty of
age assignment of marginal conglomerate and gravel in the basin.

The
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gravels, regardless of their ages, strongly reflect the composition of'
the adjacent mountain block rocks.

Where the marginal coarse-grained

beds rest directly upon mountain block rocks, the upper surface may
extend basinward and merge with one of the erosional surfaces formed
during the degradational stage.

However, the lower parts of the mar

ginal sections which rest on mountain blocks may dip under marginal fine
grained Basin Fill beds, in which case they might be equivalent in age
to almost any of the Basin Fill units.

Figure 13 diagrammatically

shows some of the known and the hypothetical relationships between
conglomerate beds and the fine-grained Basin Fill on the northeast
side of the upper Safford basin.
The wide range of textures of beds occurring in the piedmont
area of the Pinaleno Mountains indicates that the beds were laid down in
a variety of environments.

Most of the coarse-grained beds were depos

ited on alluvial fans, and they show the decrease in competency of the
transporting streams away from the mountains by their corresponding de
crease in grain size.

A few beds which are almost structureless and are

composed of widely separated pebbles in a finer-grained matrix are .ten
tatively identified as mudflow deposits.

Some of the conglomerates con

tain volcanic particles derived from rock types not known in the Pina
leno Mountains, and indicate the presence of highly competent, axially
flowing streams in the piedmont area.

The silt interbeds resemble those

of the orange silt and conglomerate facies, and presumably, were deposited
in similar, mainly floodplain, environments.

The presence of the silt

beds resembling the axially located orange silt and conglomerate facies
within a mile of the mountain front is additional evidence of the presence
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of axially flowing streams in the piedmont area.

Reddish-brown and

maroon clay interbeds throughout much of the piedmont section have
particular environmental significance.

The parallel bedding, the

common presence of laminations, and the high degree of purity of these
clay units are strong evidence of a lacustrine environment.

Their

color suggests a high oxidation state which might be expected of shallow
lakes.

Therefore, the clay beds are interpreted as having been deposited

in shallow lakes which periodically formed on the piedmont or floodplain deposits near the flanks of the Pinaleno Mountains.

Since the

lacustrine deposits generally rest on permeable sediments they probably
are indicative of high water-table conditions in the basin.

This con

clusion is supported by the interpretation of selective cementation of
sandstone beds by sparry calcite, which was discussed in the earlier
section of this report concerned with the upper zone of the calcareous
facies.
The presence of central-basin environments and high water-table
levels in the piedmont zone of the Pinaleno Mountains indicates that the
deposits were laid down under aggrading conditions and generally rising
base levels in the basin.

This conclusion is cited to preclude an

interpretation that the alluvial fan deposits, which comprise the bulk
of the piedmont facies, might have been deposited in response to lowered
base levels caused by breaching of the Safford basin and entrenchment
of the Gila River.
The main environmental significance of the coarse-grained beds
of the piedmont facies comes from their stratigraphic position above
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the lacustrine green clay facies.

From what is known from well logs,

coarse-grained sediments were not deposited at any appreciable distance
away from the Pinaleno Mountains during accumulation of the green clay
facies.

Yet, the coarse-grained piedmont facies extend out over the

green clay facies for a distance of at least 5 miles, and their original
extent may have been greater than indicated by the preserved outcrops.
This abrupt sedimentational change is the most prominent and widespread
break observed in the basin, and is the basis for dividing the Basin
Fill into the upper and lower subdivisions.

The possibility of tectonic,

base level, or climatic controls influencing the abrupt sedimentational
break have been discussed in previous sections of this report.
concluded that the most important control probably was climatic.

It was
A

warm climate, considerably moister than currently prevails in the region,
was postulated as necessary for maintenance of a large lake in the upper
Safford basin, and for controlling the production and deposition of
the extensive green clay facies up to the foot of the Pinaleno Mountains.
A shift in this climate toward conditions more resembling those of the
modern climate was viewed as the most likely cause of production of
coarse-grained debris in the Pinaleno Mountains and deposition of this
material over wide areas of the piedmont which were formerly covered
by a large lake.
The characteristics of the climate under which the sediments of
the piedmont facies were produced and deposited are interpreted as more
continental than maritime.

That is, the climate generally was more

arid, temperature and precipitation were much more variable than before,
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and a marked altitudinal gradient of both temperature and precipitation
developed in the basin.

These conditions would have resulted in the

stripping of deep soils in the mountains, and the development of shallow,
stony soils.

As a result of lower temperatures and less precipitation

in the mountains, chemical weathering and the development of clayey
soils would not have kept pace with mechanical erosion of the metamorphic and granitic terranes.

Mechanical weathering processes probably

dominated, with the result that the streams periodically carried loads
composed of gravel and granular materials, and containing many materials
unstable in environments of strong chemical weathering.

Variations in

climate would cause variations in the quantity and texture of sediment
load moving out of the mountains, so that alluvial-fan building alter
nated with axial aggradation in the piedmont area.

Aggradation of the

basin floor generally kept pace with the marginal growth of fans.
Throughout the time, small lakes formed near the foot of the Pinaleno
Mountains, and their deposits were covered by coarse-grained debris
spreading out from fans, or by floodplain silts encroaching from the
axially flowing streams.
It is believed that this climatic change, inferred from the
sedimentary record of the green clay and the overlying facies, was of
considerable magnitude.

It is also reasoned that the continental

character of the later climate, inferred from the appearance and charac
teristics of the piedmont facies, may reflect the general nature of
Pleistocene climates at this latitude.

On the basis of the climatic

interpretations, it is believed that the boundary between the green
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clay and the overlying facies is the best choice for placement of the
Pliocene-Plesitocene boundary in the upper Safford basin.

It is empha

sized that although the magnitude of the climatic change is inferred to
be great, the corresponding lithologic change is striking only where
the coarse-grained piedmont deposits overlie the mainly lacustrine green
clay facies.

The change is more subtle where other facies are involved,

and practically unrecognizable in the red facies of the northwestern
part of the basin.
Many vertebrate fossil localities are known in beds of the pied
mont facies or their fine-grained interbeds.

All the diagnostic fossil

vertebrates recovered from these localities can be assigned to the
Blancan provincial faunal age.

The most abundant Blancan vertebrate is

the horse, Plesippus, but a few remains of the ground sloth, Paramylodon,
and a large camel resembling Gigantocamelus have been found by the
author.

Identifications of these specimens were made by John F. Lance.

Additionally, a mastodon from the upper Bear Springs Flats area was
identified as Rhyneotherium? by Gazin (_in Knechtel, 1938, p. 198).
Although the exact site at which this specimen occurred could not be
relocated, all the deposits in the wash from which the specimen is re
ported to have come (Knechtel, 1938, PL 46) belong to either the pied
mont facies or equivalent beds of the red facies.
Although parts of the upper piedmont facies probably are equiva
lent in age to the tuffaceous lacustrine facies at the 111 Ranch locality,
no Irvingtonian vertebrate fossils were identified from piedmont locali
ties.

Non-diagnostic vertebrate fossils have been recovered from
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piedmont facies above 3,400 feet in the Deadman Mesa area, southeast
of Frye Mesa, and a careful search of the higher localities may yield
vertebrates equivalent to the Tusker fauna (Irvingtonian) at 111 Ranch.
A single astragalus was found below the elevation of 3,250 feet which
closely resembles in size and morphological details the astragali
found in direct association with capybara remains from the Tusker
fauna (Irvingtonian) at the 111 Ranch locality (Lance, 1958; Wood, 1962).
The astragalus was found on the steeply sloping surface of Freeman Mesa,
and it must have come from deposits of the piedmont facies stratigraphically within 100 feet above the camel track tuff marker bed, which
occurs at the foot of the mesa.

This single fossil might indicate that

the section of piedmont deposits just above the camel track tuff is
the same age as the Tusker fauna, or, more likely, that capybaras were
living in the Safford basin at an earlier time, but that their remains
were not recovered from deposits containing the Flat Tire fauna (Blancan)
at the 111 Ranch locality.

Tuffaceous Lacustrine Facies

Deposits definitely assignable to the tuffaceous lacustrine
facies are not widely known in the upper Safford basin, but they contain
vertebrate fossils at one locality which provide the only time datum of
restricted duration which is known within the entire Basin Fill sequence.
The geochronological significance of the deposits of this facies greatly
overshadows their relatively insignificant volume.
come from the beds at 111 Ranch.

The important fossils

Vertebrate fossils typical of the
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Irvingtonian provincial faunal age are found stratigraphically above
vertebrates typical of the Blancan provincial faunal age, in a contin
uously exposed section (Van Horn, 1957, p. 26).

According to Lance

(1960) there are two faunas represented at the 111 Ranch locality:
the lower, Flat Tire fauna, which contains Nannippus; and the upper,
Tusker fauna, which lacks Nannippus.

A widely occurring limestone unit

at the locality (Unit 6, Figure 14) separates the two faunas.

In

dating the faunas, Wood (1962, p. 100-104) concluded that the rabbits
and rodents in the Tusker fauna indicate an early Irvingtonian age,
and that the presence of Nannippus phlegon in the Flat Tire fauna
indicates a Blancan age, as the Blancan is presently defined.

Wood

(1962) assigned the faunas to the late Kansan or early Yarmouthian
stages of the North American Pleistocene chronology, according to the
correlation of glacial and provincial stages given by Flint (1957).
The sediments at the 111 Ranch locality comprise the main
section of the tuffaceous lacustrine facies.

The section at this

locality was first described in detail by Van Horn (1957), and subse
quently by Seff (1962), whose dissertation was concerned entirely with
the geology of the 111 Ranch area.

The composite section, there (Figure 14)

is reproduced from Seff1s (1962, Figure 2) report.
The sediments of the tuffaceous lacustrine facies are closely
related to those of the orange silt and conglomerate facies in age and
general composition and texture, except that they contain tuffaceous
materials throughout the section, and interbedded limestones.

Beds of

the tuffaceous lacustrine facies grade both laterally and downward into
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UNIT
NO.

AVERAGE
THICKNESS
(feet)

11

19

DESCRIPTION

Massive reddish-brown sand.

Marly a t base

(Erosionol unconformity at top)
10

6

Limestone, chert, diatomite

9

15

Sandy silt with clay m a r l l e n s e s

8

12

A sandy s i l t c o n t a i n i n g
of v o lc a n ic

an a b u n d a n c e

shards. (T u ffa c e o u s

siltstone)

7

11

Sandy cloy marl

6

5

W e l l i n d ur at ed

5

9

Massive

4

II

Thick

3

5

Impure

2

13

C l o y mar l w i t h occasi onal chert n o d u l e s

1

18

D iatom ite

limestone

brown s i l t

cloy m a r l w i t h o c c a si o n a l si l t l e n s e s
si l t y l i m e s t o n e , t hi n c h e r t

with l ocal c h e rt beds and n o d u l e s

F IG U R E
C O M P O S IT E

l enses

S E C TIO N
(After

OF

THE

14
III

Seff, 1962)

RANCH

BEDS
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the lower textural phase of the orange silt and conglomerate facies in
the vicinity of 111 Ranch.
The presence of limestone and marly beds (Figure 14) in the
111 Ranch section might suggest a further relationship with the upper
zone of the calcareous facies, although the limestone and marly beds
occur at elevations (3,450 to 3,600 feet) which are generally higher
than most of the upper zone of the calcareous facies at localities
along the other side of the basin, and near Sanchez.

The difference in

elevation of calcareous beds at 111 Ranch and at other localities does
not entirely preclude correlation of the beds, but it does suggest that
the deposits of the 111 Ranch section might be somewhat younger than the
upper zone of the calcareous facies.
The content of tuffaceous material in the 111 Ranch sediments
suggests a possible relationship with some of the tuff beds or tuff
aceous silts tones and sandstones which are intercalated with the pied
mont facies.

The tuffaceous content also might suggest a correlation

with the tuffaceous deposits of the lower Safford basin white facies
described by Marlowe (1961).

In describing the tuffaceous materials

in the 111 Ranch sediments, Seff (1962, p. 32-33) states that volcanic
shards are abundant in all units that he examined, and that changes in
the content of tuffaceous material comprise the only significant mineralogical changes in the clastic fraction of sediments below Unit 11.

The

greatest abundance of shards occurs in Unit 8 (Figure 14), a tuffaceous
siltstone which contains at least one thin, relatively pure tuff bed
(Seff, 1962, p. 17-33).
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The units at the 111 Ranch locality which were deposited in
lacustrine environments mainly consist of limestone, clay marl, diatomite, and chert.

Apparently the lacustrine environments were areally

restricted to the immediate vicinity of the ranch.

The adjacent, non-

lacustrine, facies, like the interbedded and underlying deposits,
mainly consist of floodplain silt and sandy silt, interbedded with much
smaller quantities of sand or small-pebble conglomerate which were
deposited in higher energy channel environments.
Deposits similar in calcareous and tuffaceous content to the
111 Ranch beds occur near the top of a section exposed in a steepwalled, reentrant canyon 1 mile north-northwest of Sanchez (Measured
Section IV).

The tuffaceous sediments, there, occur above thick-bedded,

varicolored silt beds of the lower textural phase of the orange silt
and conglomerate facies.

The most tuffaceous deposits at this locality

consist of an 8-foot-thick series of interbedded thin tuff beds con
taining abundant diatoms, and highly tuffaceous silt.

These beds over-

lie thick-bedded, flat-bedded, slightly tuffaceous, brown, tan, and
light greenish-gray silt units which attain a total thickness of about
110 feet; the underlying beds contain several thin, but persistent,
interbeds of limestone and calcareous clay possibly bentonitic in
composition.

The tuffaceous sequence is overlain by a dark brown,

sandy, calcareous silt, which contains many calcareous tubules, and
has a thin, impure limestone near its base; the thickness of this upper
unit is unknown, but it estimated to be at least 50 feet.

This unit

is overlain, and truncated, by a pediment cap conglomerate assignable
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to the degradations! stage. .All the fine-grained sediments in the
Sanchez locality occur less than 1/4 mile from volcanic rock exposures
in the Gila Mountains, but their texture shows very little influence of
the steep slope of the nearby mountain front.

The capping conglomerate,

however, is composed of basalt particles ranging up to boulder size.
The lower surface of the tuffaceous lacustrine facies at the Sanchez
locality was arbitrarily picked above the first-encountered thin,
pebble conglomerate bed of the underlying orange silt and conglomerate
facies.

The lower contact at this locality, like that at the 111 Ranch

locality, is gradational.

The beds assigned to the tuffaceous lacustrine

facies in the Sanchez locality occur at about the same elevation (3,450
to almost 3,600 feet) as the 111 Ranch beds.

The tuffaceous section

also occurs at elevations comparable to.parts of the upper textural
phase of the orange silt and conglomerate facies, which occurs across
the river, and farther upstream, from Sanchez.
A unit-for-unit correlation can not be made between the section
at the Sanchez locality and that at the 111 Ranch.

However, the simi

larities of tuffaceous and calcareous content, the apparently similar
depositional environments, the similar stratigraphic relationships,
and the accordant topographic elevations of the deposits at the two
localities are strong evidence of their equivalence.
Correlation of the tuffaceous deposits at the Sanchez and 111
Ranch localities, and a close similarity of environmental conditions,
is indicated by a similarity of morphological types of diatom tests
in deposits of the two sections.

No attempts were made to identify
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the types of diatoms, but a simple classification of morphological types
was made.

The types present, and the approximate frequency of occurrence

of different types, were determined from several samples from these
two localities, and were compared with those from samples of the white
facies in the lower Safford basin.

The comparison showed a much greater

correspondence between the Sanchez and 111 Ranch diatom samples, than
between these samples and those from the white facies.

The samples from

the white facies came from the lower part of the section north of the
ring dike mapped by Marlowe (1961), and they may be much older than the
upper Safford basin samples.

