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LATE CENOZOIC GEOLOGY OF THE LCWER SAFFORD BASIN ON THE SAN 
. CARLOS INDIAN RESERVATION, ARIZONA

by

James I. Marlowe

ABSTRACT

Terrestrial sediments of late Cenozoic age occur in the bedrock 

trough of the lower Safford Valley to an unknown depth. These sediments 

are largely fluvio-lacustrine in origin and have been deposited by the 

ancestral Gila River, its tributaries, and bodies of water isolated from 

the main drainage. They are composed of silt, sand, and clay for the 

most part, but locally limestone comprises the predominant nonvolcanic 

lithology. A thick series of limestones and pyroclastic sediments is 
preserved beneath lava flows at the northwest end of the valley. Else
where, erosion has removed beds equivalent to these limestones and tuffs 

and only a lower part of the sedimentary section is preserved. Volcanic 
vents and breccias are closely associated with the thick limestone 

accumulation.
The age of the basin fill is considered to be Upper Pliocene to 

late Kansan. Lower beds are equivalent to those near Safford, Arizona, 
which have been dated on fossil evidence as Kansan. The upper part of 
the section is probably considerably younger than the Safford beds.
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Deposition of the basin fill took place on a wide fluvial plain 

of low gradient, in an environment somewhat more moist than prevails 

today. Sluggish drainage allowed the formation of ponds and lakes of 

varying duration. Streamflow from the adjacent mountains locally de

posited gravel in alluvial fans which interfinger with the fine-grained 

basin fill. Volcanic activity at the west end of the valley caused 

disruption of drainage by ash falls and lava flows, allowing the accumu

lation of chemical limestone in isolated basins. . Due to aggradation 

and damming by lava flows, the Gila River reoccupied its ancient 

channel through the Mescal Mountains and proceeded to cut its present 

gorge, ending deposition in the basin.and initiating erosion. Subsequent 

climatic change caused bevelling of the basin-fill beds by erosion 
surfaces, an older one of which is now preserved beneath lava flows.
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INTRODUCTION

The Cenozoic basins within the Basin and Range province of the 

southwestern United States have long occupied an indefinite position 

within the overall framework of the region. Although the physiography 

of these basins has received considerable attention, there has been 

but little work done on the sedimentary rocks which fill them since 

the first descriptions by the early western exploration parties. Indeed, 

the tendency has been to include all the sediments contained within a 

basin in an Mundifferentiated Tertiary alluvium" category, and to 

devote only superficial attention to their description. Notable 

exceptions to this practice are U. S. Geological Survey Water-Supply 
Papers dealing with specific basins.

Examination of many of the through-drained intermontane basins 
of the region indicates that the basin-fill sediments are not as simple 
as has been indicated in some reports, and they often reflect a complex 
history of interrelated processes within the area of deposition. With 
this idea in mind a study of a well-exposed typical arid basin was under
taken at the University of Arizona. This study is part of an inter
disciplinary research project on the "Utilization of Arid Lands," 
supported by the Rockefeller Foundation. As the future use of arid lands 
will, in large part, depend upon available water, a better knowledge of 
the hydrologic characteristics of such areas is of prime importance. The 
Department of Geology at the University, in conjunction with the Ground 
Water Branch of the U. S. Geological Survey, therefore is studying 
intensively the geology of the Safford-San Simon Valleys, in an effort
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to bring forth information which has hitherto been neglected or over

looked.

It was the purpose of the work described in this thesis to ex

amine in some detail the Cenozoic deposits of the lower part of the 

Safford Valley, and to present information bearing on their nature, 

origin, and significance. Because of the lack of previous work and the 

nature of the problem, it was not expected that precise, positive 

results would be produced. This proved to be a correct presumption.

Much of the information contained herein is presented for the sake of 

record; it is such recorded data that provide a basis for future work. 

Much of it is subject to interpretation, and doubtless many of the 

author's conclusions are subject to correction. It is believed that the 

work accomplished two purposes: (l) it outlines the stratigraphy and

structure of the area and offers an interpretation of this evidence;
(2) ,it presents a framework for more detailed work in all or in parts 
of the area.

Methods of Study
Normal stratigraphic procedure was not readily applicable to 

the sediments of the study area and it was necessary to do a great 
amount of preliminary reconnaissance before a plan of attack could be 
organized. Unavoidably, many of the data contained in this study were 
gathered before a clear idea of how to utilize them was formed.

Readily recognizable, mappable units are rare and a considerable 
time was spent in determining general relationships among the deposits 
of the valley fill. When a certain familiarity through repeated 
examination was achieved, a tentative stratigraphic column was drawn.
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up as a working reference. From this stage the work progressed as 

in any stratigraphic problem. Repeated reconnaissance, then, is a 

valuable preliminary step where normal stratigraphic correlation 

cannot readily be applied.
As a large-scale map of the area was not available, a working 

map was drafted from aerial photographs, having a scale of slightly 

more than an inch to the mile. . Preliminary findings were plotted on 

this map and later transferred to a more accurate drafting from an 

enlarged small-scale map. ■

Stratigraphic sections were measured, first randomly, for 

familiarization purposes, and later selectively, to provide complete 

coverage. A number of sections measured during the first field 

season were later discarded as having little informational value.

Laboratory analyses were made on samples from the measured 

sections for a number of properties. The data derived from these 
analyses provided criteria for comparison between correlated sections 
and for the reconstruction of the environment of deposition.

In summary, the method of study can be divided into three 

stages, which do not necessarily succeed one another: (l) reconnaissance
and familiarization, which involves the carrying of much information, 
and the constant revision of this information, in one’s mindj (2) the 
establishment of a tentative scheme or framework, based on ideas gained 

from field reconnaissancej ana (3 ) efforts to prove or disprove the 

tentative scheme through various analytical techniques or through 
detailed field work.
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Field work on this problem was carried out during the summers 

of 1958, 1959, and I960, and during the winter and spring of 1958-59. 

Most of the laboratory analyses were accomplished in the 1959-60 

school year.
i '

Description of Area

The area of this study lies in the lower Safford Valley, from ; 

the vicinity of Fort Thomas, to Coolidge Dam, and northward up the 

San Carlos River to the town of San Carlos. It is about forty miles 

in length along the Gila River, and covers about 350 square miles.

Most of the area lies within the San Carlos Indian Reservation. The 

greater part of the area is in Graham County, although a small portion 

of the western end lies in Pinal and Gila Counties (Fig. 1).

The Safford Valley trends southeast-northwest over most of its ' 

extent, having a more westerly trend in the area under consideration.

It is bordered on the north and south by mountain ranges which parallel 

its trend. The Gila Mountains on the north rise to elevations of more
than 5,000 feet. The Mescal and Turnbull Mountains on the south have
j ■ 1
peaks of 6,000 and 7,000 feet elevation, respectively. Fine-grained

sediments of variable consolidation occupy the valley between the 

mountain fronts out over this basin fill toward the valley axis. The 
Gila River runs westward along the axis of the valley and drains the 
slopes on both sides by tributary washes. The San Carlos River is the 
Gila's main tributary and it flows southward to join the Gila near 
Coolidge Dam. Several stages of dissection have produced topography 
varying from nearly smooth pediment surface to badlands.
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Elevations along the Gila range from 2700 feet above sea level near 

Fort Thomas to 2300 feet two miles below Goolidge Dam.

In the vicinity of San Carlos, lava flows have produced an 

extensive basalt-capped mesa. Several smaller lava-capped mesas occur 

north of the San Carlos Reservoir forming prominent hills in that 

highly dissected area. Only remnants of the sloping pediment surface 

are visible there. Temperatures in the lower parts of the basin 

range from 30 to 60 degrees during the winter. During the summer, 

maximum daily temperatures of 105 degrees or higher are common (Wothke 

and Yarbrough, 1953).

Precipitation during the winter and early spring is chiefly in 
the form of gentle rainfall, often over extended periods, although a 

foot of snow fell in the area in November of 1958. Rainfall during the 

summer is of the cloudburst type, generally covering small areas, and 

giving rise to violent flooding of the dry stream beds in the valleys. 
The Gila River, which normally has less than a foot of water, was seen 
to carry tree trunks over four feet in diameter and twenty feet long in 

August of 1959. Records of the Safford Experimental Farm show an 
average annual precipitation of 7.2 inches 1948 - 1956 (in Smith, H. V. , 

1956).
The greater part of the area lies in the Lower Sonoran life 

zone, and exhibits the characteristic plant and animal assemblages. 
Mesquite, creosote bush, salt bush, acacia, crucifixion thorn, and 
similar plants make up most of the tree and shrub cover of the basin. 
Yucca, agave, ocotillo, cholla, prickly pear, barrel cactus, and saguaro 
grow on the lower slopes of the basin fill. Along the inner valley of
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the Gila River grow thick, nearly impenetrable stands of salt cedar 

trees. A few sycamores are found in the larger washes.

The principal population centers in the area are Fort Thomas, 

Bylas, and San Carlos, the latter two being Indian settlements. There 

are small Indian settlements at Calva and at several other scattered 

localities near San Carlos. Numerous farm buildings are scattered along 
the Gila near Geronimo.

The town of San Carlos is the seat of government of the San 

Carlos Apache Tribe and headquarters of the U. S. Bureau of Indian 

Affairs.

Federal highway 70 traverses the length of the area and connects 

the cities of Globe and Safford. An unmaintained alternate paved road 

passes south of San Carlos Reservoir and crosses Cooledge Dam. Numerous 

unpaved roads and tracks lead off these two main roads into the sur

rounding country. Only the more well defined ones are shown on the 
map (PI. 1).

The largest cultural feature in the area is San Carlos Reservoir. 
Coolidge Dam, built across a narrow gorge where the Gila passes through 
the Mescal Mountains, impounds the river water in a broad lake. There 

has been considerable fluctuation of water level in the reservoir, as 
is evidenced by the shorelines stranded high above the present level.

A branchline of the Southern Pacific Railroad, connecting Globe 
with the main line at Bowie, parallels the San Carlos River and the
Gila eastward.
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Previous Work

G. K. Gilbert, in 1873, traversed Bonita Creek, at the east 

end of the Safford Valley, and the Gila Mountains, and described the 

sediments of the "Pueblo Viejo Desert" (Safford and San Simon Valleys) 

as being laterally continuous with the Gila conglomerate, a unit which 

he had traced down the Gila from New Mexico (Gilbert, 1875). The name 

"Gila conglomerate" was subsequently applied not only to the non- 

conglomeratic rocks of the Safford Valley but also to the sediments in 

other valleys which have no apparent connection with the original Gila 

conglomerate. The name and its usage have become entrenched in the 

southwestern geological literature. (Heindl, 1958).

A. T, Schwennesen (1921) mapped portions of the Gila and San 

Carlos Valleys during his investigation of water resources in that part 

of the Indian Reservation. He ascribed the origin of the fine—grained 
basin fill to lacustrine deposition, and noted the existence of structural 
deformation around the confluence of the San Carlos and Gila Rivers.

Lausen (1927) described the peridot-rich basalt of Peridot Mesa, 
near San Carlos, and its associated geology.

M. M. Knechtel (1938), in reporting on the geology and water 

resources of the upper Safford Valley, dated the basin fill on fossil 
evidence as late Pliocene. He also described a diatomite deposit near 
Fort Thomas (p. 200), which is mentioned in the present report.

A reconnaissance examination of the mineral resources of the 
San Carlos Indian Reservation was published by Bromfield and Stride 
(1956). A geologic map showing the relationship of the San Carlos



basalts with those of the plateaus of the north was included in their 

report.