Although the morphological types used in

these comparisons may have no taxonomic significance, the observed
similarities, and differences, indicate that a study of the diatom
content of the lacustrine units might be a profitable line of further
research by someone familiar with diatom taxonomy.
Other deposits possibly assignable to the tuffaceous lacustrine
facies include the brown and maroon laminated clay beds and the somewhat
coarser-grained beds which are intercalated with the piedmont facies
above elevations of 3,300 to 3,500 feet.

The laminated clay and associ

ated sediments probably were deposited in and adjacent to short-lived
lakes which existed in the piedmont area during periods of non-deposition,
or relatively restricted deposition, of piedmont gravels.

It is reason

able to assume that some of the stratigraphically high lacustrine de
posits in the piedmont area were laid down at about the same time as the
stratigraphically high tuffaceous lacustrine facies at the 111 Ranch
locality.
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The extent of the lakes away from the piedmont area is not
known, because erosion has removed the basinward portions of the pied
mont and intercalated beds.

However, the extent of exposed individual

lacustrine beds in a direction parallel to the basin axis is quite
limited, and the beds appear to have been deposited in lakes a few
hundred yards, to one or two miles, in length.

Similarly, Seff (1962)

indicated that the lakes which existed in the 111 Ranch area were quite
small.

The possibility that the lacustrine deposits in the piedmont

area represent only the preserved marginal remnants of formerly much
more extensive lake beds can not be entirely discounted.

However, the

presence in the same section of floodplain silt and channel conglomerate
deposited by axially flowing streams suggests the importance of fluvial
environments, rather than lacustrine, during deposition of the upper
Basin Fill.
The rich Flat Tire and Tusker vertebrate faunas from beds of
the tuffaceous lacustrine facies at the 111 Ranch locality are thoroughly
described by Wood (1962).

Wood's assignment of the faunas to the late

Kansan or early Yarmouthian stage of the Pleistocene provides a date
for the youngest beds of the upper Basin Fill.

Topographically higher

beds of the Basin Fill occur only in the piedmont area of the Pinaleno
Mountains, and locally in a few other piedmont areas of the upper
*

Safford basin.

None of these topographically higher beds has yielded

Irvingtonian vertebrate fossils, and Blancan vertebrates have come from
elevations as high as 3,400 feet at the Porter Spring Tank locality
near Frye Mesa.

Therefore, the end of Basin Fill deposition in the upper
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Safford basin can be approximately dated by the transition of vertebrate
faunas which is recorded in the beds at the 111 Ranch locality.
Fill deposition ended very shortly after this topographically and
stratigraphically high sequence was deposited.

Basin
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Plate 1

Panorama showing discordant attitudes of beds above and below a pink-weathering
tuff unit along the east side of lower Bear Springs Flat.

Beds below the tuff

unit are mostly assignable to the green clay facies and dip about 1 1/2° to the
southeast (left).

Beds above the tuff mainly belong to the red facies and are

nearly horizontal at this locality.

A fault of small displacement cuts the

deposits about 300 yards beyond the right picture margin.

PLATE

I.

Plate 2

Interbedded green and red, laminated, lacustrine clay
capped by oolitic limestone.

Outcrop is located just

west of Frye Mesa road, south of Thatcher.

The camel track locality.

View shows section approxi

mately 300 feet thick above camel track tuff marker
bed.

Section consists of interbedded fine-grained and

conglomeratic units of the piedmont facies, with nodular
and cemented layers representing the upper zone of the
calcareous facies in the lower one-half of the section.
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Plate 3

Calcareous nodules of the upper zone of the calcareous •
facies occurring in deposits of either the piedmont
facies or the orange silt and conglomerate facies near
Bear Springs Knoll.

Entrances to tunnel beneath a stripped limestone ledge
at Red Knolls.

Tunnel has been excavated by runoff

into these and other openings, and it extends from
foreground to the escarpment below margin of ledge in
middle background.

Erosional remnants of this ledge

on small buttes' in background.

Pebbles with a heavy

coating of desert varnish litter the surface of the
limestone ledge.
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Plate 4

Stereogram of sand-calcite crystals developed in coarse-grained sand at locality
about 1/2 mile south of the Safford Airport.

The hexagonal crystals have curved

faces and rounded edges, and formed mainly near the top of the loose sand, probably
by precipitation from groundwater solutions.
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Place 5

Amphitheater knoll at Red Knolls, viewed from the south
east.

Deposits of the red facies comprise most of the

knoll; the lower ledge is formed by the same limestone
shown in Plate 2b; the upper ledge is formed by the
upper of two tuff beds probably correlative with the
camel track marker tuff.

Note the slight discordance

of attitude between the two ledge-forming beds.

The

Gila River valley and the Gila Mountains appear in the
distant background.

Lower textural phase of the orange silt and conglom
erate facies outcropping in Head Canyon, about 1 1/2
miles west of Sanchez.

The upper zone of the cal

careous facies is represented by cemented sandstones
and sandy limestones which form ledges.

The surface

of the lowest pediment-cap conglomerate appears across
bottom of picture, and the surface of the next higher
stepped pediment occurs at the top of the section
across the canyon.

129
P L A T E 5.

b.

yA?*

Plate 6

Outcrop showing two major disconfomities in the canyon
of Cottonwood Creek southwest of Pima.

A thin remnant

of deposits of the orange silt and conglomerate facies
is separated by erosion surfaces from laminated beds of
underlying green clay facies, and from overlying, very
poorly sorted terrace deposits of the degradational
stage.

A two-inch-thick altered tuff bed is present

in the section above the front of the vehicle, immedi
ately below the upper disconformity.

Highest pediment surface adjacent to the Gila Mountains
north of Sanchez.

The pediment-cap conglomerate is

20 to 50 feet thick and rests on deposits assignable
to the tuffaceous lacustrine facies.

The elevation

of the surface in the foreground is about 3,650 feet,.
and the toe of the colluvial slope at the base of the
mountains is about 40 feet higher.

PLATE
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Plate 7

Panorama of the piedmont area of the Gila Mountains northeast of Pima.

Thin gravels

which underlie the surface in the immediate foreground cap one of the higher stepped
pediments.

Thick gravels, visible in the background, slope basinward as a continuous

surface from the outcrops of volcanic rocks on the right, almost to the Gila River,
which is barely visible on the left.

Mt. Turnbull and the Santa Teresa Mountains

occur on the distant horizon, across the basin.

PLATE
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Plate 8

a.

Outlying erosional remnants of the piedmont facies in
Ash Creek, near the Cluff Ranch, about 3 1 / 2 miles
from the front of the Pinaleno Mountains.

Deposits

of the piedmont facies attain a thickness of about
500 feet in exposures along Ash Creek, and are capped
by a pediment-cap conglomerate which increases in
thickness from about 15 feet in the foreground to
about 50 feet near the Pinaleno Mountains.

b.

Camel track tuff marker bed resting directly upon
deposits of the green clay facies southwest of
Safford.

The lower surface of the tuff rests on an

erosion surface of low relief, and the upper surface
in this exposure is eroded.

Recent, very poorly

sorted terrace deposits of Freeman Wash rest on the
tuff bed.

PLATE 8.
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Plate 9
Lacustrine beds of the white facies in the lower Safford
Basin.

The sediments here consist of impure limestone,

diatomite, and marly clay, and occur at an elevation
below 3,100 feet.
this exposure.

A basalt flow caps the sediments in

These beds probably are time-equivalents

of the green clay facies, or of subsurface units in the
upper Safford Basin.

Mass wasting of a stepped pediment scarp near Safford.
Caliche-cemented pediment-cap conglomerate overlies
silty and sandy beds of the orange silt and conglom
erate facies.

Poorly cemented gravels above the

caliche zone erode to form a less-steep slope above
the scarp front.

The scarp in this photo has been

dressed by recent road-building activity but is rapidly
returning to a natural state.
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Plate 10

A normal fault cutting the aggradational stage sedi
ments in lower Bear Springs Flats, near the center of
the basin.

The right side of the fault is downthrown.

The single ledge on the left is formed by a limestone,
which occurs as the lowest ledge on the right.

The

upper ledge on the right is formed by a tuff bed, and
the minor ledge between the limestone and the upper
tuff bed is formed by a second tuff.

Vertical displace

ment of the fault amounts to 55 feet.

Close-up view of the same fault, taken in a direction
parallel to the direction of strike of the fault plane.
The high angle of inclination of the fault plane and
the lack of dragging of the faulted beds are apparent
in this view.

One, or both, of the tuff beds in this

exposure may be correlative with the camel track marker
tuff, and with tuff beds above the prominent limestone
ledge-former at Red Knolls (see Plate 4a).

PLATE
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Plate 11

The Gila Monster.

This timid, slow-moving reptile is the

only poisonous lizard in the United States.

Individuals

were seen occasionally in the Safford basin, even in the
heat of summer midday.

/
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PLATE

II.

DEGRADATION AND POST-BASIN FILL DEPOSITS

Probably the most important change in hydrology of the Safford
basin occurred when the outlet gorge below San Carlos was opened trans
versely through the Mescal Mountains.

As a result of this event the

basin was no longer closed hydrologically.

Cutting of the gorge and

development of through-flowing drainage caused a lowering of base level
eventually amounting to as much as 1,100 feet in the lower Safford
basin.

As lowering of the Gila River bed proceeded headward from the

gorge, the sedimentational regime of the basin changed from conditions
of widespread aggradation to conditions of general, but intermittent,
degradation.
Degradation of the previously deposited Basin Fill was accom
panied by widespread deposition of residual gravels composed of coarse
debris too large to be removed by the eroding streams, and of additional
materials transported down steepened gradients of large tributary
streams from the mountain blocks and the upper piedmont areas.

The

degradational stage deposits can be classed as pediment cap conglomer
ates, alluvial fan deposits, terrace gravels, and as inner-valley
alluvial fill which was deposited in the newly cut gorges of the Gila
River and its larger tributaries during periods of intermittent base
level rise.
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Description of the Units

Pediment Cap Conglomerates

Pediments and their capping conglomerates are the most interest
ing, and probably the most controversial, features of the degradational
stage in the Safford Basin.

The pediments are cut almost exclusively on

the soft Basin Fill, and there are several levels of pediment surfaces and
deposits on both sides of the basin.

The different levels are arranged

like broad steps, or terraces, which ascend the valley sides from the
present position of the Gila River floodplain (Figure 15d).

The average

width of the individual surfaces is about one or two miles.

Each surface

is separated from the one below it by a scarp 20 to 50 feet high "(Plate
9b), which roughly parallels the basin axis.

The higher surfaces are the

most dissected and difficult to trace, and the lowest is little more than
a recent terrace of the Gila River.

The pediment surfaces presumably are

paired on each side of the Gila River, but this can not be definitely
established in many cases, because of the rather great distance between
approximately equivalent levels on each side of the valley.

Also, the

pediment scarps are discontinuous, and many other erosion surfaces of
generally smaller extent occur in the basin.

The pediment cap con

glomerate beds generally are 10 to 50 feet thick, the greater thick
nesses occuring near the mountain fronts.

The size of the largest par

ticles decreases markedly away from the mountain fronts,

but the higher

pediment cap conglomerates typically contain more sand, and are more
poorly sorted than those on the lower surfaces.

The composition of the
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particles on the higher surfaces strongly reflects the composition of
the rocks of the mountain blocks on the same side of the basin.

How-

, ever, the composition of particles on the lowest surfaces, on both
sides of the valley, generally is volcanic, which probably indicates
the importance of the Gila River as a transporting agent as well as an
eroding agent near the center of the valley.
The occurrence of several levels of steplike erosion surfaces
on each side of the river is not restricted to the Safford basin.

They

occur in the nearby San Pedro basin, in the C 1ifton-Duncan basin, and
in other breached basins as distant as the Rio Grande trough in New
Mexico.

Davidson (1962) refers to the stepped surfaces in the Safford

basin as "terraces", but the great width, and the considerable difference
in elevation of the lowest and highest parts, of the individual surfaces
indicate that they are not river terraces.

Other features, such as

differences in composition of capping materials on the higher and lower
surfaces, and the observed progression of better sorting, decrease in
sand content, and decrease in maximum particle size from the higher to
the lower surfaces indicate that the conglomerates probably are largely
the result of progressive reworking of materials to successively lower
levels.

Morrison (1965) ascribes both the surfaces and the capping

gravels in the Clifton-Duncan basin to the effects of large Pleistocene
lakes.

Morrison's evidence for the large lakes in the Clifton-Duncan

basin is not very convincing, and no evidence of large lakes in the
upper Safford basin is known from sediments younger than the green clay
facies of the lower Basin Fill.

Certainly, there is no valid evidence
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of large lakes in the upper Safford basin which might have existed
during the degradational stage.

Lakes whose levels in the Safford basin

would have been comparable to the levels postulated by Morrison in the
Clifton-Duncan basin, would have occupied a major portion of the basin
area.

Such lakes would have left a thick accumulation of fine-grained

lacustrine deposits correlative with any gravels deposited at higher
levels along the shore.
The ages and types of underlying deposits, and the descriptions
of the erosion surfaces and their capping gravels given by Hawley and
Gile (1965) for the Rio Grande Valley in New Mexico could be applied
with few changes to the Safford basin.

These authors avoid genetic

implications by their designation of the similar surfaces in the Rio
Grande Valley as "a stepped sequence of valley-border geomorphic surfaces",
but they do state that the surfaces were graded to successively lower
floodplain levels of the Rio Grande.

A similar origin is proposed for

the stepped pediments in the Safford valley.
The general sequence proposed for the development of stepped
pediments began with breaching of the basin and initial downcutting of
the gorge through the Mescal Mountains.

This caused rapid incision of

the Gila River and widespread, vigorous erosion of the Basin Fill by
oversteepened tributaries graded to the new, lower, level of the trunk
stream.

This erosion eventually graded the valley surfaces to about

the gradient of the tributaries.

The erosion was accompanied by trans

portation of gravel from the mountain block and upper piedmont areas
by the laterally swinging, overloaded tributary streams.

These
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coarse-grained materials, along with large particles in the upper Basin
Fill were left behind on the eroded surface to form the oldest, and
highest pediment cap on a pair of surfaces extending from the mountain
fronts to the Gila River floodplain.

The initial cycle of downcutting

probably resulted in a deeper incision of the trunk stream than did
subsequent, individual cycles, and the initial pediment surface had a
steeper gradient than did the surfaces formed later.
Successive episodes of downcutting and relative stability of
the level of the outlet gorge caused repeated cycles of upstream incision
of the Gila River inner-valley.

However, since the successive base

level lowerings probably were smaller, the tributaries heading in the
mountains were much less effective in eroding the Basin Fill during
the later cycles, than they were during the first.

Instead, lateral

cutting of the Gila River, and lateral extension of its floodplain
grade by approximately parallel retreat of the inner-valley scarps
became the predominant erosional processes in the basin.
Several factors might have influenced the postulated differences
between the erosional processes predominating during the initial episode,
and those predominating during the succeeding episodes of base level
lowering.

Two of these are believed to have been most important.

First,

the amount of downcutting of the outlet gorge during the first cycle
would have been influenced by the greater waterflow resulting from
draining of aquifers up to the pre-degradational surface, and by drain
ing of any lakes on the Basin Fill surface.

This would have caused

greater downcutting of the gorge and greater lowering of the trunk
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stream, which serves as base level control for the tributaries.

Second,

the formation of a pediment cap during the first cycle produced an
"armored" pediment surface, which protected the underlying soft Basin
Fill sediments from streams issuing from the mountains.

This protection

was not available at the initiation of pediment cutting.

Also, the

pediment gravels provided a caprock overlying the more easily eroded
Basin Fill, which is necessary for the preservation of steep scarps, and
a requirement for the mechanism of parallel scarp retreat.

In the basin

landscape today, steep scarps are not maintained on the soft Basin Fill
where a caprock is absent in the upper part of the slope, or where the
thickness of the caprock closely approaches, or exceeds, the height of
the scarp.
Parallel scarp retreat is not a widely recognized mechanism in
the geomorphological development of river valleys.

Quinn (1957) dis

cussed the process and attempted to correlate terraces widened by the
mechanism in Texas with the Pleistocene climatic chronology.

The

mechanism probably is best illustrated in the maintenance of gently
curved, regular scarps along the margins of mesas and cuestas, and
probably predominates in the reduction of these larger features to
buttes and pinnacles.

It can be argued that mesas, buttes, and capped

pinnacles represent a continuous series of erosional forms of roughly
circular outline resulting from concentric parallel scarp retreat.

The

structural requirements of resistant layers near the top of the slopes,
overlying easily eroded materials, is common to all the forms.

The

mechanisms operating in this hypothetical, but probably valid, erosional
sequence probably are operative along the linear scarps parallel to
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incised rivers in comparable climatic environments.

In the case of

the linear scarps in the Safford basin, the coarse-grained materials
derived from the retreating scarps became the pediment cap of the sur
face below the scarps, and the fine-grained materials were spread over
the lower surface or washed laterally to the nearest through-flowing
tributary arroyo.
The scarps between the stepped pediments in the Safford basin
probably are still retreating.

Somewhat greater precipitation than

occurs in the area today would increase the amount of water flowing over
the scarps, and probably would increase the rate of retreat.

However,

if the climate became too humid, the scarps probably would become more
irregular, or even disappear, as a result of incision and widening of
minor drainageways which spill over the scarps, or by burial of the
easily eroded materials in the lower parts of the scarp, or by vigorous
lateral cutting of the main tributaries which head in the mountains and
are graded to the Gila River floodplain.
Some of the processes that are thought to maintain the alignment
of the scarps during retreat are illustrated on Figure 15 (a and b).
These processes include undercutting of the caprock by waterflow over
the scarp, resulting in arcuate failure and slumping of caprock blocks;
isolation of small buttes and capped pinnacles; toppling of pinnacle
rocks, and trimming of spurs either by erosion or by slumping and
weathering-out of particles and blocks from the caprock.
Groundwater flowing through the pediment cap conglomerate issues
from small springs in several localities in the Safford basin.

Ground-

water probably has been responsible for precipitation of caliche-like
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calcium carbonate cement in the conglomerate and uppermost Basin Fill
sediments (Plate 9b).

The action of spring water seeping from the

conglomerate along the scarps, also, may have been an effective agent
of erosion and undercutting of the soft materials beneath the caprock
during more humid periods of the Pleistocene.

In some localities a

gentle backslope is present behind the scarps, and this may have resulted
from increased cementation, and increased resistance to erosion, by
evaporating groundwater solutions along the scarp.

Alluvial Fan Deposits

Degradational stage alluvial fan deposits are similar to, but
generally thinner and less widespread than, those in the Basin Fill.
In some localities the fan deposits are composed predominantly of
boulders of very large size.

The most common areas of occurrence of

the fans are on the broad floors of incised tributary valleys, just
below the mountain fronts.

The deposits of the toes of the fans merge

downslope with coarse-grained alluvium in the incised valleys, or with
terrace deposits along the sides of the tributaries.
Along the northeast side of the basin there are wide belts of
colluvial gravels, alluvial sheets of slightly transported gravel, and
alluvial fans in the valleys, all of which merge laterally to form
aprons at the foot of the Gila Mountains.

Some of the gravel and con

glomerate below the surface of the aprons probably are deposits of the
Basin Fill, but it is not clear what criteria can be applied to dis
tinguish the various coarse-grained marginal deposits.

Locally,
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conglomerate resting on volcanic rocks probably extends beneath fine
grained Basin Fill, as was suggested by Schwennesen (1921, p. 7-10)
and in the present report in the section describing the basal conglomer
ate facies.

Even though some of the marginal conglomerate beds do not

extend out over the fine-grained beds of the Basin Fill, the upper part
of almost every marginal conglomerate section can be traced from the
mountain front out to alluvial fan, terrace, or pediment cap deposits of
the degradational stage.
Secondary fans, of small size, occur around the eroded toes of
the larger fans of the Basin Fill, particularly on the southwest side
of the basin.

The sediments in these fans typically reflect the compo

sition and, to some extent, the texture of the eroded older fans.
Use of the term "fanglomerate" has been avoided throughout this
report because of its lack of precision in defining the texture and
depositional environment of the sediments to which the term might be
applied.

An alluvial fan is a geomorphic landform constructed at the

mouth of a mountain canyon, and it may be composed of materials deposited
in a wide variety of environments.

The individual beds beneath the

surface of a fan are not all the result of rapid deposition at the
mouth of the canyon.

The beds may range from lacustrine clay to collu

vial boulders, depending upon conditions of sediment supply, and upon
the rate of growth of a fan relative to the rate of aggradation of the
valley floor.

Alluvial sheets of coarse-grained materials probably

comprise the most abundant type of beds of alluvial fans, but they
commonly occur in localities away from the mouths of canyons where they

■Lacustrine Clay
Lacustrine
Eroded Toe of Fan
Channel Conglomerate of Axial (Trunk) Stream

Secondary Alluvial Fan

Terrace Grave1
Mountain Block Rocks

Figure 17.

Diagram showing variety of sediment types, textures, and environments that may be
present within the area of an alluvial fan.
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can not be properly termed "fanglomerate".

Deposits at and beyond the

toes of fans might have textural characteristics similar to deposits
in the fan, but may have been deposited by axial streams aggrading the
valley, rather than by streams moving over the surface of the fans.

Fine

grained deposits may occur beneath the surface of an alluvial fan, very
near the mountain front.

These beds may have been deposited by the fan

building streams when only fine-grained particles were available in the
mountain source areas, or they may have been deposited on floodplains
or in lakes during periods when the rate of valley aggradation exceeded
the contemporary rate of fan deposition.

Application of the term

"fanglomerate" to include such fine-grained beds results in a gross
misstatement of both their texture and.their origin (see Figure 17).

Terrace Deposits

Many terraces are preserved in the upper reaches of tributary
valleys cut into Basin Fill, and they also may occur considerable dis
tances downstream from the mountain fronts (Plate 6a).

The gravel caps

of some terraces are continuous or at accordant grades, with pediment
caps downslope (Figure 15c).

This indicates that the tributary streams

have responded to the same lowerings of base level of the Gila River as
have the pediment surfaces.

However, more, terrace levels are present

in the large tributary valleys than there are pediment levels in the
adjacent interfluves.

This indicates that the tributary valleys have

been more sensitive in their response to base level changes than pediment
areas, as might be expected.

Terraces generally are absent, or poorly
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developed, in the short, recently formed, tributary arroyos which ex
tend only a short distance headward from the present grade of the Gila
River floodplain.
Terrace deposits at a given distance from the mountain front
typically appear to be more poorly sorted and to contain a higher per
centage of large boulders than nearby pediment caps.

In this respect,

the terrace gravels resemble in composition and sorting characteristics
the gravels capping pediment surfaces located at higher levels, nearer
the mountain fronts.
The terrace deposits mainly represent inner-valley fill which
was deposited in stream channel environments, and which was subsequently
incised by the streams in response to base level lowering.

However,

some of the terraces have been widened, and their gravel caps have been
extended laterally, by retreat of the scarps above the terrace levels.
This scarp retreat along the tributary valley walls is closely analogous
to the parallel scarp retreat which is inferred to have been the prin
cipal mechanism in forming the stepped pediments whose scarps parallel
the Gila River.

The rate of retreat of scarps parallelling the tribu

tary streams presumably would be slower than the rate of those parallel
ling the Gila River.

This is because the scarps bordering the tribu

tary valleys are oriented along the direction of basinward slopes and
would, therefore, receive less runoff over the crest of the scarp.
Some of the scarps bordering the terraces along Big Spring Wash, north
of Pima, and along Stockton Wash, southeast of Safford, show evidence
of lateral retreat by mass wasting and erosion by gullies running over
the scarps.
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Inner-Valley Fill

Sediments deposited in the inner valley, or trough, of the
present Gila River, San Simon Wash, and their larger tributaries were
not investigated in detail by this writer.

The information presented

below is a summary of the description by Fair (1961).
The inner valley of the Gila River is important to the economy
of the upper Safford basin because it comprises almost all the arable
land present, and its deposits are the main source of groundwater used
for irrigation.

The inner-valley fill consists of fine-grained flood-

plain silt at the surface, underlain by predominantly sandy and gravelly
deposits ranging in thickness from about 20 feet to more than 110 feet.
The average thickness near Solomon is about 80 feet, and near Pima it
is about 50 feet.

The average width of the inner-valley fill is 1 to 3

miles, and the thickest deposits generally occur along the northeast
side of the trough.
Materials of the inner-valley fill below the surface consist of
lenses and stringers of sand and gravel with a few lenticular clay inter
beds.

The clay lenses are in discontinuous zones at two stratigraphic

levels, one near the base of the fill, and one near the top.

The fill

was deposited in a trough cut by the Gila River, presumably.during the
latest Pleistocene and Recent times.

The rise in base level, which

followed cutting of the trough and resulted in deposition of the fill,
was ascribed by Fair to a decrease in the volume of flow of the Gila
River.

The principal evidence of reduced flow volume is the shorter

radius of meander loops of the present Gila River when compared with the
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radius of loops in the traces of ancient meanders.

Fair also cited

the increase of gradient of the Gila River throughout deposition of
the fill, and a general upward decrease in grain size of the innervalley sediments as indicating decreasing flow volumes of the river.
Low terraces lacking significant thicknesses of capping mate
rials are present within the inner valley of the Gila River, and indi
cate recent minor lowering of base level.

Whether this trend is

continuing or not is unknown.
Very little is known about the composition of inner-valley
fill in the San Simon Wash or in the larger tributary drainages of the
basin.

The materials at the surface generally are fine-grained in the

lower and middle reaches of the tributaries and somewhat coarsergrained in the upper reaches.

However, the fill in the tributary

valleys generally is very thin, and scattered outcrops of resistant
Basin Fill not uncommonly protrude through the fill.

Whether the

troughs of the tributary valleys "are graded along their entire lengths
to the bottom of the Gila River trough, or only along their lower
reaches, is not known.

The indicated thinness of the tributary fill at

distances of a mile or two from the Gila River may suggest that filling
of the inner valleys might have begun before the tributaries had graded
their beds by erosion to the deepest level of the Gila River trough.

REGIONAL CORRELATIONS OF THE BASIN FILL

Sediments in the upper Safford basin can be correlated, with
various degrees of precision, with sediments in other basins of this
region.

The sections which most obviously should be correlative with

those in the upper Safford basin occur in the other depositional sub
basins of the same structural trough.

These are the San Simon basin,

to the southeast, and the lower Safford basin to the northwest.

Deposits

of similar age are exposed, also, in the Clifton-Duncan basin, the
Sulphur Springs, or Willcox, basin, the small Dripping Springs basin,
and the San Pedro basin.

The location and hypsometric relationships

of these basins are shown on Figure 16.

It is interesting to note that

sediments of upper Safford basin probably can be correlated more con
fidently with those of the upper part of the San Pedro basin, near
Benson, than with those in the other basins, except possibly the lower
Safford basin.

This is due largely to the occurrence in the upper

San Pedro basin of the well known Benson and Curtis Ranch vertebrate
faunas, which are approximately equivalent to the Flat Tire and Tusker
faunas, respectively, in the upper Safford basin.

Also, recent work

by R. S. Gray (1965) in the Benson area provides data for lithologic,
as well as faunal, correlations.
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San Simon and Lower Safford Basins

Very little information is available concerning sediments of
the San Simon basin.

Degradation of the Basin Fill has not proceeded

far enough into the basin to give good exposures beyond the north
western margin of the basin, where it joins the upper Safford basin.
Well logs are available for wells drilled in the vicinity of Bowie and
San Simon, but no logs of deep wells were seen.

The subsurface section

in the Bowie-San Simon area indicates that beds lithologically similar
to the green clay facies of the upper Safford basin occur near the
surface.

However, not enough is known of the detailed stratigraphic

relationships in the San Simon basin to permit correlation of these
units with the upper Safford basin section.
Correlations of the units in the upper Safford basin with those
in the lower Safford basin were discussed in the earlier sections of
this report describing the Basin Fill facies.

Correlations between

these two adjacent sub-basins are hindered by the slight lithologic
variation in the thick stratigraphic sequence represented by the red
facies, which occurs in the area between the two basins.

The principal

basis for correlation, other than topographic position, is the probable
equivalence of the camel track tuff to the reservoir tuff.

If the two

tuffs are, indeed, the same unit a general age relationship between
deposits in the two basins can be established.
Marlowe (1961) divided the sediments of the lower basin into two
facies, the red facies and the white facies.

The red facies, as in the

northwest part of the upper basin, occurs at all stratigraphic levels
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from the lowest to the highest parts of the Basin Fill.

The white

facies occurs on the northeast side of the basin from about Bylas to
San Carlos, and interfingers and intergrades with the upper part of
the red facies.

The white facies sediments were deposited mainly in

lacustrine environments.

Marlowe indicated that the reservoir tuff,

which occurs mainly on the southwest side of the basin, is stratigraphically equivalent to beds in the lower one-third of the white facies
sequence.

The equivalence of this tuff bed to the camel track tuff

bed would indicate that most of the white facies are correlative with
the several upper Basin Fill facies in the upper Safford basin.

This

equivalence is supported by the occurrence of sediments of the white
facies up to elevations of 3,500 feet, or higher, and by their inter
gradation with the upper part of the red facies section, like the pied
mont and orange silt and conglomerate facies in the upper basin.

Also,

the pyroclastic content and association with volcanic rocks might
suggest a relationship between the white facies and the tuffaceous
lacustrine facies near the top of the Basin Fill section in the upper
basin.

Unfortunately, no vertebrate fossils are known from any of

the lower Safford basin beds.
The deposition of the sediments of the white facies in lakes of
considerable areal extent contemporaneously with deposition of the mainly
fluvial facies in the upper Safford basin suggests that the lower
Safford basin was the terminus of surface drainage in the trough at
this time.

This conclusion is supported by the observed indications of

northwestward sediment transport in beds of the orange silt and
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conglomerate facies and in the axially deposited interbeds of the
piedmont facies.

The very high carbonate content of the white facies

suggests that the lakes might have been closed, or nearly closed, bodies
of water.
The white facies sediments are believed to have been deposited
in a lake or lakes which existed up to the time of initial breaching
of the Safford basin.

It is possible that overflow from the lake in

which the uppermost sediments of the facies were deposited was actually
the cause of breaching.

A particularly humid climate would not have

been necessary for maintenance of lakes in the lower Safford basin,
since the watershed area drained by the Gila River at that time was
essentially the same as the modern watershed area.

Comparison of the

area of the white facies lake with the largest extent of water in the
modern San Carlos Reservoir, in the same part of the basin, indicates
that the climate was somewhat more humid than the present climate,
however.
Clifton-Duncan Basin

The predominant basin-fill material of the Clifton-Duncan basin
consists of tan to pale-orange silt.

This material closely resembles

the silt of both the red facies and the orange silt and conglomerate
facies in the upper Safford basin.

The time of integration of'the Gila

River drainage of the Clifton-Duncan basin with that of the Safford
basin is thought to be indicated by sediments of the upper textural
phase of the orange silt and conglomerate facies.

If this interpretation

is correct, the silt deposits might have been an important source of

155

sediments assignable to the upper Basin Fill in the Safford basin.
This would imply that the bulk of the orange silty fill in the CliftonDuncan basin is correlative with deposits older than the upper Basin
Fill in the Safford basin, and, therefore, is mainly Pliocene in age.
Tuffaceous sediments probably deposited in lacustrine environ
ments rest disconformably upon coarse-grained red beds near the center of
the basin, in the vicinity of Duncan.