Van Horn (1957) concluded, on the basis of fossil evidence, that 

the basin fill in the east end of the Safford Valley spans the Plio- 

Pleistocene boundary and is in part as young as Kansan. He also found 

that the basin fill was equivalent only to the upper part of Gilbert's 

conglomerate at Bonita Creek, and that it lies unconformably on the 
lower conglomerate beds.

Lance (1958) stated that a recent fauna collected in the 111 

Ranch area southeast of Safford may be late Kansan or early Yarmouthian 

in age. Heindl (1958) described the relationship between fine-grained 

sediments of the basin fill and the Gila conglomerate of Gilbert, 

considered as equivalents by Knechtel (1938).

William Mathias (1959) studied a pyroclastic unit in the area 
of this report to determine areal petrologic variation, and Donald W. Clay 
(i960) analyzed the Cenozoic stratigraphy of the Dry Mountain area, 
southeast of Safford.

A number of papers by Arid Lands Project workers recently has 
been published on the work in progress in the Safford Valley (Arizona 

Geol. Soc. Digest, 1960, v.3> p. 111-159). Preliminary papers on this 
dissertation (Marlowe, 1960a and 1960b) were included in that report.
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GEOLOGIC SETTING

Fine-grained terrestrial sediments have filled the trough of 

the Safford Basin to an unknown depth. Deep well information in the 

San Carlos area is lacking; at the east end of the valley, however, 

similar sediments extend to a depth of 1,800 feet below the surface 

of the central part of the valley (Van Horn, 1957). A small bedrock 

inselberg crops out west of Peridot Mesa (Bromfield and Shride, 1956,

PI. 52). A hill composed of older Tertiary volcanic rock protrudes 

through the limestone and silt south of U. S. 70 on the west side of 

Triplets Wash. In most of the area, the relation of basin fill to 

bedrock at depth can only be inferred at this time.

The basin fill is composed of fine sand, silt, limestone, clay, 

and pyroelastics. A number of lava flows occur in the upper part of the 
basin fill near Triplets Mountain, east of San Carlos (PI. 3; pi. 6, 
fig. 1). Bedding is well defined, but units are laterally discontinuous. 
Sedimentary bodies are characteristically lens-shaped and only a few 
units are directly traceable over any large distance. Channeling is com
mon and usually follows present-day drainage lines.

The predominant color of the basin fill is pale brown to reddish 
brown, with local variations, and with a major change to shades of white 
in the area north of San Carlos Reservoir. The interlayering of basalt 
flows and dark pyroclastic units with white sediments in the vicinity 
gives rise to a characteristic appearance perhaps best exemplified by 
Layer Cake Mountain (PI. 8, fig. l), a small lava-topped mesa north of 
Highway 70 (Sec.6, T. 2 S., R. 20 E.). The reddish-brown beds can be
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seen in all other parts of the area, and are especially well exposed in 

road cuts along the Coolidge Dam road.

Schwennessen (1921) described a ‘'foothill belt" composed of 

coarse alluvial detritus which bordered the edges of the Gila and 

Turnbull ranges. He equated this unit to the Gila conglomerate of 

Gilbert at the head of the Safford Valley. He interpreted these 

coarser elastics as representing the earliest deposits of the Gila and 

San Carlos basins, and believed the finer basin fill to have been laid 

down on its eroded surface. Knechtel (1938), working east of the San 

Carlos area, interpreted the finer basin fill as equivalent to the 

coarser flanking alluvium, and correlated the entire valley fill to 

Gilbert's Gila conglomerate. Bromfield and Shride (1956) and Van Horn 

(1957) state that the marginal gravels and the inner fine-grained beds 
interfinger.

Observations in Black Rock Wash, south of Fort Thomas, and in 
an unnamed canyon north of Calva which can be seen by following an 
unpaved road north from its junction with Highway 70 in Sec. 10,
R. 21 E., T. 3 S., indicate that the fine-grained basin-fill sediments 
grade into gravels and conglomerates in these areas. Depositions! 
relationships along Black Rock Wash are not clear due to widely spaced 
exposures. When examining sediments along a stream bed with a steep 
gradient the question arises as to whether lithologic variations from 
outcrop to outcrop are due to lateral facies change or to a vertical 
rise in the sedimentary column. In many areas post-basin fill alluvial 
fans have spread over the fine sediments and it may often be the case, 
unless definite relationships can be shown in a single outcrop, that 

the gravel which appears to be laterally continuous with silt beds
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a quarter mile downstream are actually later and higher deposits.

Gravel beds crop out along the flank of the Mescal Mountains 

3 miles east of Coolidge Dam on the paved road. Silt and limestone 

beds are in close proximity to these gravel units. Although slumping 

of the gravel beds has caused an angular displacement, the two lith

ologies can be seen to interfinger. Stratigraphic Sections 6 and 14 

(PI. 2) demonstrate a gradational relationship farther to the east, 

where gravel laps onto the mountain structure (PI. 5, fig. 2).

In Box Canyon, east of Fort Thomas (Stratigraphic Section 3)> 

fine-grained basin-fill sediments are nearly in contact with the rocks 

of a large volcanic outlier of the Gila Mountains. Silt beds can be 

traced to within a few hundred feet of the first rhyolite outcrop, 

where they are covered by gravel deposits of the canyon floor,

A situation similar to that near Fort Thomas is described by 

Bromfield and Shride (1956, p. 626) in which, at Blue River, north of 
San Carlos, a thick limestone sequence is in contact with the older 
Tertiary rocks of the Natanes Plateau. Thick limestone beds lap onto 

the volcanic rocks of the Gila Mountains north of San Carlos Reservoir. 
This contact is well exposed in Salt Creek (PI. 5, fig. 1).

It therefore is probable that the fine basin fill is partially 
equivalent to and gradational into the marginal coarser alluvium, and 
that it is partially in contact with the bedrock which forms its con
taining trough.

Dips are gentle and toward the present axes of the San Carlos 
and Gila valleys. Dip readings are normally from lg to 2 degrees, ex
cept where beds are locally disturbed.



PLATE 5

Figure 1.

CONTACT RELATIONSHIPS OF THE BASIN FILL 
TO THE MOUNTAIN MASS

Limestone in depositional contact with the Gila 
Mountains. Located on the east side of Salt Creek.

Figure 2 Gravel beds in depositional contact with the Mescal 
Mountains. On the west side of Kelly Gulch, near 
Coolidge Dam.
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The basin fill is nearly everywhere overlain by a blanket of 

coarse alluvial gravel. An erosional unconformity separates the 

gravel from the underlying beds. The gravel covers the surface of a 

pediment which is locally well defined. At two localities, west of 
Calva along the Coolidge Dam road, and east of Bylas, this 

surface is easily seen and is relatively undissected. The dip of the 

pediment surface is slightly greater than that of the basin-fill beds; 

therefore, the gravel sheet truncates the lower beds at a slight angle.

The pediment surface is absent or poorly preserved over much 

of the area north of the reservoir. Scattered flat-topped hills along 

Salt Greek indicate that a surface in that vicinity has been almost 
completely dissected.

Correlation of rock units in the type of sediment which fills 

the basin presents special problems in view of the lack of distinctive 
beds and the poor continuity of most units. An added complication is 
the concealment afforded by the pediment gravel capping over much of the 
dissected area.

Two pyroclastic units which are persistent enough to be used as 

key beds occur in the reddish-brown silts south of the Gila and west of 

the San Carlos. Correlation in the upper part of the section north of 
the reservoir is relatively simple due to the abundance of distinctive 

pyroclastic units in that area.

The use of pyroclastic units as key beds can determine not only 
lithologic equivalence in the stratigraphic column but has the added 
advantage of representing an essentially isochronous horizon, since the 
beds were deposited over a wide area almost instantaneously.



STRATIGRAPHY 

Sedimentary Rocks
Sedimentary rocks in the area of study are poorly consolidated, 

red-brown to white silt, sand, limestone and gravel. Depositional 

units are laterally highly variable and are poorly defined. Mixtures 

of silt and clay make up the greater proportion of the outcropping 

sediments; limestone and sand occur in local concentrations and 

gravel is most abundant near the mountain contacts and on the erosion 
surface.

The sedimentary rocks of the area lie upon older igneous and 

sedimentary rocks of the bordering mountains and are interbedded with 

younger volcanic rocks. Volcanism during deposition of the sediments 
of the area affected their composition and their mode of sedimentation. 
Pyroclastic materials occur in most sedimentary units and in some areas 
are predominant.
Basin fill

The sediments of the basin fill are arenites and lutites that 
are weakly consolidated for the most part but are locally hard and 

resistant. They are variably calcareous, the carbonate appearing as 
cement, as thin plates, or as impure limestones. Bedding is laminated 

to thin over most of the area. Silty clay, silt, and sand commonly 
occur as thinly interlayered strata, making it difficult to assign a 
grade-size term to a single unit. Cross-bedding is a general character

istic of even the finer grade sizes.
Minor unconformities are found throughout the section. Mud
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cracks, concretions and reworked upper beds indicate that deposition 

within the basin was intermittent and that many small hiatuses are 

recorded.
Volcanism influenced sedimentation in the area from an early 

stage. Volcanic rock fragments, glass shards, and unworn crystals 

occur in many sedimentary units which are otherwise normal terriginous 

sediments. All proportions of volcanic and non-volcanic materials are 

found as mixtures, so that many units which megascopically appear 

volcanic are actually predominatly non-volcanic in origin, and vice 

versa. It is interesting to note in this respect that several beds 

which were termed Mtuffs” in the field proved to be predominantly 
siltstone (Mathias, 1959).

A thick sequence of coarse volcanic breccia occurs in the 
vicinity of Triplets Mountain, interbedded with limestone, lava flows, 
and sandy silt. Large bombs and impact structures are common in 
this sequence (PI. 9), there being an increase in particle-size toward 
Triplets Mountain.

Thin lenses of silty limestone are common in the reddish-brown 
parts of the basin fill. These occur as projecting plates, generally 

having convex bottoms, scattered over the face of most outcrops. In 
the area north of San Carlos Reservoir, and extending eastward to the 
vicinity of Calva, the carbonate content of the basin fill increases 

to a point where the sediments take on varying shades of white.
Some of the beds in this area are not white, but resemble the silt 
found elsewhere in the valley; however, the color change is marked 
enough that the entire area appears white in contrast to the rest of



PLATE 6

Figure 1 •

BEDS OF THE "RED FACIES"

Redbeds bevelled by an erosion surface, near Calva. 
Mt. Turnbull.- in background. v '

Figure 2 Outcrop of the Reservoir tuff in cut on Coolidge 
Dam road. Underlying clay beds show load deformation.
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the basin. Thick marl sequences and limestone provide most of the

coloration. The proportion of calcareous cement and matrix of clastic

sediments increases to lighten the normal reddish color.
' ■*

This color transition, reflecting the carbonate content of the 

rocks, is so remarkable that the area affected is considered as a sepa

rate phase within the basin. The significance of this variation will 

be discussed under the section on environment of sedimentation. The 

area just described, from the San Carlos River east to the vicinity of 

Stratigraphic Section 16, is henceforth referred to as the "white facies." 

The normal reddish silts of the rest of the area are designated the "red 

facies." A gradual transition of one into the other can be seen in the 

canyons along Highway 70 near Cottonwood Canyon (PI. 7, fig. 2). Strati

graphic Section 16 demonstrates the lateral interfingering of the two 
facies.

The sediments of the "red facies" are described as:
Light tan to red-brown silt, sand and clay in varying proportions 

and with varying degrees of induration; cement generally calcareous; 
contain thin plates and lenses of limestone; pyroclastic content 
variable; bedding laminated to thin; depositional units poorly de
fined and laterally discontinuous. Occur throughout the lower Saf- 
ford Valley with the exception of the area adjacent to Triplets 
Mountain.

The sediments contained within the area of the "white facies" are 

described as:

Light tan to white silt, clay, limestone and pyroclastics in 
varying proportions and with varying degrees of induration; cement 
calcareous; contain abundant plant fossils; bedding laminated to 
thin; depositional units poorly defined and laterally discontinuous; 
closely associated and interbedded with extrusive igneous rocks of 
similar age. Occur in the area immediately surrounding Triplets 
Mountain and indefinitely north of that area; interfinger to the 
east with sediments of the "red facies" (Pi. l).



PLATE 7
BEDS OF THE "WHITE FACIES"

Figure 1. Interbedded basalt flows and fine-grained sediments 
north of San Carlos Reservoir. Triplets Mountain 
in background.

Figure 2 Area of intertonguing of "red" and "white facies" 
south of Highway 70 near Cottonwood Canyon.
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The area of the "white facies" weathers to steep-walled canyons 

and narrow washes with abrupt ledges in the bottoms. The bluffs 

along the north side of the Gila are steep and contain many resistant 

ledges. By way of contrast, the "red facies" south and east of the 

"white facies" forms wider washes whose walls are often covered with 

talus from the overlying gravel sheet.

Channelling is common in the sediments of both facies and in 

many washes preserved cross-sections of ancient drainage lines can be 

seen in the walls. An old channel meanders across the canyon in which 

Stratigraphic Section 3 was measured, appearing as semicircular 

troughs on alternate sides of the canyon. The troughs are filled with 

crudely stratified alluvium ranging in size from silt to boulders, 

resembling the deposits in the modern channel which runs at a lower 
level.

The basin fill in the San Carlos area is continuous with that 
in the vicinity of Safford at the east end of the valley. Exact 
stratigraphic relationships are not known at this time as work in the 

area between Fort Thomas and Safford is incomplete. The San Carlos 
section is probably partly equivalent to and partly higher than the 

fossil localities east of Safford. The lower portion of this section 
is therefore probably Plio-Pleistocene in age and the higher part, 

around Triplets Mountain, probably extends well into the Pleistocene.

During the field work associated with this study very few fossils 

were discovered. Small gastropods are not uncommon in clay and 
limestone beds. Ostracodes occur throughout the calcareous rocks north 
of the reservoir, and diatoms are found in several localities along
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Highway 70 between Bylas and Peridot Junction.

A green clay bed in Stratigraphic Section 4 contains abun

dant gastropod remains, mostly in a poor state of preservation 

because of postdepositional deformation of the clay bed. . Gastropods 

were also found in other exposures of this bed along the Coolidge 

Dam road.

Gastropods occur in several of the beds in Stratigraphic 

Section 7, along Salt Creek, and in the limey beds interlayered with 

volcanics near Triplets Mountain.

A large limestone boulder in Triplets Wash just south of 

Highway 70 contained molds of a turreted gastropod. The source of 

this boulder, while undoubtedly nearby, was not located. Dr. John 

Lance stated that the remains were those of a group whose time span 

covered the Plio-Pleistocene boundary and which is still extant.
The other gastropods and ostracodes were likewise of little' 

use in determining an exact age for the San Carlos basin fill. In 

view of their nature, however. Dr. Lance (personal communication) 
believes that much of the section in that area may be above the 

Pleistocene boundary. If this be so, there are several hundred feet 

of Pleistocene sediments and volcanics present.
Three pyroclastic units were utilized during the field work as 

reference beds. They are herein referred to by the names used in 

field notation to allow their easy distinction and are: (1) the

Reservoir tuff, so called because of its extensive outcrop area along 
the south side of the San Carlos Reservoir; (2) the "tufa stone" bed, 
used locally as a building stone, which crops out in the dissected 

pediment west of the San Carlos River; and (3) the Pink tuff, named
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for its characteristic color in outcrop, which occurs near the base 

of the lava-and-limestone cliffs north of the reservoir.

The Reservoir tuff is a gray-white tuffaceous siltstone 

containing abundant euhedral mafic crystals (Appendix B). The 

bedding is laminated and it forms a distinctive blocky ledge in out

crop (PI. 6, fig. 2). It is underlain by several clay beds, among 

them a green unit, and can easily be identified at a distance by 

its characteristic white and green banding, even where its outcrop is 

subdued by weathering. The Reservoir tuff can be traced from its 

westernmost outcrop along the Coolidge Dam road to some distance 

east of Bylas (Stratigraphic Sections k and 15, pi. 2), a distance 

of approximately 14 miles. At its western end (Stratigraphic Sec

tion 4) it is composed of several sub-units and is five to six feet thick. 
East of Bylas (Stratigraphic, Section 15) it is rubbly and has thinned 
to slightly more than a foot. The unit has not been traced farther 
east due to the extensive gravel cover in that area. The Reservoir 
tuff has not been observed either west of the San Carlos or north of 
the Gila.

In the low cliffs west of the unpaved road from Peridot Junction 

to Coolidge Dam can be seen the blocky ledges of the "tufa stone" unit. 
This pumiceous, vitric tuffJis quarried north of Peridot Mesa as a 

building stone. It passes under Peridot Mesa, above the interval 

measured in Section 17, and is found at the base of Flatiron Mesa 
(Stratigraphic Section 13) on the road to Coolidge Dam. Outcrops of 

"tufa stone" can also be seen along the highway to Globe, about 8 miles 

west of the San Carlos River.
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An outcrop £ mile west of Flatiron Mesa, near the base of a 

transmission line tower, is described as: .
•’Tufa stone" - 6 feet of thin-bedded to laminated grayish 

white tuff; contains much quartz sand, very fine to coarse, 
with locally abundant angular fragments of red felsite as 
large as g inch and rounded fragments of white pumice as 
large as .2 inches; much crossbedding in upper part, with 
interbedded very thin sand layers; bedding planes well de
veloped; fractures blocky; lies unconformably on reddish : 
silt beds.

The "tufa stone" dips gently toward the San Carlos River 

but is truncated from above by the pediment surface. Its southern

most outcrops are in the tops of low hills west of Stratigraphic 
Section 9.

The Pink tuff is a pyroclastic siltstone of varying coarse

ness. It occurs in Stratigraphic Sections 11, 12, and 18, and crops 

out beneath the lowest lava flow around Triplets Mountain. It weathers 
to a steep, smooth band and is readily identified by its pinkish-brown 
color. Its easternmost outcrop is just west of Salt Creek, but the 
overlying beds lap onto the older Tertiary volcanics of the Gila Mountains 
a short distance east of Salt Creek.

Correlation in the area north of the Gila between the eastern
most volcanic unit and the measured sections of the east was done largely 
on anaeroid altimeter elevations and attitudes of bedding. Direct 

tracing of beds becomes difficult in the area between Calva and Fort 

Thomas. Tracing local key beds and measuring elevations, however, led 

to the conclusion that the beds along that portion of the north side 
of the valley are essentially equivalent. It is expected that more exact 
relationships in that area will be brought out be the detailed mapping 
now in progress by Edward S. Davidson of the U. S. Geological Survey.
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Key beds were not traced between the areas north of the Gila 

and west of the San Carlos. Lithologies on opposite sides of the Gila 

River, where the inner valley narrows at Calva, are dissimilar. Poorly 

consolidated red silt on the south side faces interbedded hard limestone 

and silt of a whitish color on the north side. Attempts at projecting 

the bedding plane of the Reservoir tuff across the Gila showed no 

occurrence of the key bed on the north side at the projected horizon.

The precision of the correlation presented on Plate 2 is such 

that the measured sections are placed in their approximately correct 

stratigraphic positions. Exact relationships are not shown between some 

areas because they have not been shown in the field. However, the 

relative locations of the sections are correct and provide a reasonably 

accurate picture of the stratigraphy of the San Carlos area.
Pediment gravel

A blanket-like deposit of coarse gravel, of variable thickness 
and composition, covers most of the area. It rests on a near-planar 
surface cut on the basin-fill sediments (PI. 6, fig. l), and acts as a 

resistant cover to erosion. Thicknesses range from a few feet to more 
than a hundred feet; in many places the gravel cap has downward 

extensions in the form of channels in the basin fill. Locally the gravel 
is well bonded in a caliche matrix, as in Stratigraphic Section 1, near 

Geronimo.
The composition of the gravel reflects the composition of the 

rocks in the nearest mountain range. Granitic, metamorphic, and inter
mediate volcanic rocks are mixed with Paleozoic sediments along the south 
side of the Gila; around the "white facies" area, basaltic boulders and
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cobbles increase. Fragments are subangular to subrounded and generally 

decrease in size toward the center of the valley. The erosion surface 

on which the gravel rests is marked by a rubbly zone and generally by a 

three to four foot thick zone of calichification at the top of the under

lying basin fill.

The age of the gravel is considered to be Pleistocene, as it 

truncates beds of probable Pleistocene age.

Quaternary alluvium

The youngest sediments in the area are the stream bed deposits of 

the Gila and San Carlos Rivers and their tributary washes. The two rivers 

have cutthrough down the axes of their valleys and have filled the troughs 

with sand, silt, and gravel. The inner valley alluvium of the Gila is 

about 100 feet thick (Van Horn, 1957)• Both rivers have widened their 
troughs by lateral cutting and the inner floodplains now support heavy 
natural vegetation and agriculture.

The floors of the tributary washes which empty into the two 
major streams are covered with a thin veneer of similar alluvium.
Size analysis: Procedure and results

Samples of clastic sediments were selected from those collected 

at measured sections and separated into component grain sizes. Size 

ranges and distributions were studied and attempts were made to correlate 

parameters with areal distribution. There appeared to be only a slight 

variation of particle-size with axial distance in the basin of deposition. 

Sorting values showed a random distribution over the entire area. 

Cumulative grain-size plots exhibited highly variable size distributions, 
especially in the "tails" areas. Insoluble residues possessed character-
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isties similar to those of the samples which contained no carbonates.

Samples were chosen for their lack of cementing material and 

care was taken that only individual particles passed through the sieves; 

many of the samples had a high clay content, however, and considerable 

difficulty was experienced in disaggregating electrically charged 

particles. It was necessary to force the minus 4 phi (0) size fractions 

of several samples through the screen, using a soft brush for the 
purpose.

Particle-size distribution was determined in two phases. The 

sand-size particles were sieved, using a set of Tyler standard screen 

sieves (from 0 to 4 0) and a mechanical shaker. The silt and clay 

fraction was further analyzed by the pipette method (Krumbein and 

Pettijohn, 1938, p. 166-172) using Calgon, a commercial water softener, 

as the dispersing agent. Weight percentages were determined so as to 
plot cumulative curves from 0 0 (very coarse sand) to 9 0 (coarse clay).

Sample cumulative curves are shown in Figures 2 and 3* Curves 
are highly irregular in all samples plotted. Also, there is a notice
able break in slope at the 5 0 line, where sieve analysis ended and 

pipette analysis began. This is interpreted as an indication that much 

of the silt and smaller size fraction was retained in the screens as 

aggregates.

Many of the more irregular curves represent insoluble residues. 

This may mean that part of the particle load, when deposited, was in the 

form of soluble calcareous grains. Admixtures of pyroclastic fragments, 
at least in part airborne, further complicate and cumulative curves.