It is not clear whether the tuff

aceous sediments are facies of the orange silty fill, or if they rest
disconformably upon the orange silty fill, as well as upon the coarse
grained red beds.

If the disconformity at the base of these beds repre

sents erosion caused by the initial breaching of the Clifton-Duncan
basin during the early Pleistocene, the tuffaceous sediments might be
correlative with the tuffaceous lacustrine facies in the upper Safford
basin.

Also, they might be entirely younger than any of the Basin Fill

in the Safford basin, if they were deposited in a lake caused by damming
of the river long after the initial breaching of the Clifton-Duncan basin.
Alternatively, the tuffaceous deposits in the Clifton-Duncan
basin may be lateral facies of the orange silty fill,

in this case,

their position low in the basin would indicate that they probably are
Pliocene in age.
Only a tentative correlation between deposits in the CliftonDuncan and the upper Safford basins can be proposed, since the detailed
stratigraphic relationships in the Clifton-Duncan basin have not been
investigated.

It is proposed that the coarse-grained red beds beneath

the disconformity, near Duncan, are correlative with part of the basal
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conglomerate facies, or the lower part of the red facies, in the upper
Safford basin.

The thick, orange, silty fill is believed to be equiva

lent to part of the similar deposits of the red facies of the lower Basin
Fill in the upper Safford basin.

Deposits of most of the upper Basin

Fill in the upper Safford basin are probably represented by erosion in
the Clifton-Duncan basin, with the possible exception of the tuffaceous
sediments above the disconformity, near Duncan.

These sediments are

tentatively correlated with the tuffaceous lacustrine facies at the
111 Ranch locality and in the reentrant canyon north of Sanchez.
Vertebrate fossils identified as Blancan in age (J. F. Lance,
personal communication) occur in stratigraphically low exposures of the
orange silty fill in the Clifton-Duncan basin.

However, no diagnostic

vertebrate fossils are known to have been recovered from the tuffaceous
sediments near Duncan, and Irvingtonian vertebrate fossils have not
been reported from any localities in the basin.

The tentative correla

tions presented in the preceding paragraph suggest that post-Blancan
vertebrates might be found in the tuffaceous sediments.

Sulphur Springs, or Willcox, Basin

The Sulphur Springs, or Willcox, basin can be regarded as a
closed basin, even though Aravaipa Creek has barely breached the north
west end of the trough.

Willcox Playa, the main central-basin feature,

has been the site of deposition of lacustrine sediments, periodically,
through much of late Pleistocene, and probably earlier, time.

Shore

line features of the extinct Lake Cochise (Martin, 1963) occur above
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the piaya floor, and late Pleistocene sediments occur at the piaya
surface.

Sediments equivalent to the older Basin Fill in the Safford

basin presumably occur in the subsurface section beneath Willcox Playa,
but this section has not been investigated in detail.
Little is known about the age of deposits exposed in the canyon
of Aravaipa Creek where it cuts the northwest end of the basin.

Head-

ward cutting by the creek has only begun to dissect the basin fill,
and the deposits are marginal facies.

Deposits exposed along the roads

in the canyon show general textural similarities to the beds of the
orange silt and conglomerate facies in the upper Safford basin, but
the general similarity may indicate only a similarity of conditions of
sediment supply and transport.
The slow progress of Aravaipa Creek in its headward cutting can
be cited as an illustration of the ineffectiveness of this process in
breaching a basin.

Had the level of Lake Cochise reached this spill-

point, the rate of outlet cutting surely would have been much faster.

Dripping Springs Basin

The small Dripping Springs basin occurs between the lower
Safford basin and the lower San Pedro basin (Figure 16).

The deep

gorge of the Gila River has been cut transversely through the south
eastern end of the basin, leaving the basin fill sediments perched
several hundred feet above the bed of the cross-cutting river.
Deposits exposed in this basin consist in large part of tan
to pale-orange silt and silty sand, materials which appear to be nearly
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ubiquitous in basin-fill sediments of the region.

It is possible that

the fill was dropped into the basin during the early stages of degra
dation of the Safford basin.

However, the few outcrops examined showed

rather regular, horizontal bedding, or horizontal sets of cross beds,
which might indicate that the materials were locally derived and de
posited in the basin before integration with the Gila River drainage.
Investigation of the age and relationships of deposits in this basin to
those in the larger basins on each side might provide a great amount of
/

information concerning the history of drainage integration between the
larger basins.

San Pedro Basin

This large basin occupies a structural trough which is sub
parallel to the trough containing the Safford basin.

It probably con

tains several depositional sub-basins along its length, and at least
two of these are recognized in this report.

The lower San Pedro basin

occupies the northwestern part of the trough in the vicinity of Mammoth
and Redington, and the upper San Pedro basin lies to the southeast, in
the vicinity of Benson.

The San Pedro River flows through the basins

and joins the Gila River in the lower basin, near Winkelman.
Sediments in the lower San Pedro basin include green silt and
clay, which resemble the green clay facies in the upper Safford basin,
except that they are somewhat coarser grained and they may have been
deposited in floodplain, rather than lacustrine environments.

The green

fine-grained beds in the lower San Pedro basin contain Hemphillian
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(Pliocene) vertebrate fossils near Redington (Lance, 1961), at eleva
tions of about 3,000 feet above sea level.

The vertebrate fossils in

the fine-grained beds indicate that they are older than the upper part
of the green clay facies exposed in the center of the upper Safford
basin.

However, it is possible that the lower part of the green clay

facies is as old as the fine-grained fossiliferous basin fill near
Redington.
Heindl (1963) assigned the fine-grained basin fill in the lower
San Pedro basin to the Quiburis Formation.

Heindl also recognized a

coarser-grained formation, the Sacaton, in the same area, which disconformably overlies the Quiburis.

It is proposed in the present report

that the Quiburis formation is correlative, in part, with the lower
part of the green clay facies, and older fine-grained beds of the lower
Basin Fill in the upper Safford basin.

The Sacaton formation is analo

gous stratigraphically to degradational stage deposits in the upper
Safford basin.

However, age relationships can not be definitely

established, because degradation of the lower San Pedro basin might
have begun at any time after deposition of the Pliocene Quiburis
formation.
Sediments in the upper San Pedro basin, near Benson, can be
correlated much more precisely with those in the upper Safford basin.
Vertebrate fossils from the Benson and Curtis Ranch localities show
the same transition from forms of Blancan age to forms of Irvingtonian
age that occurs in the 111 Ranch section.

The value of this time-

stratigraphic datum is enhanced greatly by the investigations by
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R. S. Gray (1965) of the detailed stratigraphic relationships of the
fossiliferous beds in the Benson area.
Gray (1965) classified the sediments in the vicinity of Benson
into three units which correspond to the degradational stage deposits
of the upper Safford basin, and one unit, the bottom of which could not
be defined, which corresponds to the Basin Fill in the upper Safford
basin.

Gray's units in the upper San Pedro basin are:
Recent Alluvium
Late Pleistocene Gravel Alluvium
Late Pleistocene "Granite Wash"
- - - - -(disconformity)- - - - ?Late Pliocene to Middle Pleistocene
St. David Formation
Gray (1965, p. 8) further subdivided the St. David formation

into three divisions.

The lower division consists predominantly of

red clay and red mudstone with minor small sand lenses.

The lower

division is exposed up to elevations of about 3,800 feet near Benson,
and well logs indicate that red clay predominates to at least a depth
of 2,800 feet in elevation.

The upper surface of the lower division

is about 200 feet below the Blancan-Irvingtonian faunal transition.
Gray's second division of the St. David contains fairly abundant beds
of limestone, green clay, tuffaceous units, and brown silt, in,addition
to the (?red) clay.
unit.

Most of the fossiliferous beds occur in the second

Although Gray does not indicate the thickness of this unit, he

(p. 19) states that the time boundary between the Blancan and postBlancan faunas is at, or near, 4,000 feet.

This implies that the
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second division is more than 200 feet thick.

The third division of

the St. David consists almost entirely of light brown to grayishorange silt, silty,clay, and fine sand separated by paleosol and
caliche units.

Some of the caliche units are well bedded and may

represent calcareous accumulations in playas.

This division is much

coarser textured than either of the lower divisions.

Its lower boundary

is transitional with the upper boundary of the second division.

The

upper surface is erosional, and all the younger units rest disconformably upon this unit, or upon the older units where degradation has been
severe.

The three units younger than the St. David formation are

degradational stage units of the San Pedro basin and, strictly speaking,
are not basin fill.
Lithologic similarities between Gray1s two lower divisions of
the St. David formation and the exposed facies of the Basin Fill in
the upper Safford basin suggest that the St. David formation is equiva
lent to the Safford Basin Fill section from about the green clay facies
upward.

The very fine texture and high clay content of Gray1s lower

division of the St. David make it quite similar to the red and green
clays of the green clay, and equivalent facies.

The textural homo

geneity of the green clay facies in the upper Safford basin and the
red clay unit in the lower St. David formation is evidence of similar
'

conditions of sediment production and deposition through a rather long
period of time.

On the basis of their similar texture and similar

stratigraphic position below beds containing the Blancan to postBlancan vertebrate faunal transition, the lower division of the
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St. David formation and the green clay facies are believed to be closely
correlative.

Since the thickness of the lower St. David is known to

be at least 1,000 feet, and the green clay is 400 to 800 feet thick, it
is possible that the lower division of the St. David may be correlative
with part of the evaporite facies, as well.
The differences in predominant coloration of clay in the correla
tive units in the two basins probably can be ascribed to differences in
depositional environments.

The red clay in the upper San Pedro basin

may have been deposited in shallower lacustrine, and fluvial, environ
ments than the green clay.

Evidence supporting this interpretation is

found in the analogous relationships between the green clay facies and
the red facies in the northwest marginal area of the green clay lake,
where the red clays predominate in the shallower water and non-lacustrine
sediments.
The second, or middle, division of the St. David formation in
the San Pedro basin probably is correlative with all the facies assigned
to the upper Basin Fill in the upper Safford basin, except, possibly,
the uppermost parts of the piedmont facies.

The lithologic similarities

between the units mainly derive from textural and compositional mixing.
The corresponding units in both basins show rapid variations of sedi
ment types and depositional environments within short lateral and
vertical intervals.

This similar heterogeneity is particularly dis

tinctive when compared to the relative homogeneity of the underlying
units in each basin.

Additionally, parts of each unit in both basins

contain a relatively high content of carbonates and pyroclastics.
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The similar lithologic variations in the second division of the St.
David formation and in the upper Basin Fill facies in the upper Safford
basin indicate that similar, variable, conditions of sediment produc
tion and depositional environments prevailed in both basins during
this time.
Occurrence of the Blancan to post-Blancan vertebrate faunal
transition 200 to 300 feet above the base of the units provides the
best evidence of close correlation between the second division of the
St. David and the upper Basin Fill.
Deposits with which those of the third, or upper, division of
the St. David formation can be correlated were not definitely recog
nized in the upper Safford basin.

It is possible that correlative

units may occur in some of the highest piedmont facies along the front
of the Pinaleno Mountains, above the elevation of 3,600 feet.

It is

also possible that part of the white facies in the lower Safford basin
may correspond to the upper, division of the St. David formation.
Correlation of sediments of the St. David formation with Basin
Fill units in the upper Safford basin provides a basis for placement of
the Pliocene-Pleistocene time-stratigraphic boundary in the San Pedro
basin, near Benson.

This correlation indicates that the best position

for the time datum probably is at the contact between the lower, red
clay, division and the middle, mixed-textured, division of the St. David
formation.

The climatic and stratigraphic rationale for the Pliocene-

Pleistocene boundary which was developed from the sedimentary record in
the Safford basin, is supported by the similar record in the upper San
Pedro basin.
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Correlation of the sediments in the upper San Pedro basin with
those in the upper Safford basin also indicates that degradation of
their respective basin fill sediments began at about the same time,
but that basin filling may have continued for a slightly longer time in
the upper San Pedro basin.

SUMMARY AND CONCLUSIONS

The structural trough in which the Safford basin is located
was blocked out during the period of major Basin and Range orogeny,
which probably culminated in Miocene time.

Differential subsidence of

portions of the trough, which resulted in formation of several depositional basins, or sub-basins, probably continued through part of
Pliocene time.

Maximum structural relief in the basin exceeds 11,700

feet, the difference in elevation between the top of the Precambrian
rocks in the Pinaleno Mountains and the lowest known Basin Fill deposits.
The reconstructed cumulative thickness of the Basin Fill in the upper
Safford basin is at least 4,800 feet.
Basin Fill sediments of the upper Safford basin can be divided
at a major sedimenrational break into the "upper Basin Fill" and the
"lower Basin Fill".

The predominantly subsurface lower Basin Fill

contains two main textural divisions.

The lowest textural division is

assigned to a single facies termed the basal conglomerate facies.

Two

fine-grained facies comprise the upper textural division of the lower
Basin Fill:

the evaporite facies and the green clay facies.

In the

northwest part of the basin a single unit, the red facies, spans the
entire stratigraphic interval of both textural divisions of the lower
Basin Fill, and comprises the entire axial section of the upper Basin
Fill, as well.

The upper Basin Fill, which is widely exposed, consti

tutes a third textural division, which can be designated the mixed
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textured division.
Basin Fill.

Three main facies make up the bulk of the upper

These are the orange silt and conglomerate facies, depos

ited along the axis and the northeast side of the basin; the piedmont
facies, deposited mainly along the flanks of the Pinaleno Mountains;
and the upper part of the red facies, in the northwest area of the
basin.

A fourth facies of the upper Basin Fill is the tuffaceous

lacustrine facies, which is preserved at the top of the Basin Fill
section in only a few localities.

Two other stratigraphic units,

treated as facies, are recognized in the Basin Fill.

These are the

calcareous facies, which occur just above and below the disconformity
separating the upper and lower Basin Fill, and the camel track tuff
marker bed, which occurs just above the same disconformity.
The lowest, coarse-textured, division probably was deposited
largely in response to general erogenic uplift; the sediments probably
were deposited mainly in alluvial environments, and their greatest
known thickness exceeds 2,300 feet.

The fine texture of the middle

division is believed to indicate abatement of basin orogeny; the sedi
ments were deposited largely in lacustrine environments, at least near
the basin axis, and their cumulative thickness is at least 1,900 feet.
The mixed-textured upper division (upper Basin Fill) is interpreted as
having been deposited entirely after significant tectonic movements in
the basin had ceased, and its coarse-textured sediments and numerous
alternations of texture are believed to reflect the control of climate
upon production of particles in the mountainous source areas.

Sediments

of the upper division were deposited in a wide variety of fluvial and
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lacustrine environments, and their original thickness varied from an
estimated 600 feet, or more, near the basin axis, to more than 800
feet in the piedmont area of the Pinaleno Mountains.
The sedimentational break and disconformity which

separate the

upper and lower Basin Fill is prominent only where coarse-grained sedi
ments of the piedmont facies or the orange silt and conglomerate facies
overlie beds of the green clay facies.

The elevation of this strati

graphic datum ranges from about 3,050 feet in the vicinity of Safford
to about 3,300 feet in one locality near the front of the Pinaleno
Mountains.

Beyond the areal limits of the green clay facies the change

in texture is barely discemable, or not discemable at all, and the
disconformity is absent, obscure, or indistinguishable from other
disconformities in the Basin Fill.

In many localities, however, the

stratigraphic position of the datum can be estimated from the position
of the camel track tuff marker bed or the calcareous facies.
Probably the most abundant sediment type in the Basin Fill is
pale-orange or tan sandy silt.

This is the predominant material in all

the fluvial facies, except the piedmont facies, and even those deposits
contain significant quantities of the material.

Petrographic analyses

indicate that the silt probably was derived mainly from the weathering
of volcanic rocks, which are abundant in the mountains bordering the
northeast side of the basin, and in mountainous areas of the Gila and
San Simon watersheds.