The most irregular curves appear to be those which represent samples



FIGURE 2

CUMULATIVE SIZE DISTRIBUTION CURVES 
OF CLASTIC SEDIMENTS

List of Samples Plotted 
Sample

No. Description 

2 - 3  Clayey siltstone
2 -  5 Clayey siltstone

3 -  1 Clayey siltstone

5 - 4  Clayey siltstone

7-18 Tuffaceous silt
7 -21 Calcareous silt
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FIGURE 3
CUMULATIVE SIZE DISTRIBUTION CURVES 

OF CLASTIC SEDIMENTS

List of Samples Plotted 

Sample
No. Description 

7 - 3  Fine sand 

7-31 Calcareous silty clay 

1 3 — 1 Siltstone

1 3 —  3 Clayey sand

1 4 -  2 Silty sand 
16 — 6 Clayey sand
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from the most volcanically active areas, i. e., Stratigraphic Sections 

4, 7, and 13. The total aspect of the cumulative size plots is one of 

a sediment load with a near-normal size distribution, on which has been 

superimposed the effects of local admixing, both during and after 

deposition.
Median size values were derived from the curves and plotted to 

show any variation with spatial distribution. Median was plotted for 

several measured sections against axial distance along the Gila River.

No variation with distance can be noted from the scatter diagram (fig. 4) 

A grouping in the 2 to 3 0 size range in Stratigraphic Section 7 is due 

to pyroclastic fragments and water-worked volcanic gravels. Median 

values show a fairly close correlation in al1 sections.

A further attempt to relate particle-size to areal distribution 
was made by plotting total silt and clay (mud) percentages against 
distance along the valley axis (Fig. 5)• In this plot there is a slight 
tendency toward an increase in grain size in a westward direction.

Samples from Stratigraphic Sections 4, 7, 13, and 18 show a grouping in 
the 10 to 40 percent mud range, while values for the other areas 

generally range from 30 to 60 percent. Here, again, rock fragments 

increase the proportion of larger grain sizes. In the case of Section 13 
however, the plots are probably a true indication of current velocity.

From the sample curves (Fig. 6), it can be seen that sorting in 

the basin-fill sediments greatly varies. Sorting parameters in the form 
of inclusive standard deviations (Folk and Ward, 1957) were calculated
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by the formula:

. 34

Si = p84"Pl6 + P95"P5
4 6.6

This equation approximates the moment standard deviation by averaging 

the number of 0 size intervals in the standard deviation intervals 

included between the chosen percentiles of the normal distribution.

The result is an indicator of sorting, since it shows the number of 

size classes included in one standard deviation from the mean. Inclusive 

axial distance in Figure 6. S% values for these samples range generally 

from 1 to 2.5, indicating poorly- to very poorly-sorted sediments. No 

correlation between sorting and distance can be seen.

Size analysis: Conclusions . '

Clastic sediments of the basin fill are medium sand to silt- 
size and moderately well to poorly, sorted. Insoluble residues from 
carbonate rocks exhibit the same distributional tendencies as do non- 
calcareous elastics.

Little or no relationship exists between axial distance along , 
the valley and size and sorting parameters. Values for sediments 

throughout the basin fill fall within the same ranges. Local admixtures 
of pyroclastics have caused variations from this tendency. Insoluble 

residues show that similar processes of particle deposition were effective 

in areas of abundant calcite precipitation and in silt and clay deposits.

The basin fill was subjected to essentially the same current 

velocities throughout the area of deposition. Grain sizes indicate that 

these velocities were low and that much of the smaller-sized load was
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transported as a suspension (Hjulstrom, 1939). The physical environ

ment was one of low energy.

Heavy minerals
The heavy menerals were separated from the fine and very fine 

sand fractions of selected representative samples and identified with 

the petrographic microscope. A total of twenty-five samples from eight 

measured sections, chosen for their areal distribution, were analyzed 

for heavy mineral content and grain characteristics.

The 3 0 and 4 0 size sand fractions from the chosen samples were 

combined and mixed. Small evaporating dishes were used to separate the 

heavy and light fractions. A dish was filled with bromoform and a small 

amount of the sample sprinkled onto the liquid. Slight tapping provided 

the agitation necessary to cause settling of the heavy grains. The 

light fraction was then decanted through the pouring lip of the crucible 
and the residue around the rim wiped clean. The heavy grains, in the . 
bottom of the crucible, were then removed to filter paper by washing 
with acetone. The above method was recommended by Dr. J. F. Schreiber, Jr., 
and is considerably faster than the various separation methods normally 

used (Krumbein and Pettijohn, 1938, p. 335-343).
A total of 300 grains was counted from each mounted heavy mineral 

sample except for two samples which had less than 300 grains. Opaque 

as well as non-opaque minerals were included in the counts. A micro
meter mechanical stage and a laboratory counting device were utilized to 

standardize the counting procedure. All grains within the field of view 
were identified and counted. Numerical results were computed as per

centages of the total count for each sample.



TABLE 1
HEAVY MINERAL FREQUENCIES IN SELECTED SAND SAMPLES 

Nearest Whole Percentage of Total Heavy Fraction

Sample 
No* 4-1 4-6 4-11 4—12 7-24 7-20 7-38 9-1 2=2 2=i 2=1 12=1 1 2 = 1 13-4 13-5 14-2 14-3 15-1 15-3 15-5 18-9 19-1 19-3
Opq 65 90 76 49 28 39 87 56 59 72 78 83 40 63 69 68 63 27 50 28 92 71 75
Augt 19 8 12 30 52 50 3 21 23 6 8 7 9 6 16 2 4 35 17 52 ■ # 15 11
Hbl 12 * 8 12 14 6 1 2 6 8 10 6 21 22 10 11 4 21 15 12 6 6 9
BHbl 1 1 — — * 1 * 2 - 1 * 2 - - * * - 1 15 -K- - # #
Biot § — — — mm * * 2 5 # —
Olvn 1 ' — 1 3 1 - 3 — - * * - - - 2 - 3 — 2 # ■tt 1
Epdt * * — mm mm 1 — - 1 3 # * - - - * 2 — # — — 1 —
Ohio mm mm * mm mm 1 — mm — ' 2 — — 1 * 1 - 3 2 # — 1 —
Sphn mm mm # 1 — — — * - 1 - * - - - 5 5 1 # 1 - #
Mnzt mm mm # # 1 — 5 1 1 - 1 # * 1 1 * # # — — —
Zrcn mm — 1 # — 1 1 - ‘ - # * * * * 6 - - — * # —
Apat mm — mm *- # - - 1 — — - — — 1 — ■ — — *

1Ac/Tr mm mm — - 1 * - - - - * - - 2 # —• - 2 —
1

—
Zois mm mm ' - # - - - - 1 — — * * — # **• — —
Spnl mm mm mm mm — — — - - — — - - — 9 * — — — ■*
Pleo ' — mm — mm — — * — - ^ * - - 6 2 — - — ■ — *
G a m mm • # mm' — - - - * - - - - 2 - — — — — — —
Anat * 1 ■ — — ■ — — mm

Anhy mm mm — mm - - - - - - - — 22 — — — ■ ̂ — — mm

Sidr mm 4̂ mm mm — mm w. mm * _ 5 — — — — • — — — mm

Hypr mm mm * mm # - - - 3 - - - : - iC- 2 # 1 — 1 *
Turn
Enst # — — —
Gyps mm
Star mm mm — * — - - — - - — — - 2 . — — ' — —
Kyan 1Rutl mm mm mm . * - mm - * - — — * - — — — —
Serp

(-) no occurrence (*) 1 grain/slide (#) 2 grains/slide

---- t -- - —*•* - *.. ---y-:r.

v>on
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The tabulated results of the heavy mineral counts (Table l) 

show little significant compositional variation of the major components 

in the area sampled. With the exception of four samples (samples 1-20, 

7-24, 15-1, and 15-5) opaque minerals made up the bulk of the heavy 
fraction. The opaques, augite, common hornblende, and olivine were 

the most abundant minerals in all the samples counted. Epidote, 

chlorite, basaltic hornblende, sphene, monazite, zircon, actinolite- 

tremolite, spinel, and pleonaste were of secondary importance in various 

samples. Garnet, rutile, staurolite, and kyanite were extremely rare 

and can be regarded as accidental. Minor amounts of biotite, apatite, 

anatase, zoisite, hypersthene, tourmaline, and enstatite occured in 

several samples. Anhydrite and siderite were abundant as nodules and 
cement fragments only in sample 13-3.

The opaque minerals observed were almost entirely magnetite, 
much of it titaniferous, as was shown by the coatings of leucoxene which 
were present on many grains. Magnetite grains varied from euhedral to 
subhedral, euhedral crystals being especially abundant in samples 4-11 
and 15-5. A considerable proportion of hematite grains was observed in 

samples 14-2 and 14-3.
The augite grains were characteristically stubby with ragged 

or "hacksawed1* ends, poorly rounded, and pale to pinkish brown in color. 

Pleochroism varied, the pinkish, titaniferous variety being noticebly 

pleochroic. The augite of sample 4-12 was almost entirely titanaugite.
Common hornblende was found in nearly all samples and displayed 

its normal characteristics. Much of the hornblende observed was in the 

form of dark green unbroken euhedral crystals of extremely delicate
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proportions. This type of grain was especially abundant in samples from 

Stratigraphic Section 4. Mathias (1959) noted the same characteristics 

in hornblende from this area.

The preponderance of augite, olivine, and magnetite indicates 

an abundant supply of detritus from basic igneous rocks. Such a supply 

could have been maintained both from the volcanic outpourings within 

the basin itself, and from the older Tertiary volcanics of the Gilas.

The presence of euhedral magnetite and hornblende crystals indicates a 

short distance of transport in water, or perhaps an airborne mode of 

transport. Eruption from the many vents of the area would allow for 

the deposition of delicate hornblende crystals in a nearly perfect state 

of preservation. Most of the grains observed, however, showed signs of 

having been transported. Variations in placer action can account for 

the preponderance of augite over magnetite in samples 7-20, 7-24, 15-1, 
and 15-5.

Sphene, zircon, spinel, and pleonaste are of secondary import
ance in the samples from Stratigraphic Section 14, indicating a local 
abundance of acid igneous and metamorphosed sedimentary rocks in that 

area. Such a suite might be expected at that locality, since it is 

closely adjacent to the intrusions and Paleozoic sediments of the Mescal 

Mountains.
Minor amounts of monazite and apatite found throughout the area 

indicate a constant but distant source of granitic rocks.

With the exception of the fine hornblende crystals, which exhibit 

an obvious lack of abrasive history, it appears that the heavy mineral 
suites from the samples observed cannot be considered as diagnostic of
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such processes as post-depositional solution, distance of transport, or 

process of deposition. Neither does there seem to be much possibility 

of their use as a correlation tool.

It does appear, however, that variations in the abundance of 

some minerals of minor occurrence reflect local sediment sources. This 

is also the opinion of Van Andel (1959), who says: "In the basins of

rapid deposition deriving their sediment in general from source areas 

with active erosion, the influence of all factors" (weathering, abra

sion, selective sorting, post-depositional solution) "is negligible 

and the heavy mineral assemblage directly reflects the petrography of 
the source area."

Further discussion of the interpretation of heavy mineral data 

is reserved for the section on environment of sedimentation.
Sand and sandstone

Petrographic studies were made with a binocular microscope on 
whole samples of those units which were predominantly sand sized. 

Identification of minerals and study of grains was made difficult by 
clay and silt coatings in samples which contained more than a slight 

proportion of the smaller grain sizes.

The purpose of these studies was twofold: (l) to observe the

textures of the sands; and (2) to determine, their mineralogic composi
tion. A small amount of the sample to be studied was quartered out and 

placed in a watchglass for examination. Mineral percentages were 

estimated, and no attempt was made to identify minor heavy minerals.
Quartz proved to be the most abundant mineral species, except 

in those samples taken from the area around Triplets Mountain, where
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pyroclastic components predominate. The quartz was not identified by 

type. Both milky and clear grains were common, the clear variety being 

most abundant. Grains were angular to subrounded, the degree of rounding 

increasing with size.
Feldspar was present in all samples in small amounts. Grains 

were light gray to pink and subangular to subrounded. Cleavage faces 

were common. . .

Rock fragments occurred in nearly all the samples observed and 

varied in appearance from rough, irregular volcanic pellets to grains 

of porphyry. Their color was red to black. ■ Non-volcanic rock fragments 
were of minor occurrence.

Pyroclastic elements consisted of glass shards, pumice, and 

crystal fragments, as well as volcanic rock fragments.

In some samples an estimable proportion of heavy mineral and 
mica grains was. present. ...

The composition plots of the sands examined all fell into Folk* s 

(1954) arkose and subarkose classification. This classification ignores 
clay and silt content, as did the determinations in this study. 

Pettijohn's (1957, p. 291) classification terms the San Carlos sands 

lithie sandstones and arkosic sandstones, depending on their relative . 

proportions of rock fragments and feldspar. : .: :

Since a significant part of the sands examined was pyroclastic 

in origin, an attempt is here made to expand Folk’s arkose-subarkose- 

orthoquartzite classification by plotting compositions according to 

feldspar and pyroclastic content (Fig. 7). Portions of the arkose field 

are divided off as shown in the ternary diagram and are designated as
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"pyroclastic arkose." This field includes those sediments which, ac-
■ \

cording to Folk (1954), qualify as arkose but which are predominantly 

composed of pyroelastics and quartz.
The preceding discussion perhaps presents a false picture of the 

basin sands in general because of the fact that fine-grained matrix is 

not considered. Problems of nomenclature aside, a matrix-rich texture 

implies conditions of sedimentation not conveyed by the term "arkose" 

(PettiJohn, 1957, p. 290; Folk, 1951). Therefore it should be borne 

in mind that, although the basin sands can be pigeonholed by mineral 

composition, a significant textural variation from the conventional 

"arkose" concept exists.

Pyroclastic sediments

Since it is difficult to draw a dividing line between sands 

with a pyroclastic content and those which are predominantly pyro
clastic, a discussion of the latter type of sediments logically follows 
the treatment already given the former.

Silt and sand-sized sediments which in the field are apt to 
be called "tuffs" often contain a large proportion of quartz and feld

spar. Although much of the quartz and feldspar is highly angular and 
very probably of volcanic origin, a significant percentage of worn grains 

in each sample indicates that normal terrestrial sedimentation continued 

through the period of volcanic ejection and deposition. As can be seen 
from Figure 7, the predominantly pyroclastic deposits examined, with 

three exceptions, fall into the "pyroclastic arkose" category. The 

three exceptions are beds of nearly pure glass shards.
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Many of the sands and silts of the "red facies” can be described 

as "tuffaceous." Fragments of volcanic rock, crystals, or glass occur 

throughout the stratigraphic column and over the entire area. In the 
vicinity of San Carlos Reservoir, however, pyroclastic elements are 

found in greater abundance, and around Triplets Mountain they make up 

a large part of the sedimentary basin fill.

Pyroclastic sediments are found in Stratigraphic Sections 4, U ,  

12, 7, and 18, and are described in Appendix A.

In Stratigraphic Sections 3> 7> and 16 thin beds of nearly pure 

glass shards are described. Samples of these, together with pumice 

fragments from the Reservoir tuff and the "tufa stone" bed, were examined 

microscopically to determine their refractive indices.,

The uncrushed glasses were found to be triangular, curved shards, 

well sorted, and less than l/l6 mm in size. Colors were clear to pale 
brown. The crushed pumice shards from the "tufa stone" sample were 
filled with tiny magnetite inclusions. Sample 7-16, classed as a vitric 
tuff, contained 30% quartz, pyroxene, and hornblende crystals.
Refractive indices of the glasses fell within the narrow range of 

1.498 to 1.508, values typical of highly silicic glasses (Wahlstrom, 1955,

p. 286-288).
In the thick pyroclastic sequence around Triplets Mountain, 

large angular fragments of volcanic rock are imbedded in a matrix of 
tuff, agglomerate, and terrestrial elastics. Many of these units are 

very poorly sorted and structureless; however, most of them exhibit at 
least a crude stratification and sometimes a vertical size gradation.
It is apparent that great amounts of volcanic material were deposited
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at a rapid rate in this area, but thin gravel beds and rounded pebbles 

within the matrix of these units attest to the simultaneous action and 

effect of running water.
The tuffs described in this report are classified according to 

lithie, crystal, and vitric content (Appendix B), suggested by 

Pettijohn (1957, p. 332).
Limestone

Limestone and calcareous clastic sediments occur throughout the 

area under study but with greatest abundance in the "white facies" area. 

Field samples received laboratory treatment to determine content of 

soluble carbonates, for petrographic examination, and for differential 
thermal analysis. -

Samples of carbonate-rich rocks from Stratigraphic Sections 2,

4> 5, 7, 8, 13, 14, 15# 16, and 18 were carefully weighed and treated 
with dilute hydrochloric acid to dissolve al1 soluble carbonate material. 
The residues were washed, filtered, oven-dried, and weighed. Weights of 
dissolved carbonate were computed as percents of original sample weight.

Approximate carbonate contents were obtained for the above 

measured section by the following procedure:

1) The assumption was made that the small sample tested 

was a true sample of the entire unit.
2) Soluble carbonate percentage values for each unit sampled 
were multiplied by the thickness of the unit. In cases 

where units were composed only partly of calcareous material, 
a factor was introduced to correct the thickness value.
3) Products of thickness times carbonate content was totalled
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for each measured section and the sum divided by the total 

thickness of the section. The result was an average percentage 

of carbonate for the entire section.
While the above procedure is subject to considerable sampling 

error, it is a commonly used method of determining mineral values 

(McKinstry, 1948, p. 35-69) and the results are considered sufficiently 
accurate to show relative trends.

Plotting the carbonate percentage on a map shows a value of 

from less than 5 percent to 12 percent for the sediments of the "red 

facies." A definite increase can be detected in an east-to-west direction 

along the north side of the Gila (Fig. 8). In the area of Salt Creek, a 

total carbonate content of 46 percent was computed. Stratigraphic 

Section 8, at the mouth of the San Carlos River, contains 76 percent 
carbonate material. In Stratigraphic Section 16, near the facies change 
area, there is approximately 18 percent carbonate.

Samples of limestone units were selected for petrographic study 
(Appendix B) and thin sections were prepared from the more competent 

specimens. Less competent marls and limestones were sectioned and 

polished for acid etch tests as described by Lamar (1950).

The limestone samples studied ranged from microcrystalline i ..

calcilutites to very fine calcarenites. Most contained quartz grains 
and other impurities but some, especially in the vicinity of the "white 

facies," were relatively pure. Clastic fragments were composed of 
microcrystalline limestone, irregularly shaped and with no observable 

microbedding. Textures were generally open and well filled with clear 
calcite cement. In only two specimens (8-2 and 8-5) were recrystal-
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lization of the clastic grains noted. Dolomite crystals were observed 

near the weathered surface of sample 8-5. Post-cement vein fillings 

were common in many of the samples.
In general, samples from the "red facies" exhibit a more clastic 

texture than those from the "white facies"(Appendix B). Sample 1-3 is 

described as a very finely granular calcarenite with a network of clear 

calcite cement. Sample 19-2 is composed of interclasts in a fine silty 

matrix with scattered pockets of clay. In contrast, sample 7-17 is 

90 percent microcrystalline calcite; sample 7-7 is 85 percent crystalline 

matrix; sample 11-18 is 95 percent matrix; and a sample collected from 

Triplets Wash just north of Highway 70 is 80 percent dense calcite. 

Samples from Stratigraphic Sections 8 and 10, at the Gila-San Carlos 

River confluence, are more clastic in texture, as are other samples from 
the "white facies" area.

Impurities in the limestone samples studied reflected the 
compositions of the local silts and sands. The proportion of pyro
clastic components increased in the limestones of the "white facies."

Fossil organic material is common in the calcareous sediments . 
of the "white facies" and was observed in two thin sections. Sample 

7-35 gave off a distinct odor of hydrocarbon material when cut with a 
diamond saw. It contained ostracod and gastropod remains and showed 
Ghana stems and oogonia on etching. Several other calcareous units 
were observed to contain gastropods, ostracodes, and abundant plant 

stem fragments (Stratigraphic Sections 7, 19# 11# 18).
ftmal1 blebs of chert were observed in sample 7-7. A thin layer 

of gray-brown chert crops out in a road cut 0.8 miles west of Salt
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Creek on Highway 70. A 2 foot thick bed of silicified limestone crops 

out in the bed of a vertically-walled canyon 3-3 miles east of Coolidge 

Dam on the alternate paved road. No other evidence of silicification 

is known in the area.
Differential thermal analyses of selected calcareous sediments 

from Stratigraphic Sections 7, 8, 10, 11, and 16 showed normal curves 

for varying mixtures of calcite, montmorillonite and quartz. An 

exception was sample 16-5, which produced a dolomite curve, a result 

which was confirmed by X-ray analysis.

Clay

Clay-size clastic material is found everywhere in the area and 

scattered throughout the stratigraphic section. The conrnon occurrence 

is as part of a mixture of clay, silt, and carbonates. Very thin 

laminae of brownish clay are found in nearly every outcrop, interbedded 
with other elastics and combined in varying proportions. Nearly all 
clay units observed were visibly silty and on.size analysis even the 
purer ones proved to contain a large proportion of silt. Areas in 

which clay-rich units make up a large part of the basin fill are in the 
vicinities of Stratigraphic Sections 1, 2, and 16. Thin beds of 

fairly pure clay crop out in Stratigraphic Section 7, and much of the 

calcareous material interbedded with the volcanics around Triplets 

Mountain is a plastic marl.
Clay units are characteristically thinly laminated and flat-, 

bedded. They are commonly highly fractured into angular or subconchoidal 

fragments which are easily crumbled from the outcrop. Silty clay units 
are nearly always cross-laminated on a very fine scale. Mud cracks,
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worm burrows, pellets and concretions are common. Some clay beds two 

feet or more thick exhibit signs of internal tectonism such as slicken- 

sides, local thinning, and load casts. A clay unit beneath the 

Reservoir tuff at Stratigraphic Section 4 is deformed by loading so 

that the contact between it and the overlying bed is very irregular; 

this unit also contains large irregular nodules of white calcite in its 

upper part.

Clay colors are brown to red. Several outcrops of olive- 

green clay occur in the area and are believed to be noteworthy.

A green clay crops out under the Reservoir tuff along the Coolidge 

Dam road, thinning eastward and pinching out between Stratigraphic 

Sections 5 and 15. On the road from Peridot Junction to San Carlos, 

a small outcrop of green clay interbedded with red clay can be seen 

at the base of Peridot Mesa on the east side. A one foot thick clay 
unit (7-7) crops out in Salt Creek; it, like the unit below the 
Reservoir tuff, contains gastropods. The cause of the green color
ation of these clay beds is not known but is thought to be either 
iron in a reduced state or organic material. The bed along the 

Coolidge Dam road locally contains thin, black, carbonaceous layers.
An unusual deposit of detrital clay aggregates, containing a 

small amount of red volcanic rock fragments, was observed in Salt 

Creek (Unit 7-29). This material was of a bright yellow-brown color.
Many of the clay units measured contained evaporite minerals. 