Large quantities of orange silt in the upper

Basin Fill may have been derived from the eroded fill in the upstream
Clifton-Duncan basin.

The stratigraphic position of torrentially
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deposited silt containing boulder conglomerate lenses at the mouth of
the Gila River Gorge indicate that the upstream basin was breached
sometime during the early part of deposition of the upper Basin Fill
in the Safford basin.
The great extent, thickness, and homogeneity of the green clay
facies in the upper Safford basin indicate the presence of a large, longlived lake.

The predominantly green, or blue, color of these deposits

is thought to indicate a reducing environment of deposition, and possi
bly deep water.

Dispersed salts in the green clay facies, and more

concentrated salts in the underlying evaporite facies, are taken to
indicate a high degree of hydrologic closure of the lake basin.

How

ever, the difference in concentration of evaporitic salts in these two
facies may indicate some lake overflow during deposition of the green
clay facies.

With or without overflow, the large areal extent of the

facies from near Pima, southeastward to beyond Tanque, indicates that
the lake area must have been great.

A climate much more humid than

the present climate of the region must have been necessary to maintain
such a large lake.

Near the top of the green clay facies, the concentra

tion of evaporitic salts increases, and yellow coloration of the clay
becomes predominant, as it is in most of the stratigraphically lower
evaporite facies.

This change in the sediments near the top of the

green clay facies, which is also the top of the lower Basin Fill, is
interpreted as indicating a shift toward greater climatic aridity.
Nowhere in the upper Basin Fill is there sedimentational evidence of
a lake whose size even approached that of the lake that deposited the
green clay..
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Outpouring of coarse-grained piedmont facies over the lacustrine
green clay is ascribed to the effects of climatic change for several
reasons.

First, the evaporitic sequence at the top of the green clay,

followed by erosion of the lacustrine beds, indicate dessication of the
large lake.

Second, the piedmont deposits extend out from the mountain

front for a distance of 5 miles or more, indicating conditions of sedi
ment supply quite different from those previously existing when lacus
trine clay was accumulating within one or two miles of the mountain
front.

Orogenic uplift of the Pinaleno Mountains can probably be dis

counted as the cause of production and transport of the piedmont facies,
since no evidence of significant faulting or folding was seen in the
marginal Basin Fill or adjacent mountain block rocks.

Continued

aggradation of the center of the basin and evidence of small lakes and
high water-table levels in the marginal areas indicate that base level
continued to rise through deposition of much of the upper Basin Fill, so
entrenchment of the bed of the Gila River can not have been responsible
for the texture change so evident in the piedmont facies.
If the Pleistocene can be distinguished from the Pliocene on
the basis of climate, and if the climatic change is reflected by a
sedimentational break in the Basin Fill of this basin, then the boundary
between the green clay facies and the overlying piedmont facies is pro
posed as most logically representing the Pliocene-Pleistocene boundary.
The main rationale for selection of this sedimentational break as the
Pliocene-Pleistocene boundary is that it is believed to represent a
major climatic shift, that it occurs 200 to 300 feet stratigraphically
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below the Blancan to post-Blancan vertebrate faunal transition, and
that no other significant sedimentational change occurs within 400 to
800 feet below the top of the green clay.
It is recognized that the datum chosen as the Pliocene-Pleisto
cene boundary separates climatic episodes that might be categorized as
"pluvial" below, and interpluvial" above.

This does not imply that the

Pleistocene Epoch in southern Arizona began with an "interpluvial".
It does imply, however, that the onset of the Pleistocene may be marked
by a shift from near-maritime to continental climatic conditions in
this region.

It also implies that, at least in the early Pleistocene,

there is no necessary correlation between "pluvial" episodes in southern
latitudes and glacial advances in northern latitudes.

It is interesting,

and significant, that similar cool-dry, strongly continental, early
Pleistocene climatic conditions are indicated by pollen flora from
samples in the Channing basin, located in the Texas Panhandle (Harbour,
1966).

The Channing sediments which contain the pollen flora occur about

250 feet below the Pearlette ash, which is approximately equivalent in
age to the sediments in the upper Safford basin that contain the Blancan
to post-Blancan vertebrate faunal transition.
It is possible that the apparently good correlation between
pluvial episodes and glacial advances during the last Pleistocene
glaciation is mainly the result of general increases of moisture, only.
Such a climatic change might result in glacial advances only in areas
where the climate was already extremely continental and cold, and in
expansion of pluvial lakes in areas where the mean annual temperature
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was well above freezing.

Many areas of the world, today, with strongly

continental climates have mean annual temperatures below freezing,
but have insufficient precipitation for glacier formation or advance.
Thus, the change in climatic conditions which distinguish the early
Pleistocene climates from those of the Pliocene may have been the
establishment of continental conditions in areas where near-maritime
conditions prevailed earlier.

Regardless of the mechanisms involved

in Pleistocene climatic changes, continental climatic conditions probably
can be regarded as a necessary prerequisite to glaciation.
Lithologic correlation of the upper Safford basin sediments
with those in the upper San Pedro basin, near Benson, indicates that
a textural change from the lower to the middle division of the St. David
formation parallels the textural change in the upper Safford basin from
the green clay facies to the piedmont facies.

This correlation, con

firmed by the vertebrate fossils, supports the interpretation of
climatic control of sediment production.
Correlation of the reservoir tuff and the major part of the
white facies of Marlowe (1961) in the lower Safford basin with the
camel track tuff and upper Basin Fill, respectively, in the upper basin,
indicates that lacustrine deposition predominated in the lower basin
during the latest part of the aggradational stage of the basin.

This

correlation implies that the lake,.or lakes, in the lower basin probably
were the terminus of through-flowing drainage in the upper basin during
deposition of the mainly fluvial sediments there.

Epeirogenic tilting

of the basin axis toward the northwest is thought to have caused the
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through-flowing drainage in the upper basin at the beginning of depo
sition of the upper Basin Fill.

That this drainage change was not

initiated by lake overflow from the upper basin to the lower is indica
ted by the evaporite sequence near the top of the highest lacustrine
beds of the green clay facies in the upper basin.

Lake overflow would

have decreased, rather than increased, the concentration of evaporite
minerals in the lake deposits by removing salt and gypsum, in solution,
by water discharging through the lake outlet.
Epeirogenic tilting, which is inferred to have occurred at the
beginning of deposition of the upper Basin Fill, would have had little
direct influence upon sediment production in upland areas, because its
effect upon local relief and gradients would have been slight.

Upward

epeirogenic movements might have had pronounced effects upon climates,
however, particularly in upland areas.

Thus, epeirogeny might have

indirectly affected sediment production, if the amount of movement were
great.
Correlation of the uppermost deposits in the lower Safford
basin with those in the upper basin implies, also, that some of the
white facies in the lower basin probably are equivalent in age to the
tuffaceous lacustrine facies, and may contain fossils of post-Blancan
age, like the beds at the 111 Ranch locality.
The highest elevation of lacustrine beds of the white facies
in the lower basin, about 3,500 to 3,600 feet (Marlowe, 1961), provides
an indication of the upper limit of basin filling.

Since sedimentational

features of the fluvial upper Basin Fill sediments indicate northwestward
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drainage from the upper basin to the lower, it must be assumed that a
gradient along the axis of the basin existed.

Therefore, the eleva

tion of the highest Basin Fill in the center of the basin near Safford
must have been higher, originally, than the lacustrine units in the
lower basin.

This simple relationship indicates that the uppermost

Basin Fill near Safford probably exceeded 3,600 feet in elevation.

This

would indicate that degradational stage erosion in the vicinity of
Safford has removed more than 600 feet of Basin Fill from the axis
of the valley.

The 2 ,400-foot-elevation of the Gila River at the out

let gorge indicates that the amount of downcutting in that area has
amounted to at least 1,100 or 1,200 feet.
The presence of a lake, as indicated by the lacustrine white
facies, in the immediate vicinity of the outlet gorge is strong cir
cumstantial evidence that lake overflow might have been the direct
cause of breaching of the Safford basin.

The high elevation of the

uppermost lacustrine beds in the lower basin indicates that the level
of the lake in which they were deposited was quite high.

Headward

cutting by a tributary from the adjacent Dripping Springs basin, or
structural movements accompanying the nearby volcanic activity may have
played some part in breaching of the Safford basin, but their occurrence
is hypothetical.

Similarly, the present gorge through the Mescal

Mountains might have been the course of a pre-orogenic (Miocene) river,
as postulated by Melton (1960), but the strongest available evidence
suggests that the most likely immediate cause of breaching was overflow
from the lake in which the uppermost beds of the white facies were
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deposited.

This occurred during the middle Pleistocene, probably

shortly after deposition, in the upper Safford basin, of the tuffaceous
lacustrine beds which contain the Blancan to post-Blancan vertebrate
faunal transition.

RECOMMENDATIONS FOR FURTHER STUDY

General recommendations for further study include more detailed
mapping of several areas on larger scale base maps than were available
during the present investigations.

A detailed study of the deposits of

the piedmont area of the Pinaleno Mountains would provide valuable
information concerning the relationships between sediment types, environ
ments of deposition, fan growth and valley aggradation, and source area
mineralogy and petrology.

Careful search of these deposits for fossils,

vertebrate and invertebrate, might be productive, in which case the age
relationships and, possibly, climatic variations within the youngest
Basin Fill sediments could be better understood.

It is possible that

more specific criteria for environmental interpretations could be
developed from a study of the inorganic, or sedimentological, character
istics of the sediments in the piedmont area.

The present study has

indicated, mainly on the basis of sediment texture, that the deposits
represent a period of major climatic shift in the region, and continuing
climatic variations within the newly established climatic regime.
A more detailed study of the areal relationships and sediment
variations within the lateral transition of the delta facies to the
green clay facies, between Solomon and Sanchez, should provide valuable
information concerning lake level and ancestral Gila River flow relation
ships and variations.

Such a study would also provide much sedimen

tological information concerning the characteristics of delta deposits
in continental basins.
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Detailed study of the small area in the reentrant canyon, north
of Sanchez, which contains the sediments correlated with the tuffaceous
lacustrine facies at 111 Ranch would confirm, or deny, the correlation.
If the correlation is, indeed, valid, the sediment section beneath the
tuffaceous deposits at Sanchez would provide a more compact sequence
for interpreting the environmental changes leading to the transition of
Blancan to Irvingtonian vertebrate fossils, which is recorded in the
111 Ranch section.

The closer proximity of this section to the Gila

River might make it easier to relate its history to that of the general
Basin Fill sequence, than is possible with the 111 Ranch section.
Recommendations for further research in topical subjects include
studies of particular lithologic assemblages, and further collection
and study of fossils in the basin.

The tuffs and tuffaceous deposits

within the Basin Fill especially need to be investigated further,
because of their potential value in correlations.

The present study

shows that simple petrographic and heavy mineral studies are not ade
quate for distinction of the tuffaceous units.

More refined mineral

separations and chemical analyses might provide criteria for recognition
of the tuffs resulting from individual ash falls.

Further, more sophis

ticated, analyses of the calcareous deposits almost certainly would
provide a great amount of information concerning their depositional
environments, modes of emplacement, and paleoclimatic relationships.
Mechanical and compositional analyses of the pediment cap
conglomerates of the degradational stage should be performed to provide
data for interpreting their mode of deposition and determining more
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precisely their source.

These data, along with geomorphological studies,

would help to clarify the processes responsible for formation of the
stepped pediments in the basin.
Further prospecting for vertebrate fossils in the Basin Fill
is needed.

The present study indicates that post-Blancan fossils

might occur in sediments above 3,500 or 3,600 feet in elevation in the
piedmont area of the Pinaleho Mountains, particularly in the fine
grained interbeds.

Also, it is inferred that the uppermost deposits

of the white facies in the lower Safford basin might yield fossils of
post-Blancan age.
A very cursory inspection of diatom tests in lacustrine Basin,
Fill sediments indicates that relationships or correlations might be
established between units in some areas, and that variations in the
types present may be related both to sediment age and environment of
deposition.

The thick sequence of white facies in the lower Safford

basin is known to contain abundant diatoms at several stratigraphic
levels, and the beds of this sequence might provide a reference section
for diatom assemblages in early Pleistocene time.

Beds of the lacustrine

green clay facies should also be searched for diatoms, and other micro
fossils, as should the areally isolated lacustrine interbeds in the
piedmont facies.

Since the Basin Fill of the Safford basin contains

exposures of sediments probably ranging in age from late Pliocene to
middle Pleistocene, the succession of microflora or microfauna should
be of great interest.
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Samples of the camel track tuff were collected for potassiumargon age determination of the included biotite by the Lament Geophysi
cal Observatory.

The age determination, however, was never made.

Since

this tuff unit occurs within 50 feet, stratigraphically, of the probable
boundary between Pliocene and Pleistocene deposits of the Basin Fill,
its age should closely approximate the duration of the Pleistocene
Epoch.

For this reason, another attempt should be made to date the

biotite in the camel track tuff.

It is recommended that only the fresh,

nearly black biotite be used in the potassium-argon dating.
Since it is believed that the recognition of the proposed
Pliocene-Pleistocene time-stratigraphic boundary is the most significant
contribution of the present study, investigation of the composition,
and age determination, of the camel track tuff is the one line of
further research which is most strongly recommended.

APPENDIX
Detailed Descriptions of Measured Sections
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MEASURED SECTION I

Location:

Head Canyon, 2.0 miles west-southwest of Sanchez, SW 1/4

sec. 34, T. 6 S . , R. 27 E.
Approximate elevation of top of section:

UNIT

1 '

THICKNESS
IN FEET

9

3,300 feet.

DESCRIPTION

Pediment cap; well cemented, basaltic, cobble,
pebble, and boulder conglomerate.
Disconformity

2

6

- - - - - - - - - - - - - - - - -

Pale yellowish brown, flat-bedded, sandy silt;
calcareous cement in upper 2 feet.

3

2

Moderately well cemented, basaltic, sandy,
pebble conglomerate.

4

11

Partly covered; tan, slightly calcareous, sandy
silt; 8-inch-thick, calcareous, cross-bedded,
granular sandstone at base.

5

4.5

Light tan, fine-grained, structureless, soft,
silty sand; very limy at base.

6

1

Discontinuous lens of cross-bedded, basaltic,
pebble conglomerate.

7

9

Tan, cross-bedded, calcareous, sandy silt; grades
downward to sandy pebble conglomerate.
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Measured Section I, continued.

8

3

Gross-bedded, limy, pebble and small-cobble
conglomerate.

9

9.5

Tan, fine-grained, calcareous, sandy silt; string
ers of medium-grained sand, and thin calcareous
zones throughout.

10

2

White to light gray, very limy silt; may be
caliche zone.

11

7

Light gray to tan limy silt with numerous cal
careous concretions in upper 4 feet.

12

5

Light gray, sandy, limy silt, with ledge-forming
calcareous concretionary zone in lower 2 feet.

13

10

Tan, flat-bedded, thin-bedded, calcareous, silty
sand and sandy silt; 6-inch-thick granule con
glomerate at base.

14

2.5

Brown, very thin-bedded, blocky, fissured, clay;
calcite in vertical stringers.

15

44

Tan, grading downward to yellowish-brown, flatbedded, thick-bedded to massive, slightly cal
careous, silty sand; with scattered stringers of
sand, calcareous concretions, and granules; 3foot-thick sandy limestone 20 feet above base.
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Measured Section I, continued.

16

7

Cross-bedded, calcareous, basaltic, pebble and
small cobble conglomerate.

17

6.5

Tan, silty sand; bone scrap on surface.

18

4.5

White to light gray, very silty, possibly tuffaceous, impure limestone; ledge former.

19

23

Pale orange-brown, flat-bedded, silt; few string
ers of fine-grained sand and calcareous material.