Silky aggregates of gypsum crystals were common and a saline taste was 

usually detectable.



50
Clay samples from various localities were subjected to different

ial thermal analysis in order to determine their mineralogical composition. 

The only clay species detected was montmorillonite, mixed in varying pro

portions with quartz and calcite.

Igneous Rocks

Igneous rocks are found in the basin fill in the area west of 

Salt Creek and consist of basalt flows, necks, and diatremes. Extensive 

lava flows crop out in the cliffs around Triplets Mountain and in the 

mesas south and east of there. Peridot Mesa, near San Carlos, is a 

lava-capped sequence of sandy basin fill (Stratigraphic Section 17). 

Several other small mesas preserved by basalt caps stand above the 

pediment west of the San Carlos River. Volcanic necks of varying size 

occur in the basin fill south of Triplets Mountain and can be seen along 

Highway 70 between Peridot Junction and Salt Creek. Diatreme-type vol
canic vents pierce the basin-fill sediments in several localities.
Lava flows

The most extensive flows in the area are found in the vicinity 
of Triplets Mountain. At least four major episodes of extrusion are 

recorded there, and two or more flows occur in each major sequence. The 

flows extend three to four miles south and east of Triplets Mountain where 

they cause a banded "layer cake" appearance of the cliffs and canyons. 

Highway 70 passes south of the flows, but remnants can be seen in two 

large hills south of the road. Only the lower flow sequence in this area 

rests on pyroclastics. The higher flow series lie directly on silts and 

limestones with no intervening tuff bed. Thicknesses range from 10 feet 

to over 200 feet. The sequence at the top of Stratigraphic Section 18,



PLATE 8

Figure 1.

IGNEOUS ROCKS OF THE "WHITE FACIES" AREA

Lava flows preserved in Layer Cake Mountain.

Figure 2 Aerial view of lava-capped mesas west of Salt 
Creek. U. S. Highway 70 in middle distance, 
Gila River in background.
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just west of Triplets Mountain, is a pile of lava sheets approximately 

275 feet thick. The lower series are considerably thinner. Flow struc

tures, columnar structures, and internal brecciation are common in all the 

lavas of the area. Basal contacts are sharp and often show brecciation of 

the upper few inches of the underlying bed. The flows around Triplets 

Mountain can be traced around the cliffs to the south (PI. 8) and the upper 

series can be seen to lap onto the older volcanic rocks of the Gila Moun

tains slightly west of Salt Greek. The uppermost series extends northward 

to form a level plateau (Bromfield and Shride, 1956, pi. 52) into which 

deep canyons have been cut by the San Carlos and other streams to expose 

the underlying beds.

West of the San Carlos River, remnants of lava flows form the 

tops of several mesas. Flatiron Mesa (Schwennesen, 1921, pi. 2) and 

flat-topped hills to the west are capped with sheets of basalt which lie 
on gently sloping, planar surfaces cut on the sediments. As the surfaces 
slope toward the valley of the San Carlos, and as the westernmost surfaces 

are higher than the one at Flatiron Mesa, it appears that they are isolated 
remnants of a pediment slope resembling the present one, down which lavas 

flowed from a source in the Mescal Mountains. Indeed, high flow remnants 

lap onto the rocks of the mountains, and Bromfield and Shride (1956) mapped 

similar flows around the headwaters of Ranch Creek, about eight miles west 

of this locality, in the Mescal Mountains.

Peridot Mesa preserves a similar sloping surface beneath its lava 

cap. The source of the flows here is more obvious, as a volcanic cone 
about 100 feet high is located on the southwest edge of the mesa (Lausen ,



1927). The northeast corner of the mesa is massive columnar basalt, 

indicating the probable location of a feeding vent.

The lavas of the San Carlos area are olivine basalt, sometimes 

porphyritic in texture. Thin sections cut from samples from several 

localities showed embayed and altered olivine phenocrysts in a matrix of 

plagioclase microlites and enstatite (Appendix B). The enstatite varied 
from interstitial to subhedral in form. Sample 13-9, from Flatiron Mesa, 

contained augite. All thin sections showed abundant small grains of 

magnetite. Composition of the plagioclase microlites varies from A n ^  to 

An^Q. The olivine was forsterite, approximately FogQ.
Necks

Volcanic necks in the basin fill are confined to the area west 

of Salt Creek. They are generally circular in plan and vary in size, with 
a maximum diameter of about 2000 feet. They are not topographically prom
inent, being often obscured by lava flows and talus. A neck of massive 
basalt occupies the northeast corner of Peridot Mesa, at San Carlos. A 

similar, and better exposed, neck occurs east of San Carlos near the 
river floodplain. Small necks occur in profusion in the area around 

Triplets Mountain. North of Highway 70, small necks occur with lava flow 

remnants and are not easily differentiated.

The majority of the necks observed are composed of dense basalt. 

Many of these show radial columnar structures, and fine examples of these 

can be seen along the road to the Cattle Breeding Station which passes 

north of Triplets Mountain. Small dikes radiate from some of the necks
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in this area.
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Impact structure in basin fill near Triplets Mountain
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Some necks exhibit a complex history of eruption. Renewed activ

ity in small vents along Highway 70, near Triplets Wash, has injected 

rounded blocks of basalt along the lava channelways and into the sur

rounding soft sediments, disrupting bedding and forming sill-like bodies 

of volcanic breccia. Later magmatic intrusive activity has emplaced 

small dikes which cut both the volcanic breccia and the sedimentary beds.

The emplacement of the breccias has caused buckling and uparching of the 

sedimentary rocks (PI. 19, pi. 20, fig. 1). '

The formation of intrastratal volcanic breccias in association 

with the lava necks of the Triplets Wash area is believed to be due to a 

combination of renewed eruptive pressure within the feeding pipe and the 

confining effect of thick lava flows on the surface. Fracturing of the 

poorly resistant sediments was followed by lateral injection of rounded 
blocks in a gaseous medium. At least one of the breccia bodies reached 

the surface in the form of a dike (PI. 20, fig.'l). Sedimentation con
tinued during the gradual tilting of the limey sediments surrounding this 

dike; this is shown by converging bedding planes in a limestone block in 
Triplets Wash and in the road cut immediately west of there.
Ring dike

An intrusive feature considered worthy of special attention is a 

ring dike located near Triplets Wash. It is about one mile east of the 

wash and less than a mile south of Highway 70. It can be reached only on 

foot but can be approached to within a quarter-mile by four wheel drive 

vehicles. The intrusion itself has the form of a nearly continuous circular 

dike with an enclosed structural dome and central vent. It forms a striking



topography and is perhaps better exposed to examination than many of the 

ring-shaped intrusions described in the literature.

Although contacts and attitudes in the dike are not everywhere 

apparent, the nature of the country rock affords a remarkably clear pic
ture of the nearly complete ring of intrusive rock. A relatively soft 

and easily eroded sequence of silt and limestone has been stripped away, 

leaving the dike standing as a circular ring with a relief of as much as 

150 feet on the east side. This ridge is seen from the highway as a low 

hill and is not particularly, noticeable from there.

The dike lacks approximately forty degrees of forming a complete 

circle. In the northwest quadrant it is partially covered by the adjacent 

basalt hill and is not clearly traceable; also in this vicinity it departs 

from its circular symmetry and becomes elongated to the northwest. The 

hill itself is composed of basin-fill sediments capped by a lava flow, 
which crops out at the top and around the upper sides. Although talus 
covers the slopes and laps over the north edge of the ring dike, patches 

of bedded sediments show high on the hill. Around the southeastern edge 
of the hill basalt outcrops have a trend which closely follows that of the 

circular dike. These outcrops show the closely spaced jointing which is 

characteristic of the dike basalt. It appears probable that the dike 

extends beneath the talus to complete its circle;.confirmation of this 

inference is not possible, however, because of obscured contacts and the 

scarcity of outcrops. The outcrops which are suspected of being part of 

the dike are at a higher level than those of the dike proper; therefore, 

if the dike does continue beneath the masking talus slope, it is probable 
that it is preserved at a high level than around most of its circumference.
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Attitudes of the dike rock are somewhat obscured in the field by 

overburden. Where contacts are exposed in stream gorges attitudes are 

variable. Along the western and part of the southern sides of the dike 

dips appear nearly verticalj in the gorge on the south side contacts dip 

steeply inward. Contacts between basalt and basin-fill sediments generally 

are sharper and higher in elevation on the outside of the ridge than on 

the inside. Bedded sediments occur high on the outer wall of the dike 

around its entire exposed circumference/ whereas the inside wall has con

tinuous exposures of basalt to a level which is generally lower than that 

on the outside. Stereoscopic examination of aerial photographs give a 

distinct impression of inwardly dipping contacts which is not gained in 

the field. The overall attitude of the dike is considered to be inward 

dipping, with local variations to the vertical but not beyond it.

Numerous examples of ring-shaped intrusive bodies have been re

ported in the literature. Billings (1943) reports 115 known ring dikes, 
and since that time the number has increased. Though most extensively 
distributed in the British Isles and New Hampshire, ring-shaped intrusions 

have been reported from Australia (Stephenson, 1959)> Norway, India, and 

various parts of the western United States. A ring structure in the Arctic 

Islands of Canada was reported by Brown (1951).

Cone sheets are reported in Scotland (Richey and Thomas, 1932) as 

occurring in association with ring dikes. Parsons (1939) describes cone 

sheets as the dominant annular features around a syenite intrusion in the 

Sunlight Area of Wyoming. Williams (1936) cites the occurrence of cone 
sheets associated with volcanic necks in the Hopi Buttes volcanic field 

in Arizona. Hence, it is concluded that cone sheets need not be associated
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with ring dikes. Since the intrusion here described dips inward toward 

its center, it might properly be called a cone sheet. However, since 

dip values are much greater than those described by Richey (1928) as. 

being typical of the Scottish and Irish cone sheets, and since the thick

ness of the dike is greater than those of any cone sheets previously 

described, the body is here referred to as a ring dike. Although Smedes 

(i960) describes a 600 foot thick circular basalt dike as having inward 

dips of 30 degrees, he does not refer to it as a cone sheet. By its 

nature the San Carlos intrusion falls within the general definition of 

a ring dike as given by Billings (1943), and although it may have a mode 

of origin similar to those of cone sheets, rather than introduce new 

terminology (Marlowe, 1960b) "ring dike" is here used in the general 
sense of Billings.

The diameter of the San Carlos ring averages one mile. Although 

the area of outcrop, as shown on the map (PI. 4), is considerably wider, 
the dike averages approximately 200 feet in thickness. Local swellings 
occur on the east and west sides, and, where dips steepen on the north 

side, the outcrop narrows. Both, the inner and outer sides of the ring 

are steep, with slopes of as much as 40 degrees on the northwestern face.

On the inside of this portion of the dike the outcrop area widens sharply 

and basalt is exposed in the small wash 1500 feet inside the edge of the 

ring.

Pinnacles and knobs of basalt form a spine-like crest on the ridge 
of the dike around its full exposed circumference. Shear and longitudinal 
joints are well developed and the outcrops weather into angular, blocky forms.



59
Intrusive contacts show no deformation of the sedimentary country 

rock. Remnants of bedded sedimentary rocks cling to the outer sides of 

the ring and nowhere was fragmentation or bending seen. No actual contacts 

were observed, but sedimentary bedding a few feet from contact zones indi

cate that little or no disturbance of beds accompanied the intrusion. Al

teration effects are probably confined to a fairly narrow contact zone 

and are covered by overburden.

Sediments exposed within the intrusion are similar to those seen 

everywhere in the vicinity. Several hard limestone units form ledges and 

the intervening beds are predominantly silts. These rocks overlie the 

dike rock around the inside diameter of the ring; no further exposures of 

igneous rock are seen, proceeding in an inward direction, until the central 
vent is reached.

The associated feature that makes the ring dike unique is the 
structural dome which it encloses. Basin-fill sediments contained within 
the ring dip quaquaversally away from a central point (PI. 10, fig. 1).
Dips are roughly equivalent in all directions. Beds are nearly horizontal 

over the central vent and dip away sharply in all directions. Recorded 

values range between 10 and 20 degrees. Back slopes of the dome are gen

erally covered with limestone rubble and are relatively planar.

Approximately in the center of the ring and beneath the apex of 

the structural dome is a roughly circular volcanic vent. It is about 400 

feet in diameter along its minor axis and nearly 600 feet along the major 

axis. Topographically, it is lower than the surrounding sediments and the



PLATE 10

Figure 1.

Figure 2.

CENTRAL VENT OF THE SAN CARLOS RING DIKE

View of vent from east to west, showing reversal 
of dip in the arched sedimentary beds which sur
round it.

Coarse breccia in the central vent. Scoriaceous 
blocks in a matrix of white calcite.
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enclosing dike.. It occupies a bowl-like depression in the center of the 

dome and is drained by a small wash that heads up a few hundred yards to 

the northwest. At about the middle of the vent, contracts are approxi

mately a hundred feet higher than is the stream bed (PI. 10).

The vent is characterized by. angular to subrounded fragments of 

basalt tightly cemented in a white carbonate matrix. The surface is 

rough and uneven. Fragments over most of the area range from 5 inch to 

6 inches in diameter, with an average size of about 2 inches. In the 

western part of the vent the agglomerate has little secondary cement and 

is composed mostly of lapilli and ash. It forms a hard, resistant rock 

and has a rough, pebbly texture. Most larger fragments are scoriaceous. 

Bedding is nowhere evident except in the western extension of the vent, 

where a crude stratification seems to dip steeply, nearly vertically, 
westward.

In an area roughly centered at the south edge of the vent and 
having a diameter of approximately 300 feet, fragments are larger and 
more angular. The average size is 4 inches, with many blocks up to 

2 feet long and some rounded bombs of 4 feet and longer. There is a 
higher ratio of matrix to fragments in this area, the matrix being 

formed chiefly of white calcite (PI. 10, fig. 2). This area of coarse 
debris appears to be the main eruptive vent, or, at least, the last such. 

vent. No exotic rocks were noted and the angular, scoriaceous blocks 

intermingled with lava bombs probably were derived from extrusive 

products at a higher level. Subsidence of the lava column would have 
caused the collapse of the overlying rock. It is concluded that the 
exposed level is not far below the highest level reached by the vent;
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were this not so, fragments of country rock derived from the sides of 

the throat would be included in the debris which fills the throat.

Contacts are well exposed around the perimeter of the vent. 
Attitudes are indeterminable over most of the area. In the wash, how

ever, a dip of 7 degrees south was recorded. The upper contact of the 
volcanic rock clearly dips into the stream bed and may follow the 

structure of the dome. The sides of the vent appear to flare outward; 

thus, the exposed area may be the decapitated top of a cupola-like body.

Two small sills crop out in the bed of the wash at one hundred 

and four hundred feet upstream from the vent, respectively (PI. 4).

Each is exposed for a distance of 150 feet. Both are concordant with the 

sedimentary bedding and have not deformed the overlying strata. Maximum 

exposed thicknesses are 4 feet for the northernmost sill and 12 feet for 
the one nearer the vent. They are stratigraphically separated by several 

limestone layers but relations between the two are masked by overburden. 

It is possible that they both represent the same tongue-like extension of 

the vent lavas. Both are slightly vesicular near the top but become more 

massive away.from the contacts.

A vertical, dike-like extension rises from the central part of 

the northernmost tongue and intrudes the sediments to a height of 15 

feet. It is approximately 80 feet wide and terminates abruptly beneath 
undisturbed sediments.

Alteration around the two sills is limited to a short distance 

from the contacts. Propylitization extends from two inches to two feet 
away from contacts; silicification has formed greenish nodules in lime
stones, and siltstones have become friable and uncemented.
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Near the southeast edge of the ring and cropping out in the 

wash which drains the vent area is a dike of massive basalt. It stands 

ten feet high in the wash and is thirty feet wide. Its trend is 

N. 40° E. and it dips to the north at 85 degrees. Contacts are sharp 
and there is little disturbance of the sediments. Alteration.is of the 

same type as was noted at the two sills. The dike can be traced for a 

short distance over the surface, but it soon becomes lost under over

burden. It is cut by a strongly developed set of longitudinal and 

shear joints. Sediments upstream from the dike have dips of approxi

mately ten degrees; those downstream from it dip in the same direction 

at approximately twenty degrees. It is probable that the dike was 

intruded along a preexisting fault which developed during the formation 
of the dome. .

A small, circular area of scoria crops out on the west side of 
the ring near the point where it merges with the rubble from the hill 
to the west. A bed of tuff-agglomerate is exposed in the head of a 
nearby wash. The scoria outcrop is loose and rubbly, and no more than 

thirty feet in diameter. Contacts are not evident and there are no 

nearby similar outcrops. The proximity of the tuff and scoria point 

to a mutual relationship, probably as fumarolic extrusions along 
fractures related to the dome.

That the central intrusion described above acted at one stage 

in its development as a volcanic vent seems evident from the bombs and 

associated scoriaceous debris found over its surface. There also can 

be little doubt that considerable upward force was exerted at this 
point during one phase of intrusion, since the vent lies beneath the
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apex of the overlying uparched sediments. . : '

The mechanics of ring dike formation are well covered in the 

literature and need not be discussed in detail here. In essence, 

circular fractures are thought to occur due to the influence of deep- 
seated magma reservoirs, above which surfaces of failure develop in 

the country rocks.

According to Anderson (1937), if the hydrostatic pressure in 

a parabolic magma chamber falls below that of the rocks above, a block 

of country rock bounded by circular shear planes will subside over the 

apex of pressure, allowing part of the magma to well up along the 

resultant ring fracture.

If pressure in the reservoir increases over that of the over- 

lying rocks, an outward force is exerted and tension fractures form 
perpendicular to the surface of the parabolic chamber. These fractures 
dip inwardly, toward the top of the chamber, and form circular traces 
on the surface. Intrusion along the fractures forms cone sheets.

Many of the known ring complexes have central volcanics 

(Billings, 1943). Vent agglomerates are common in the Scottish ring 
complexes, and central stocks occur in over half of those known.

The agglomerate of the San Carlos ring dike is not typical of 

diatreme fillings described by Hack (1942), Shoemaker (1956), Williams 

(1936) and others, in that there is no country rock debris intermixed 

with that derived from the underlying magma. The possibility that 

explosive or gas drilling occurred at some stage in the development 
of the vent cannot be ruled out, however, because of the presence of 
typical diatremes nearby. Gas-drilling of an initial vent could hardly
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account for the marked deformation of the overlying beds. Very little 

disturbance of the country rock is noted in the many known diatremes.

On the contrary, sharp contacts are the rule and many cases are cited • 

in which undisturbed bedding abuts volcanic rock, although.one example 

is known (Severs, 1929). in which upthrust beds encircle the base of a 

volcanic vent. This characteristic is ascribed to a punching out or 

drilling of the country rock by high velocity gases.

It is therefore necessary to infer a less violent upward force. 

Stress over a protracted period seems better able to account for the 

doming and fracturing of the basin fill. The inferred upward force 

was probably closely related to or identical with that which formed the 

ring dike, since both features have the same center.

Lack of disturbance of the beds outside the ring points to its 
origin before or contemporaneous with that of the central dome. A 
cone-shaped plug of country rock being lifted by a rising magmatic 
body would tend to behave as a unit and would not deform unless 

differential stresses were set up. Later and. more restricted activity 

at the apex of the igneous body after the cessation of the main uplift

ing force would explain the doming of the detached block.

The possibility must not be overlooked that the ring intrusion 
is a result of the updoming of the central sediments. Intrusion of a 

plug to a level near the surface conceivably could result in the form- . 

ation of a dome or several wedge-shaped blocks of sediment over its 

upper part. At the volcanic vent with surrounding upthrust blocks 
described by Gevers, diabase dikes occur at the bases of the disturbed 

blocks. Their origin is attributed to intrusion along lines of fracture.
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R. L. Smith and others (I960) suggest that radial tension-accompanying 

doming is an alternative mechanism to ring-stoping for the emplace

ment of large ring dikes.
The writer does not favor this idea with regard to the San .. 

Carlos intrusion. Considering the incompetency of the country.rock, 

it appears more likely that a broad domal.uplift with little or no 

faulting around its flanks would have formed, were the ring fracture 

not already present.

During or shortly after the formation of the dome, vent drilling 

occurred at its apex along a line of fracture or zone of tensional 

weakness. If fluidization-type drilling did take place, the character

istic rounded, mixed debris typical of such activity has been buried 

by subsequent quieter extrusion and/or collapse. Staining and alteration 

is confined to those sediments within the ring, indicating a post-dike 
activity of the central vent.

That a crater existed appears likely. The agglomerate does not 

have the positive relief one would expect in a soft country rock, and 

which is exhibited by other vents in the area. It occupies a circular , 

swelling in the small wash which drains through it; although sediment

ary rocks lap onto its borders, the canyon walls slope back at an 

angle that suggests expulsion of the intervening material. It is dif

ficult to reconcile the development of a stream on the.relatively harder 

volcanic rock without assuming the existence of a depression at an 

early stage. In the moist environment that existed during the time of 

intrusion, heating of phreatic waters under pressure could have 
removed the upper portion of the dome by a stream explosion.
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The small vent on the west side probably was drilled along a 

fracture zone related to the updoming forces. It is probable that 

several such smaller vents.existed during the process of dome formation; 
gaseous magma fractions would have moved along fractures as they devel
oped in the overlying rock and doubtless reached the surface in many 

places. The dike on the south side of the ring is probably of the same 
age as the small vent.. Relative vertical displacement of the blocks on 

either side of the dike indicates it's emplacement while the sediments were 

being uplifted.

The sequence of formation of the San Carlos ring structure is 

assumed to have been as follows:

1) Formation of an inward-dipping ring fracture in the basin- 

fill sediments by upward thrusting of a magmatic body.
2) Emplacement of a circular dike along the ring fracture..

3) Cessation of the upward force.
4) Renewal of upthrusting over a smaller area in the central 

portion of the magma chamber. .Intrusion of a small plug or 

pipe-like extension of the main body and the consequent updoming 

of the overlying sediments.

5) Drilling of a vent over the intrusion and possible 

explosive removal of the top of the dome, followed by extrusive 

activity.