20

0.5

21

16.5

Well cemented, granule and pebble conglomerate.

Pale orange-brown to tan, flat-bedded, moderately
thick bedded, sandy silt; 3-foot-thick zone of
calcareous concretions at base.

22

0.5

23

18.5

Tan, massive-bedded, sandy silt.

24

29

Tan, calcareous silty sand; sandy and calcareous

Well cemented, granule and pebble conglomerate.

stringers abundant in top of unit, less common
toward base.

25

0.5

Very light gray, sandy limestone.

26

0.5

Green, laminated clay.

.
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Measured Section I, continued.

27

14

28

4

Tan, flat-bedded, thin-bedded, sandy silt.

Reddish-brown, strongly cross-bedded, well cemented,
coarse-grained sandstone and granule-to-pebble
conglomerate.

29

(6)

Pale orange-brown, flat-bedded, sandy silt; base
not exposed.
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MEASURED SECTION II

Location:

First scarp above Gila River floodplain, 2.5 miles northeast

of Solomon, SE 1/4, NE 1/4 sec. 8, T. 7S., R. 27 E.
Approximate elevation of top of section:

UNIT

THICKNESS
IN FEET

3,135 feet.

DESCRIPTION

O
rH

rH

Terrace or pediment cap; well cemented, basaltic,
mainly cobble conglomerate.

3

19.5

1

1

1

1

1

1

1

1

1

1

1

2

Disconfonnity

- -- --

--

--

--

--

--

--

Green, laminated clay, tan silt bed at top.

Alternating thin beds of flat-bedded, tan, sandy,
clayey silt, fine-grained sand, and calcareous
sandstone.

4

3

Gray, flat-bedded, well cemented, calcareous,
medium-grained sandstone.

5

12

Alternating beds of tan to pale orange-brown,
clayey, sandy silt, and very thin beds of medium
grained sand and calcareous sandstone.

6

3

Gray, calcareous, possibly tuffaceous, friable,
fine-grained sandstone; blocky fracture.

7

3

Pale purplish-gray, loose, volcanic, poorly
sorted, coarse-grained sand.
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Measured Section II, continued.

8.

6

Bright yellowish-green, laminated clay; becomes
silty toward top; 1-inch-thick, persistent,
clayey limestone just above base.

9

3

Light brown, clayey, calcareous silt; thin, impure
limestones with irregular lower surfaces at top
and bottom of unit.

10

3

Orange-brown, thin-bedded, sandy, silty clay.

11

6

Interbedded pebble conglomerate, tan silt, sand.

12

26

Alternating thin beds of purplish-gray, medium
and coarse-grained, cross-bedded sand, and light
brown, laminated silt.

13

3

Steeply cross-bedded, calcareous cemented, resist
ant, small-cobble conglomerate.

14

9.5

Tan to light brown, laminated sandy silt; inter
calated lenses of cross-bedded, medium and coarse
grained sandstone; 6-inch-thick green laminated
clay 2 feet above base.

15

11.5

Thin sets of cross-laminated, pale purplish-gray,
medium-grained sandstone, alternating with thinner
beds of coarse-grained sandstone and granule
conglomerate.
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Measured Section II, continued.

16

7

Pale purplish-gray, flat-bedded, laminated, well
sorted, calcareous, friable, medium-grained sand
stone; contains some sets of cross laminations.

17

6

Covered.

18

2

Thin, alternating laminae of granule conglomerate
and coarse-grained sand.

19

1

20

(5)

Gray, silty, fine-grained sand.

Gray, mostly flat-bedded, calcareous, coarse
grained sandstone; some cross-bedding, few
cobbles; well-cemented pebble conglomerate at
base of exposure.
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MEASURED SECTION III

Location:

First scarp above Gila River floodplain, 2.3 miles north

east of Solomon, SW 1/4, NE 1/4 sec 8, T. 7 S . , R. 27 E.
Approximate elevation of top of section:

UNIT

THICKNESS
IN FEET

1

4

3,120 feet.

DESCRIPTION

Terrace or pediment cap, well cemented, basaltic,
mainly cobble conglomerate.
Disconformity

2

23

- - - - - - - - - - - - - - - - -

Tan to light reddish brown, mostly flat-bedded,
silty sand and sandy silt; contains pebble and
cobble conglomerate lenses near top.

3

2.5

Green, laminated clay.

4

9

Alternating thin beds of light brown and purplishgray, slightly calcareous sand, and brown sandy
silt.

5

2

Green, laminated clay with 3 to 4 impure limestone
stringers.

6

18

Tan, flat-bedded, thick-bedded sandy silt; contains
several thin, friable, calcareous, medium-grained
sandstone beds in upper half.
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Measured Section III, continued.

7

5.5

Green, laminated clay grading downward to red
clayey silt; contains at least three thin impure
limestone stringers.

8

3

Pale purplish-gray, cross-bedded, coarse-grained
sandstone and pebble conglomerate.

9

39.5

Alternating thin beds of tan sandy silt, pale
orange and gray silty sand, and brown clayey silt;
calcareous cement common in sandy layers; base
grades downward into unit 10, below.

10

8

Yellowish-ochre, at top, to bright yellowishgreen, below, laminated, blocky, fissured, slightly
sandy clay.

11

5

Pale purplish-gray, slightly calcareous, crossbedded coarse-grained sandstone and pebble con
glomerate; flat bedded at base, and grading down
ward into unit 12, below.

12

20

Alternating thin beds of green, laminated clay;
green, laminated, fine-grained sand, and pale
orange silt; ferruginous sandstone concretions
common in sands in lower two-thirds of unit; cur
rent ripples in lower part indicate flow in southward direction.
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Measured Section III, continued.

13

1.5

Cross-bedded, well cemented, pebble conglomerate.

14

6

Alternating thin layers of green clay, brown silt,
and fine-grained sand.

15

(6)

Pale purplish-gray, nearly structureless, loose,
volcanic, medium to coarse-grained sand; very
weakly cemented at top; base not exposed.
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MEASURED SECTION IV

Location:

Reentrant canyon 1.2 miles north-northwest of Sanchez, on

Kennecott Corporation claim.
Approximate elevation of top of section:

3,500 feet.

UNIT

THICKNESS
IN FEET

DESCRIPTION

1

40+

Pediment cap; basaltic, cobble and boulder con
glomerate, well cemented at base.
Disconformity

2

40+

- - - - - - - - - - - - - - - - -

Brown, massive, nearly structureless, calcareous,
sandy silt; contains many calcareous tubules;
impure limestone about 3 feet thick occurs about
10 feet above base of unit.

3

0.5

Bluish-white, discontinuous, highly altered,
vitric tuff.

4

2.5

Tan, impure, silty tuff.

5

2.5

White, almost pure, vitric tuff.

6

0.5

Tan, tuffaceous silt.

7

2

White, clayey, gypsiferous, tuffaceous silt.

8

10

Tan to pinkish-brown, calcareous fine silt;
impure limestone at base.
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Measured Section IV, continued.

9

■22

Tan to light greenish-gray, tuffaceous, slightly
calcareous silt.

10

1

11

11

12

2

13

27

14

2

Green, possibly bentonitic, laminated clay.

15

1.5

Light tan, probably tuffaceous, silt.

Greenish-white, possibly bentonitic, marl.

Brown, massive, clayey silt.

Greenish-white, possibly bentonitic, marl.

Pale orangish-brown, possibly tuffaceous silt.

16

21

Pale orangish-brown, massive, clayey silt.

17

12

Pale green to light brown, flat-bedded, thinbedded, silty clay and clayey silt at base,
grading to calcareous, silty sand at top.

18

(2.5)

Pale reddish-brown, micaceous, sandy, clayey silt;
base covered.

19

12

Covered.

20

28

Pale orangish-brown to tan, massive, sandy silt.
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Measured Section IV, continued.

21

10

Mostly covered; thin, impure limestone protrudes
from near top of interval.

22

(22)

Interbedded tan, massive, fine silt, pebble
gravel, and very impure limestone; base not
exposed.
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MEASURED SECTION V

Location:

Bear Springs, 7.7 miles west-southwest of Pima, SW 1/4 sec. 1

and NW 1/4 sec. 12, T. 7S. , R. 23 E.
Approximate elevation of top of section:

UNIT

THICKNESS
IN FEET

1

40+

3,350 feet.

DESCRIPTION

Pediment cap; poorly sorted, cross-bedded, cobble
to boulder conglomerate; contains many coarse
grained sand lenses.

- - - - - - - - 2

22

Disconformity

- - - - - - - - - - - - - - - - -

Orange, sandy silt with numerous interbeds of
green, medium and coarse-grained sand.

3

47

Green, poorly sorted, mostly coarse-grained sand;
contains impure limestone beds in lower half.

4

0.5

Discontinuous, white, vitric tuff (camel track
tuff marker bed).

5

15

Gray, calcareous, medium-grained sandstone, con
tains numerous orange silt interbeds and zones of
calcareous concretions.

6

7

Orange silt with ironstone concretions in zone
at base.
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Measured Section V, continued.

7

10

Greenish-gray, calcareous, silty sand; contains
at least two zones of calcareous concretions.

8

10

Orange, sandy silt; contains several thin, fine
grained sandstone stringers; irons tone concretions
very abundant at base.

9

22

Pale greenish-gray, calcareous, silty sand; con
tains several zones of ironstone concretions.

10

0.2

Hematite zone producing black to dark reddishbrown, platy rubble.

11

8

Green, laminated, silty clay; contains very thin
impure limestone and calcareous silts tone layers.

12

0.2

Hematite zone producing black to dark reddishbrown, platy rubble.

13

2

Light-orangish-brown, thin-bedded, strongly
calcareous, sandy, clayey silt.

14

4

Light orangish-brown, thick-bedded, slightly
calcareous silt.

15

6

Dark green, cross-laminated, loose sand; contains
numerous ironstone concretions near top; very
poorly sorted, but permeable.
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Measured Section V, continued.

16

17

0.5

(5)

Black to brown irons tone concretions.

Light greenish-gray, tan, pale purplish-gray,
apparently structureless, loose, medium to coarse
grained sand; possibly the main aquifer at Bear
Springs; base not exposed.

Pinkish-orange

weathering tuff is exposed in erosional remnants
nearby, and probably occurs about 15 to 20 feet
stratigraphically below top of unit 17.

MEASURED SECTION VI

Location:

Red Knolls, south side of Amphitheater Knoll, 1.3 miles west

of Ashurst, NE 1/4, NW 1/4 sec. 36, T. 5 S . , R. 23 E.
Approximate elevation of top of section:

UNIT

THICKNESS
IN FEET

1

1

2,950 feet.

DESCRIPTION

Residual cap; iron-manganese stained pebble gravel.
Disconformity

- - - - - - - - - - - - - - - - - -

2

14

3

3

4

12

5

1

Gray, impure, altered vitric tuff.

6

3

Green, laminated, silty, sandy clay.

7

28

Reddish-brown, cross-bedded, fine-grained sand.

White, clean, semi-indurated vitric tuff.

Light reddish-brown, tuffaceous, sandy silt.

Light reddish-brown, partly cross-bedded, slightly
calcareous, sandy silt; contains few cemented
fine-grained sandstone layers.

8

2

Light gray, well indurated, sandy limestone or
calcareous sandstone; prominent ledge-former in
area; contains fossil snails and charophyte
remains.
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Measured Section VI, continued.

9

3

Alternating very thin beds of silty, sandy lime
stone, and calcareous siltstone; transitional
between unit 10, below, and unit 8, above.

10

(95)

Dark brownish-red to reddish-brown, generally
flat-bedded, clayey siltstone and sandy siltstone; two thin calcareous zones, each underlain
by thick sequence of truncated, sweeping cross
beds occur 30 and 55 feet, respectively, below
top of unit; base of unit not exposed.
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MEASURED SECTION VII

Location:

Lower Bryce Wash, 3.0 miles north of Pima, SW 1/4 sec. 5,

T. 6 S. , R. 25 E.
Approximate elevation of top of section:

THICKNESS
IN FEET

DESCRIPTION

2

£

Pediment cap; weakly cemented cobble conglomerate.

!
1
1
1

1

1

K—

*

UNIT

3,070 feet.

Disconformity

30

- - - - - - - - - - - - - - - - - -

Light orange-brown, flat-bedded, sandy and clayey,
slightly calcareous silt; poorly exposed.

3

2

White, weakly indurated, vitric tuff; same bed as
unit 7 of Measured Section XIV; correlated with
camel track tuff marker bed.

4

6

5

50

Green, laminated, sandy and silty clay.

Pale orange-brown sandy and clayey silt; flatbedded at top, cross-bedded near base; contains a
few ironstone concretions.

6

7

1

(40)

Tan, calcareous, fine-grained sandstone.

Pale orange-brown, generally cross-bedded, sandy,
clayey silt with fine-grained sandstone stringers;
base not exposed.
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MEASURED SECTION VIII

Location:

Lower Bear Springs Flat, 3.4 miles west of Pima, SE 1/4

sec. 22, T. 6 S . , R. 24 E.
Approximate elevation of top of section:

UNIT

THICKNESS
IN FEET

1

25

3,030 feet.

DESCRIPTION

Pediment cap; moderately well sorted, cobble
conglomerate.

- - - - - - - - - -

Disconformity

- - - - - - - - - - - - - - - - - -

(Units 2 through 13 measured on downthrown side of normal fault)
2

7

Dark purplish brown, very thin bedded silty clay.

3

1.5

White, weakly indurated, clean, vitric tuff;
possibly correlative with camel track tuff marker
unit.

4

10

Alternating very thin beds of green clay, cal
careous silt and clay, and brown silt.

5

6

Brown, thin-bedded clayey silt.

6

1

Tan, cross-bedded, indurated, calcareous, fine
to medium-grained sandstone.

7

3

Alternating very thin beds of brown silt and
green clay.
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Measured Section VIII, continued.

8

0.5

Cross-bedded, loose, medium-grained sand.

9

4

Brown sandy silt.

10

(12)

Poorly exposed; brown clayey silt (?).

11

1

Gray, calcareous, impure vitric tuff.

12

8

Green, laminated clay.

13

' 11

Brown, thin-bedded, clayey silt.

(Units 14 and lower measured on up thrown side of normal fault)
14

4

Thin beds of impure limestone above and below
green, laminated, calcareous clay; probably
correlative with unit 8 of Measured Section VI
at Red Knolls.

Unit 14 occurs on both sides of

fault.

Reddish-brown, mostly flat-bedded, thin-bedded,
gypsiferous, clayey silt; cross-bedded and darker
in color near top.

Tan, cross-bedded, indurated, calcareous very
fine-grained sandstone.

Alternating thin beds of calcareous siltstone,
calcareous fine-grained sandstone, and light
orange-brown clayey silt; mostly flat-bedded, some
cross-bedding.
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Measured Section VIII, continued.

18

30

Light orange-brown, flat-bedded, thin-bedded,
clayey silt.

19

20

1.5

(38)

Green, calcareous silty clay.

Light orange-brown, flat-bedded, thin-bedded,
sandy and clayey silt with a few very thin, fine
grained sandstone layers; base not exposed.
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MEASURED SECTION IX

Location:

Lower Bear Springs Flat, 4.0 miles west-southwest of Pima,

NE 1/4 sec. 33, T. 6 S . , R. 24 E.
Approximate elevation of top of section:

UNIT

THICKNESS
IN FEET

1

30+

3,050 feet.

DESCRIPTION

Pediment cap; moderately well sorted, cobble
conglomerate.
Disconformity

2

35

- - - - - - - - - - - - - - - - - -

Orangish-brown, flat-bedded, nearly structureless
silt; contains several lenses of thin, fine-grained
sandstone with calcareous or iron oxide cement.

3

2

4

10

5

2

Greenish-gray, weakly calcareous, clay.

6

8

Tan, sandy silt.

3

Greenish gray, laminated, strongly calcareous

7

Grayish-green, laminated, calcareous clay.

Tan, sandy silt.

clay with thin marly ledge-formers at top .and base.

8

21

Pale orange-brown, flat-bedded, thin-bedded,
clayey silt; calcareous and indurated at top.

9

7

Dark brown, flat-bedded, thin-bedded clayey silt.
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Measured Section IX, continued.

10

3

Tan, thin-bedded, cross-bedded, indurated, sand
stone containing small pebbles.

11

13

Reddish-brown, cross-bedded (large scale), sandy,
micaceous silt.

12

13

1 '

28

Green, laminated clay.

Pale reddish-brown, flat-bedded, sandy, clayey
silt.

14

5

Interbedded green, calcareous clay, and tan silt.

15

8

Pale brown, flat-bedded, clayey, sandy silt;
contains at least one very thin, cross-bedded,
ferruginous sandstone lens.

16

1.5

White, weakly indurated, clean, vitric tuff.

Cover
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MEASURED SECTION X

Location:

Lower Bear Springs Flat, 5.4 miles west-southwest of Pima,

NW 1/4 sec. 32, T. 6 S., R. 24 E.
Approximate elevation of top of section:

UNIT

THICKNESS
IN FEET

1

20+

3,120.

DESCRIPTION

Pediment cap; moderately well sorted, cobble
conglomerate, well cemented at base, only.
Disconformity

2

15

- - - - - - - - - - - - - - - - -

Brown, flat-bedded, thin-bedded silt; contains
a few fossil fish remains.

3

2

Gray, cross-bedded, coarse-grained sandstone;
prominent ledge former.

4

16

Brown, flat-bedded to gently cross-bedded, sandy
silt; prominent, thin, yellow ochre zone at base

5

2

6

13

7

0.5

Green, laminated clay.

Brown, gently cross-bedded, sandy silt.

Brownish-gray, strongly calcareous, possibly
tuffaceous, fine-grained sandstone.
Disconformity

8

1

- - - - - - - - - - - - - - - - -

Green, laminated, calcareous clay.
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Measured Section X, continued.

9

12

10

1

11

11

12

1

13

18

14

1

Orange, flat-bedded, sandy silt.

Green, laminated, calcareous, silty clay.

Orange, flat-bedded, sandy silt.

Pale greenish-gray, calcareous clay..

Orange-brown, flat-bedded, clayey, sandy silt.

Bright yellow, strongly ocherous, gypsiferous
clay; fossil bone scrap and snails may be eroding
from upper boundary of this unit.

15

39

Reddish-brown to orangish-brown, flat-bedded,
clayey, sandy silt.

16

20

Interbedded, flat-bedded, green clay, brown sandy
clay, and sandy limestone; more sandy in upper
one-third; thin calcareous sandstone layer at
top; rare snails near base.

17

2

18

(4)

Impure, sandy, clayey limestone.

Tan, flat-bedded silt; base not exposed.
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MEASURED SECTION XI

Location:

Bear Springs Knoll (Bear Butte), 8.7 miles southwest of Pima,

SE 1/4 sec. 2, and NE 1/4 sec. 11, T. 7 S. , R. 23 E.
Approximate elevation of top of section:

UNIT

THICKNESS
IN FEET

1

40+

3,450 feet.

DESCRIPTION

Pediment cap; cobble to boulder conglomerate;
shows well developed bedding and wide range of
textures in individual beds; coarse-grained sand
lenses common.
Disconformity

2

10

- - - - - - - - - - - - - - - - - -

Alternating loose and cemented gray, medium-grained sand.

3

0.5

Light gray, well cemented, coarse-grained sand
stone.

4

21

Calcareous nodular zone; 10 to 15 layers of
sandy, cherty limestone nodules interbedded with
'
greenish-gray, laminated silty sand and sandy silt.

5

17

Alternating thin beds of reddish-brown ajid green
laminated, silty sand, fine-grained, calcareous
sandstone, micaceous clayey sand, and rare coarse
grained sandstone.

207
Measured Section XI, continued.

6

25

Interbedded thin-bedded to massive, rarely crossbedded , medium to coarse-grained, micaceous and
chloritic, loose sand; 3-inch to 8-inch-thick,
very calcareous sandstone beds interspersed through
unit.

7

22

Interbedded, thin-bedded to laminated, green silt
and clay, green to gray, fine and very fine
grained sand; few thin beds of calcareous cemented
fine-grained sandstone, sandy limestone, and
sandstone concretions; all units micaceous and
chloritic.

8

8

Discontinuous, thin limestone beds, interbedded
with thin, gray, micaceous silt and sand; ledge
former.

9

5

Gray, cross-bedded, coarse sand, granules, and
pebbles; tan silt layer at top; yellow-green,
magnetiferous sand at base.

10

3

Brownish-gray, flat-bedded clayey silt. ,

11

0.5

Light gray, calcareous, silty, altered vitric
tuff.
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Measured Section XI, continued.

Greenish-gray, flat-bedded, very fine-grained,
silty sand; contains numerous limy concretions.

0range-brown, flat-bedded, sandy silt; contains
a few zones of ironstone concretions; 6-inch-thick
zone of rubble-producing, iron or manganese oxide
plates occurs 3 feet above base of unit.

Greenish-gray, laminated, very fine-grained sand
with a few ironstone concretions.

Tan to orange-brown, thin-bedded, very fine
grained, micaceous sand, with rubbly ironstone
concretionary zones at top and base of unit.

Green, laminated, silty, micaceous, fine-grained
sand alternating with moderately thick beds of
similar material cemented by calcite and contain
ing ferruginous sandstone concretions.

Tan, micaceous, gypsiferous, sandy silt, with
moderately abundant ironstone concretions; zones
of calcareous nodules and streaks of green color
ation rare.
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Measured Section XI, continued.

18

9

Green to greenish-gray, laminated, sandy, silty,
micaceous clay; more sandy at top; scattered
irons tone concretions.

19

20

0.5

(4)

Orangish-pink, highly altered tuff.

Green, laminated, loose, silty sand; base not
exposed.
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MEASURED SECTION XII

Location:

Camel Track locality, 10.7 miles west-southwest of Pima,

SW 1/4 sec. 4, T. 7 S., R. 23 E.
Approximate elevation of top of section:

UNIT

THICKNESS
IN FEET

1

50+

3,650 feet.

DESCRIPTION

Pediment cap; very poorly sorted, mainly cobble
and boulder conglomerate.
Disconformity

- - - - - - - - - - - - - - - - -

2

4

Yellow, laminated clay.

3

6

Bright green, loose, very coarse-grained sand.

4

58

Orange-brown at base to tan at top, flat-bedded
clayey silt, silt, and clay, with a few, thin,
discontinuous sandstone stringers.

5

4

Nodular, sandy limestone; grades downward into
unit 6, below.

6

22

Bright green, flat-bedded, slightly calcareous,
soft, fine-grained sandstone; thin streak of
yellow coloration in middle.

7

33

Light orange-brown, flat-bedded, slightly cal
careous, silt and silty clay.
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Measured Section XII, continued.

8

12

Tan, flat-bedded, thin-bedded silty clay with
stringers of calcareous fine-grained sandstone
and calcareous nodules; ledge former.

9

4

Green, structureless, poorly sorted, dirty, loose,
coarse-grained sand.

10

2

Light gray, very thin-bedded sandy limestone
and calcareous sandstone.

11

2

Pale orange-brown, micaceous, fine-grained sand.

a .

tH

Discontinuous, highly altered, tuff; chalky in
appearance.

1
1
1
1
1
1
1
1
13

27

Minor disconformity

- - - - - - - - - - - - - - -

Pale orange-brown, flat-bedded to gently crossbedded, silt and clay; contains a few thin green
clay stringers and zones of calcareous nodules.

14

6

Green, flat-bedded, thin-bedded, silty, calcareous
clay with numerous zones of calcareous nodules;
sandy near top; prominent ledge former in area.

15

2

16

10

Pale green, loose, quartz-biotite sand.

Light brown to greenish gray, very silty, medium
grained sand; contains numerous very thin, iron
oxide cemented sandstone stringers.
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Measured Section XII, continued.

17

39

Green, thick-bedded, loose, dirty, medium-grained
sand; contains numerous rock fragments in size
range of granules to small pebbles; micaceous.

18

17

Greenish-gray, thin-bedded, calcareous, silty
clay with numerous zones of calcareous nodules;
thin, platy, silty limestones occur in upper
3 feet.

19

3

Resistant, white to light gray, laminated to
very thin-bedded, possibly tuffaceous, silty,
sandy limestone and calcareous sandstone; ledge
former.

20

3

Interbedded, thin layers of limy sandstone,
sandy limestone, silty clay with calcareous
nodules, and loose, dirty, coarse-grained sand;
scraps of fossil bone on surface.

21

1

Green, laminated clay.

22

1

Light gray, very sandy limestone; hard.

23

1

Pinkish-gray, laminated, calcareous clay.
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Measured Section XII, continued.

24

6

Tan, thin-bedded, silty, medium-grained loose
sand and calcareous sandstone; some beds show
short, gentle cross-bedding; fossil bone scrap
on surface.

25

3.5

Interbedded tuffaceous silt, clay and coarse
grained sand; tan at top, greenish-gray at base.

26

27

1

3 to 10

Green, tuffaceous, fine-grained sandstone.

Bluish-white, clean, water-laid tuff; composed
of large, unaltered shards, mostly platy; con
tains very small percentage of fresh biotite;
cementing agent unknown; camel track tuff marker
unit.

28

26

•Brown to purplish-gray, flat-bedded, rarely
cross-bedded, poorly sorted, dirty, coarse
grained sand and calcareous sandstone; contains
several thin nodular limestone beds, more abun
dant near top of unit; contains some cross-bedded
pebble conglomerate lenses; fossil bone scrap,
including carnivore jaw, recovered from this unit.
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Measured Section XII, continued.

29

9

White, thin-bedded, flaggy, silty, sandy lime
stone containing numerous pits and vugs; some
layers consist of recemented limestone spalls,
some layers contain numerous calcareous concre
tions in marly matrix; some bedding planes show
numerous tracks of large animals, mainly camels.

30

10

Interbedded thin layers of nodular limestone,
calcareous siltstone, marl, and fine-grained
sandstone; some layers contain very thin granule
lenses; some ocherous zones and calcite veins
present; relatively pure, 1-foot-thick limestone
bed at base of exposure; upper part of unit
gradational with unit 29, above.

Cover.
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MEASURED SECTION XIII

Location:

Cluff Ranch, 6.0 miles south-southwest of Pima, NE 1/4

sec. 23, T. 7 S., R. 24 E.
Approximate elevation of top of section:

UNIT

THICKNESS
IN FEET

1

20+

3,400 feet.

DESCRIPTION

Pediment cap; cobble to boulder conglomerate,
cemented at base.
Disconformity

2

10

- - - - - - - - - - - - - - - - - -

Gray, flat-bedded to cross-bedded, loose, coarse
grained sand with a few thin stringers of calcareous
sandstone.

3

3.5 j

• Yellowish-green, poorly sorted, coarse-grained
sand containing a few calcareous pebbles.

4

22

. Interbedded layers and lenses of coarse-grained
sand, pebble gravel, and sandy silt; contains a
few thin stringers of calcareous sandstone, most
of unit is uncemented.

Several teeth of large

camel, probably Gigantcamelus, recovered from
base of unit in yellow zone.
Disconformity
5

0.5

- - - - - - - - - - - - - - - - - -

Discontinuous, yellowish-white, impure, slightly
altered, vitric tuff; chalky in appearance.
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Measured Section XIII, continued.

6

27

Mainly greenish to orangish-gray, moderately thickbedded, commonly cross-bedded, fine-grained sandstone, containing thin-bedded, flat-bedded layers
of silt, sandy silt, and calcareous sandstone;
top is uncemented; thin, silty, cherty limestone
occurs about 3 feet above base.

7

3

Interbedded very thin layers of green, calcareous,
poorly sorted, pebbly sandstone, brown, laminated
clay, green, laminated clay, and green, clayey
sand.

8

1

Gray, clean, loose, very coarse-grained sand with
small pebbles.

9

14

Pinkish-brown, gently cross-bedded, sandy siltstone; grades upward to fine-grained sandstone in
upper 4 feet.

Fossil jaw of horse, identified

as Plesippus, recovered from near middle of this
Uilit.

10

10

Green, generally flat-bedded, coarse-grained, dirty
sand containing several cross-bedded gravel lenses.

11

1

Brownish-gray, calcareous, well indurated, fine
grained sandstone.
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12

13

Green, generally flat-bedded, slightly calcareous,
dirty, fine-grained sand; thin, cross-bedded
pebble gravel lens near center of unit; lower
6 feet of unit is gently cross-bedded.

Brick-red, laminated clay.

13

14

2.5

Grayish-green, loose, fine-grained sand containing
a few scattered granular rock fragments.

3.5

Interbedded very thin layers of green, fine-grained
sand and green clay.

1.5

Pale greenish-brown (olive), poorly sorted, cal
careous, coarse-grained sandstone.

Interbedded moderately thick layers of light gray,
greenish-gray, and grayish-tan, fine-grained sand,
silty sand, and sandy silt; mostly uncemented,
but base has spherulitic calcareous, cemented

sandstone

about

2 feet

Minor disconformity
18

3

19

16

thick.

- - - - - - - - - - - - - - -

Yellowish-brown, silty, fine-grained sand.

Interbedded moderately thick layers of green,
greenish-gray, and reddish-brown, cross-bedded,
poorly sorted, loose to weakly cemented, medium
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19 (continued)

to coarse-grained sand containing scattered
pebbles.

Crossbedded, fine-grained sandstone

at base has spherulitic calcareous cement.

20

1

Light-gray, nodular, hard, sandy limestone;
upper surface is irregular.

21

(18)

Interbedded thin layers of brown sand, brown
silt, and green silty sand with rare thin brown,
laminated clay beds and lenses of pebbles.

Top

of unit is calcareous and pebbly; base of unit
is not exposed.

Base of section at about same

level as nearby white, moderately hard, clean
vitric tuff which probably is correlative with
camel track tuff marker bed.

Cover.
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MEASURED SECTION XIV

Location:

Upper Bryce Wash, 5.5 miles north of Pima, NE 1/4 sec. 29,

T. 5 S. , R. 24 E.
Approximate elevation of top of section:

UNIT

THICKNESS
IN FEET

1

30+

3,440 feet.

DESCRIPTION

Pediment cap; basaltic cobble to boulder conglom
erate; unit thickens towards Gila Mountains.
Disconformity

• \
2

30+

- - - - - - - - - - - - - - - - -

Light orange-brown to pale tan silt, with numer
ous very thin calcareous sandstone and platy,
silty limestone stringers.

3

4

1.5

30

Pale tan, silty, altered, vitric tuff.

Pale orange-brown, mostly flat-bedded, sandy
silt, with fine-grained sand and silty limestone
stringers.

5

3

Light gray, vuggy, sandy, silty, possibly tuffaceous limestone.

6

55

Tan to pale orange-brown, mostly flat-bedded,
sandy silt, with numerous, very thin layers of
fine-grained, calcareous sandstone, and silty
limestone; limestone nodules and sandstone
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6 (continued)

concretions are common; unit is most calcareous
in lower one-third.

7

6

White, very clean, vitric tuff, 3 feet thick,
overlying two slightly silty tuff beds; tuffs
separated by thin, red and green clay, and tan
silt and sand.

Unit is same as unit 3 of Measured

Section VII; correlated with camel track tuff

o

00

marker bed.

Light brownish-orange, sandy silt; base not
exposed
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MEASURED SECTION XV

Location:

Mud Springs, 6.6 miles south of Pima, NE 1/4 sec. 25,

T. 7 S. , R. 24 E.
Approximate elevation of top of section:

UNIT

THICKNESS
IN FEET

1

10+

3,470 feet.

DESCRIPTION

Pediment cap; very poorly sorted pebble to
boulder conglomerate; eroded.

- -- --

Disconformity

- - - - - - - - - - - - - - - - -

2

25

Light reddish-brown, cross-bedded, silty sand.

3

42

Yellow-ochre, green, and greenish gray, flatbedded to cross-bedded, coarse-grained sand and
pebble gravel, with several thin interbeds of
purplish-gray sandy silt and sandy clay.

4

52

Tan, flat-bedded sandy silt, medium-grained,
slightly calcareous, silty sand, and cross-bedded
lenses of calcareous sandstone and pebble con
glomerate; calcareous concretions moderately
abundant.

5

1

White, silty, cherty, possibly tuffaceous lime
stone; upper surface may be eroded; unit not
continuous.
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Measured Section XV, continued.

6

(15)

Brown, flat-bedded silt and clayey silt with very
numerous calcareous sandstone and pebble conglomer
ate lenses, and zones of irregular, discontinuous
concretionary calcification.

A few sand-calcite

crystals occur in medium-grained sand bed about
10 feet below top of unit.

Fossil bone scrap

moderately abundant in calcareous concretionary
layers; identifiable bones include moderate
sized horse phalanx, vertebra from large mammal,
and long limb bone from small rodent; lower part
■of exposed unit appears to be most fossiliferous.
Base of unit not exposed.
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MEASURED SECTION XVI

Location:

Allen Reservoir, 2.3 miles southwest of Thatcher, NW 1/4

sec. 16, T. 7 S . , R. 25 E.
Approximate elevation of top of section:

UNIT

THICKNESS
IN FEET

1

10+

3,125 feet.

DESCRIPTION

Pediment cap; cobble and pebble conglomerate;
eroded.
Disconformity

2

30

3

8

- - - - - - - - - - - - - - - - - -

Red, thin-bedded, slightly gypsiferous, silty clay.

Green, laminated, gypsiferous, silty clay; con
tains several hard calcareous zones.

4

3

Red, laminated to thin-bedded, gypsiferous, silty
clay.

5

3

Green, laminated to thin-bedded, gypsiferous,
clay; contains a few thin calcareous zones and
at least one thin clayey limestone bed.

6

(18)

Red, laminated to thin-bedded, gypsiferous, silty
clay; contains a persistent, but very thin, impure
limestone lens about 3 feet below top of unit;
base of unit not exposed.
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MEASURED SECTION XVII

Location:

Thorpe tank, 4.0 miles south-southwest of Thatcher, NE 1/4

sec. 28, T. 7 S., R. 25 E.
Approximate elevation of top" of section:

THICKNESS
IN FEET

DESCRIPTION

Pediment cap; poorly sorted, mostly boulder

,

H

UNIT

3,365 feet.

1

1
1

;

conglomerate; boulders up to 3 feet in diameter

2

15

present; almost no sand present.
-

Disconformity

- - - - - - - - - - - - - - - - - -

Dark reddish-brown (chocolate), thin-bedded to
massive, silty clay.

3

5

Pale purplish-gray, cross-bedded, poorly cemented,
poorly sorted, coarse-grained sandstone; contains
a fee pebbles.

4

8

Dark reddish-brown (chocolate), thin-bedded clay;
contains some silt.

5

10

Purplish-gray, medium bedded, cross-bedded, coarse
grained sandstone; contains a few layers of pebbles;
cross-beds in sets 1 to 3 feet thick.

Unit con

tains fragmental fossil limb bones, probably
equid.
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6

3

White, laminated and thin-bedded, nearly pure,
vitric tuff; swirl-type bedding structure common
and appears to be related in part to growth of
gypsum.

Unit correlated with camel track tuff

marker bed.

7

8

Reddish-brown, laminated to thin-bedded, gyp
siferous siltstone; gypsum most common in veins
which cut bedding surfaces; possible erosion
surfaces at top and bottom of unit.

8

3

Dark green, laminated, limonitic and hematitic,
gypsiferous clay; erosion surface at base of
unit.

9

2

Olive green, thin-bedded, gently cross-bedded,
limonitic, semi-indurated, very fine-grained sand
stone; erosion surface at base of unit.

10

60

Yellowish-green, laminated, very gypsiferous
clay; gypsum occurs in very thin beds or stringers,
and in veins cutting bedding surfaces, mostly
satinspar, some large selenite crystals.

11

8

Pale green, thin-bedded, clayey, loose, fine
grained sand; contains a very thin clayey lime
stone bed at top of unit.
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12

4

Bright ocherous-yellow, laminated, very gypsiferous
clay.

13

7

Dark reddish-brown, thin-bedded, gypsiferous,
clay.

14

20

Green, laminated, gypsiferous, slightly limonitic
clay.

15

(1)

Light gray, oolitic, ripple marked, very dense,
sandy limestone; possibly mudcracked.

One very

good example of a footprint about the size of,
and resembling, that of a large deer was recovered
from this unit.

Base of unit not exposed.

227
MEASURED SECTION XVIII

Location:

Riggs Mesa, 5.3 miles southwest of Safford, NW 1/4 sec. 34,

T. 7 S. , R. 25 E.
Approximate elevation of top of section:

UNIT

1

-THICKNESS
IN FEET

25+

3,550 feet.

DESCRIPTION

Pediment cap; mostly boulder conglomerate,
boulders larger than 3 feet in diameter near
base, smaller boulders and large cobbles in
upper part.
Disconformity

2

45

- - - - - - - - - - - - - - - - - -

Pale purplish-gray, flat-bedded to cross-bedded,
mainly coarse-grained sand; more cross bedded and
coarser grained near base and in zone 30 feet
above base, coarse-grained zones also more cal
careous and better indurated; unit generally
becomes siltier and finer grained toward top.

3

33

Pale purplish-gray, flat-bedded to extremely small
scale cross-bedded, thin-bedded, fine-grained,
silty sand, somewhat coarser near top.

4

3

Green, laminated, silty, sandy clay.
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5

40

Pale purplish-gray, mostly flat-bedded, sandy
siltstone; contains numerous very fine-grained
calcareous sandstone layers.

6

8

Pale purplish-gray, steeply cross-bedded, poorly
sorted, well to poorly cemented, medium-grained,
calcareous sandstone,

- - - - - - 7

8

- -

Disconformity - - - - - - - - - - - - - - - - Alternating flat-bedded, thin-bedded red-brown
clay and gray silt.

8

7

Pale purplish-gray, massive, well cemented,
calcareous sandstone; cliff-former.

9

5

Green, cross-bedded, chloritic, coarse-grained
sandstone with nodular cementation.

10

0.5

Gray, cross-bedded, well indurated, medium to
coarse-grained sandstone.

11

12

Purplish-gray, mostly flat-bedded silt and sandy
silt; contains some green silt beds and coarse
grained sand stringers.

12

1

Light purplish-gray, massive to cross-bedded, well
indurated, arkosic, very coarse-grained and granulitic sandstone.
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- - - - - - - - - -

Disconformity

13

Maroon, flat-bedded, thin-bedded clayey silt and

12

- - - - - - - - - - - - - - - - -

silty clay.

14

6

Green, laminated clay.

15

3

Yellow, laminated clay, with very thin stringers
of fine-grained sand.

16

4

Green, laminated clay, with very thin stringers
of fine-grained sand.

17

4

18

(55)

Yellow, laminated clay.

Green, laminated, calcareous clay; base of exposure
is more calcareous than upper part of unit; base of
unit is not exposed.
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MEASURED SECTION XIX

Location:

Shoo-fly Ranch, 4.7 miles south-southwest of Safford, SE 1/4

sec. 35, T. 7 S. , R. 25 E.
Approximate elevation of top of section:

UNIT

THICKNESS
IN FEET

3,370 feet.

DESCRIPTION

(Pediment cap absent, has been eroded from this locality)

1

5

Pale purplish gray, steeply cross-bedded to
flat bedded, well indurated, coarse-grained
sandstone; caps ridge.

2

15

Tan to pinkish-gray, thin-bedded, flat-bedded
to cross-bedded, silty sandstone.

3

22

Dark, reddish-brown, flat-bedded, thin-bedded,
clay; contains some intermixed, and some interbedded, sand and brown silt.

4

2—to-4

Pale purplish-gray, cross-bedded, poorly sorted,
well cemented, coarse to very coarse-grained
sandstone.

5

16

Alternating thin-bedded to laminated brown clay,
thin-bedded light-brown silt, and pale purplishbrown fine-grained sandstone; unit is coarsergrained near base.
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6

Gray, cross-bedded, lenticular, well cemented,

4

interbedded coarse-grained sandstone and pebble
and granule conglomerate; cliff-former; surface
easily stained by overlying unit.

7

Brown, laminated to thick-bedded, silty, sandy

10

clayi

8

17

Brown, calcareous, coarse-grained, silty sand
stone at base, grading upward to silty clay and
clay; spherulitic cement occurs in some sandstone
beds near base.

9

Light and dark-brown, laminated to thick-bedded,

9

blocky clay.

10

Gray and brown, cross-bedded, loose, medium

3

grained sand..

11

2

Light and dark-brown, thin-bedded, blocky clay.
-

12

13

0—to—2

2

Disconformity

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Lenticular, pebble conglomerate.

Light-gray, cross-bedded to flat, thin-bedded,
impure, slightly altered, vitric tuff; possibly
correlative with camel track tuff.
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14

6

Light yellowish-green, laminated clay; 1-inchthick, nearly pure, vitric tuff, 2 feet above
base; grades into unit below.

15

3

Gray, loose, fine-grained sand containing a few
calcareous nodules.

16

1.5

Light yellowish-green, laminated clay.

17

1

Bluish-white, very clean, vitric tuff; probably
correlates with camel track tuff marker bed.
Slight disconformity

18

19

1

0—to-8

- - - - - - - - - - - - - -

Green, medium and coarse-grained sand.

Gray, steeply cross-bedded, poorly sorted, fine
grained sandstone to pebble conglomerate.
Disconformity

20

(3)

- - - - - - - - - - - - - - - - -

Dark reddish-brown, lamina ted clay; upper surface
strongly eroded.

21

11

Alternating green, laminated clay, and green to
light-brown, thin-bedded, fine-grained sandstone;
predominantly clay.

22

2

Purplish-gray to tan, blocky, locally ripplemarked, fine to medium-grained sandstone.
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23

3

Bright yellowish-green, laminated, possibly
tuffaceous, silty clay; 3-inch-thick limonitic
zone in middle.

24

1.5

Ocherous-yellow, thin-bedded, friable, possibly
tuffaceous, very fine-grained sandstone.

25

(3)

Yellowish-green, laminated, possibly tuffaceous
clay; base not exposed.
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MEASURED SECTION XX

Location:

Watson Wash, 5 miles northwest of Safford, NE 1/4 sec. 23,

T. 6 S. , R. 25 E.
Approximate elevation of top of section:

UNIT

1

DESCRIPTION

THICKNESS
IN FEET

30+

2,980 feet.

Pediment cap; mostly cobble conglomerate, well
cemented at base.
Disconfomity

2

22

- -- --

--

--

--

--

--

--

-

Alternating thin beds of laminated green clay,
moderately thick beds of light brown silt and
light brown clay, interspersed with hard calcareous
silts tone stringers 1/2 to 2 inches thick.

3

4

0.5

14

Light gray, silty, probably tuffaceous limestone.

Light brown, flat-bedded, thin-bedded to laminated
clayey silt, grading to silty clay in upper 5 feet.

5

.4

Dark reddish-brown, laminated, silty clay.

6

4

Light brown, thin-bedded, clayey silt.

7

0.5

Light greenish-gray, very calcareous, tuffaceous,
silty clay; resistant.

Measured Section XX, continued.

8

3

Brown, flat-bedded to gently cross-bedded,
laminated, gypsiferous, salty, clayey silt.

9

2+

Reddish-brown, thin-bedded, blocky, silty clay;
base not exposed.

Cover.
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MEASURED SECTION XXI

Location:

Tidwell Wash, 1 mile south of Safford Airport, 4 miles east

of Safford, SE 1/4 sec. 12, T. 7 S . , R. 26 E.
Approximate elevation of top of section:

UNIT

THICKNESS
IN FEET

1

30+

DESCRIPTION

Pediment cap; cobble conglomerate, well cemented.
Disconformity

2

25

3,150 feet.

- - - - - - - - - - - - - - - - - -

Interbedded tan sandy silt, pale purplish-gray,
loose, fine to coarse-grained sand, some pebbles;
possible disconformity at base.

3

3±

Brown to gray, cross-bedded, discontinuous,
small-pebble conglomerate, well cemented.

4

16 .

Pale purplish-gray, thick bedded, cross-bedded,
fine to coarse-grained sand; contains pebbles,
calcareous concretions, and sand-calcite crystals
toward top.
Slight disconformity

5

13

- --

--

--

--

--

--

-

Light tan, silty sand and sandy silt; contains
at least two well cemented, calcareous sandstone
stringers 3 to 6 inches thick.

6

8

Pale purplish-gray, friable, slightly calcareous,
flat-bedded to cross-bedded, medium-grained
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6 (continued)

sandstone; contains several stringers of green
clay (reworked?) about 1 inch thick.
-

7

3

Disconformity

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Ocherous-yellow, gypsiferous, flat-bedded clay;
laminated at base, very thin bedded at top.

8

2

Ocherous-yellow, moderately thin-bedded, gyp
siferous , fine-grained sand.

9

1

10

19

Green, laminated clay.

Interlaminated green clay; yellow, fine to coarse
grained sand; white, possibly bentonitic clay;
and tuffaceous silt.

11

40+

Green, laminated, gypsiferous clay; limonitic
near top, and slightly calcareous in lower 10
feet; base not exposed.

Cover.
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MEASURED SECTION XXII

Location:

Graham Cemetery, 3 miles northwest of Safford, SE 1/4

sec. 25, T. 6 S. , R. 25 E.
Approximate elevation of top of section:

UNIT•

1

THICKNESS
IN FEET

20+

3,015 feet.

DESCRIPTION

Pediment cap; cobble conglomerate, well cemented.
- - - - - - - - - - - - - - - - -

8

Green, laminated clay.

3

0.5

Pale pinkish-gray, altered tuff.

4

7

Green, laminated clay.

5

0.5

White, oolitic, slightly sandy, limestone.

Brown, micro-cross-bedded, very sandy silt.

1
1
1
1
1
1
I
1
1
1

o>

2

w

Disconformity

Slight disconformity

- - - - - - - - - - - - - -

7

2

Green, laminated clay.

00

&

Brown, flat-bedded to cross-bedded silty clay;
base not exposed.

i
Cover.

239
MEASURED SECTION XXIII

Location:

Mouth of Sanchez Gorge, 2 1/2 miles east-southeast of

Sanchez, from NW 1/4 sec. 5, T. 7 S., R. 28 E. to SE 1/4 sec. 32,
T. 6 S. , R. 26 E.
Approximate elevation of top of section:

3,450 feet.

(All thicknesses derived from elevations taken by aneroid altimeter
and visual estimates.)
UNIT

THICKNESS
IN FEET

1'

35+

DESCRIPTION

Pediment cap; basaltic boulder conglomerate.
Disconformity

- - - - - - - - - - - - - - -

2

10

Pale orange, sandy silt.

3

15

Discontinuous, basaltic boulder conglomerate,
well cemented.

4

160

5

15

Pale orange, massive, slightly sandy silt.

Discontinuous basaltic boulder conglomerate,
weakly cemented, locally well cemented.

6

30

Pale orange, massive, slightly sandy silt.

7

10

Discontinuous basaltic boulder conglomerate,
weakly cemented.

8

90

Predominantly pale-orange, slightly sandy silt;
contains numerous lenses of basaltic gravel and sand.
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