6) Filling of most of the vent with agglomerate and angular 

collapse breccia; closing of the final episode of eruption by 

choking of the pipe with extrusive and collapse debris.
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Diatrernes

Diatremes occur in the San Carlos area near the ring intrusion 

already described, near Bylas, and north of Coolidge Dam. They are 
similar to those described by Hack, Williams, and Shoemaker in the 

Navajo and Hopi country of northern Arizona and Utah, and are exposed 

in progressive stages of development by erosion.
Development of a diatreme normally is initiated by the explosive 

or gas-drilling of a vent, which is followed by a relatively quiet 

upwelling of lava and sometimes by fairly extensive extrusion. Subsidence 

of the feeding magmatic body then occurs, possibly due to a lowering 

of its internal pressure by the loss of gas. As the filling plug of 

igneous rock settles progressively lower, the upper part of the vent 

becomes choked with pyroclastic and country rock debris. Collapse of 

the sides of the pipe enlarges the opening to form a funnel-shaped 
depression, which, in a mature diatreme, is filled with bedded tuffs 
(Shoemaker, 1956). Many of the diatremes of the Navajo and Hopi 

country are cut by later intrusions.

Diatremes: Bylas diatreme
This diatreme is located approximately 1.8 miles east of 

Bylas on Highway 70 (PI. l). Only a few hundred feet from the highway,

It is skirted by a dirt road and,is easily accessible. Topographically, 

it forms a small hill, locally known as Black Point, which stands 

prominently above the south edge of the Gila floodplain (PI. 11, fig. l). 

It forms a resistant outlier of the basin-fill sediments and is 

separated from them by a road cut.
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The main body of the diatreme is approximately circular with an 

average diameter of 1100 feet. A small outlier on the north side is 

200 feet from the main body. The inner alluvial fill of the Gila on 

the east side and a dry wash on the west give the diatreme a maximum 

local relief of 100 feet. It is roughly level on its upper surface 

and is generally steep sided. A basalt ridge along the west side forms 

the highest points on the hill.

Bedded tuffs and included pyroclastic and sedimentary debris 

make up the bulk of the diatreme (Fig. 9). A set of basalt dikes has 

cut these rocks and forms an enclosing barrier to erosion on three 

sides of the hill. While portions of the dikes curve around the out

crop area, others clearly intersect and so do not constitute a ring 

dike. They form, rather, a "polygon dike." Smaller dikes and stringers 
of basalt have intruded the sediments in several places.

Tuffs are for the most part greenish-gray with abundant inclusions 
of basalt and scoria. Fragments range from sand size to one or two 

feet in diameter. Very little rounding was noted and almost all are 

angular to subangular. Sorting is variable; layers of well sorted 

tuff alternate with layers of very poorly sorted debris. Bedding is 

likewise difficult to recognize in some places and in others is quite 
evident. Along the east side of the diatreme bedding planes are well 

exposed and are easily recognizable due to color banding. The tuffs are 
poorly consolidated and form crumbly, moderately steep slopes.

Sediments included in the tuffs are typical lake bed clays and 

silts, with no apparent alteration and in many cases with bedding intact.



PLATE 11

Figure 1.

Figure 2.

BYLAS DIATREME

View from south, showing contact with basin 
fill beds.

Large inclusion of siltstone in the vent filling 
East side of diatreme.
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Fragments are somewhat more rounded than those of volcanic rock; they 

do not, however, have the well-rounded aspect characteristic of either 

long-distance transport or of gas drilling. These were probably blocks 
of country rock which were incorporated into the pyroclastic sediments 

during subsidence of the intruding neck. A stringer-like pod of sedi

ment varying from one to two and a half feet in width extends most of 

the vertical distance along the east slope of the diatreme (PI. 11, 

fig. 2). This block of sediment was involved in fault movement of the 

adjacent blocks of tuff, and appears to have acted as a lubricant between 

them. It has a foliated, "schlier" aspect and marks the fault plane. 

Blocks of sediment 20 to 25 feet long crop out along the western side 

near the intersection of two dikes. These blocks show alteration and 

deformation, and are related to the later basalt intrusions rather than 
to the formation and filling of the diatreme. A thirty foot block of 

bedded sediment on the south edge of the diatreme lies outside the dike 

and is associated with a coarse agglomerate. This outcrop may represent 

part of the original]y incorporated sediment that was not drawn down 

with the subsidence of the neck.

Basaltic dikes border the southern half and the western side of 

the diatreme. Another crops out at the northeastern corner and trends 

about S. 60° W. across the hill to intersect the dike on the west side.

The southern dike appears to curve around a ninety degree angle to paral

lel the northern one; it is probable that this curve is really an inter

section of two dikes which is not apparent in outcrop. The dike rock is 
predominantly a dense, highly fractured basalt with closely spaced joints. 

Contacts are sharp where exposed. On the east side of the diatreme tuff
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beds abut the basalt and are vertical at the contact, where the basalt 

forms a sharply projecting ledge. At a few feet from the contact they 

dip steeply away and dips become gentler with distance from the basalt.

The tuff beds are slightly baked but otherwise show no visible alteration 

along the contact. Similar contacts can be seen at various points along 

the northern side of the hill. Basin-fill beds are in contact with the 

dike rock of the west side. Several large blocks and many small fragments 

of bedded clays, limestones, and silts are there exposed in the talus 

slope. One large block shows progressively increasing deformation as the 

dike is approached, until it becomes fractured and crushed at the contact. 

Deformational effects extend 25 feet out from the basalt. All the sedi

ments in this vicinity show some degree of silicification and baking; most 

have a greenish color near the contact and many limestone fragments con
tain siliceous nodules. South of the diatreme and presumably in contact 
with the dike on that side are undisturbed basin-fill beds. The actual 
contact is masked by gravel in this area, but beds are essentially hori

zontal a short distance from the contact zone. Likewise, undisturbed 

sediments lie 200 feet across the wash on the west side.

Attitudes of the dikes are probably inwardly dipping. This is 
demonstrable in the dike which traverses the north part of the diatreme; 
where it crosses the head of a small draw on the northwest corner it can 

be seen to dip to the south at an angle of about sixty degrees. A well 

developed set of shear joints parallels the trend of each of the dikes.
Thicknesses of the dikes vary. The one which crops out on the 

northeastern comer maintains a uniform width of outcrop of about 40 feet 
along level ground. The other, curving, dikes pinch and swell and appear
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to be considerably wider than outcrops along the ridges indicate. The 

prong-like southward extension on the southeastern corner appears to be 

a separate dike; the area between it and the upper dike is entirely 

covered with basaltic rubble, however, and it is possible that they are 

separate outcrops of the same dike. Indeed, a narrow area of the lower 

dike extends partway up the slope toward the upper one a hundred fifty 

feet from the point of juncture. The entire south and west perimeter of 

the diatreme is similarly masked by dike-derived debris. A large swelling 

in the west dike crops out at the edge of the alluvium on the northwest 

comer. It is cut by a set of synclinally curving, inward dipping joints 

on the west face which gives it a columnar appearance where intersected 

by a set of radial joints. A small knob north of the road which skirts 

the north end of the diatreme is an extension of this mass.

Smaller dikes and masses of basalt occur throughout the tuff beds. 
A narrow, steeply dipping dike crops out in tuffs on the east side. In 
the draw on the north face of the hill a "rolling" sill has been cut 
through by erosion and crops out along the side and at two places in the 

bottom of the draw. Blocks of tuff have been incorporated and carried 

along by some of these small intrusions to give them an agglomeratic ap

pearance. A small knob of this agglomerate-like rock crops out just south 
of the main body of the diatreme, sandwiched between two layers of normal 

basalt. Two other similar masses in this vicinity appear to be true ag

glomerates and may be relict from the eruptive stage of the diatreme.
Attitudes of the tuff beds, where discernible, are extremely 

variable. Along the east and north sides the predominate direction is
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inward; there are abrupt variations everywhere, however, which are caused 

by undetected faults in the tuffs. Almost the entire area of tuff out

crop is masked by talus, and no actual fault traces were detected. There 

is enough variation in attitude between tuff beds on opposite sides of 

dikes to indicate that displacement was probably caused by intrusion of 

the basalt.

An erosion surface, which matches that of the neighboring basin- 

fill beds, is cut on the top of the diatreme and is covered with the 

Pleistocene (?) gravel found everywhere in the valley.

The diatreme just described is believed to represent an advanced 

stage of development, during which pyroclastic debris extruded from the 

vent was washed in by stream action to fill the crater. Subsidence of 

the lava neck probably caused collapse of the surrounding walls and in
clusion of bedded sediments with the tuff and agglomerate. Later, quieter 
activity of the lava column faulted and displaced the overlying beds and 
emplaced dikes and apophyses along the fractures. The semicircular out

crop pattern of the dikes probably reflects the original funnel shape of 
the diatreme. If this is so, the full diameter of the diatreme is prob

ably represented by the present erosional remnant and only a small portion 

of the north and western sides has been eroded away. There is no present 
evidence of surface extrusion from this vent.

Diatremes: Triplets Wash diatreme
This diatreme is located 2.5 miles south of the ring dike previously 

discussed and is exposed in the face of the cliffs which border the Gila 
River inner alluvial fill on the north. Roughly half of its circumference 
has been uncovered by lateral erosion of the river. The rest is concealed



PLATE 12
TRIPLETS WASH DIATREME

Figure 1. View from south. Alluvial gravels overlie the 
dike rocks to the east.

Figure 2. Central breccia pipe. Coarse sedimentary and igneous 
blocks in a tuff matrix.
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by basin-fill beds and forms an inconspicuous boss when viewed from the 

opposite side of the river. A graded dirt pipeline road passes near it 

and connects with Highway 70 (PI. 1).
The Triplets Wash diatreme is approximately elliptical in shape, 

with a major axis of 500 feet Mid a minor axis of 350 feet. It stands 

about 115 feet above the floodplain of the Gila and forms a steep sided 

hill with prominent spires of coarse agglomerate (PI. 12, fig. l). The 

highest of these spires, although it stands approximately fifty feet 

above its base, does not extend above the pediment level and hence is not; 

conspicuous when viewed from a distance. The diatreme itself has been 

bevelled by the pediment surface and is covered in part by the Pleistocene (?) 

gravel capping.

The diatreme is composed of volcanic agglomerate and tuff, which 
is cut by basalt in irregular stringers and in several dikes, some of 

which partially enclose the tuffs (Fig. 10). Fragments of basalt and sedi

ments occur throughout the agglomerate; in some areas a fine-grained, well 

sorted tuff appears, but sorting in general is poor and the composition is 

mixed. Bedding is equally poor; it is detectable with certainty only in a 

few places, notably in the northwest quadrant, and dips inward toward the 
center.

Some coarse sand-size grains of subangular feldspar and quartz 

occur in the tuffs, but these amount to only a trace and the rock is com

posed predominantly of ash and larger inclusions. Basalt fragments are 

angular to subangular and average between g inch and 2 inches in size.

Around the outer portions of the diatreme fragments up,to 1 foot were seen.
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Sedimentary debris is widespread in the tuffs. Fragments are 

generally more rounded but have approximately the same size range as the 

basalt fragments. Subangular fragments ranging up to 10 inches were noted 
in the bordering tuffs. Several large blocks of sediment are incorporated 

in the tuff and agglomerate. On the southwest face of the hill a block 

35 feet long is associated with crudely stratified agglomerate. These 

sediments are highly altered and silicified, probably by an adjacent 

basaltic dike. Near the basin-fill contact on the northwest corner a 

10 inch thick ledge of tuffaceous sandstone is sandwiched between two 

layers of agglomerate.

A large pillar of agglomerate located slightly south of the center 

of the diatreme is composed of coarse pyroclastic and sedimentary debris 

and represents the main pipe', which was filled by collapse breccia (PI. 12, 
fig. 2). The average size of fragments in this pillar is one foot, and 

many angular fragments of four feet and larger protrude from its sides.

The coarser fragments are held in a matrix of lapillae and ash. There is 

no sorting and volcanics and sediments are jumbled together in an unstrati

fied pile. Two other, smaller pillars nearby are made up of the normal 

agglomeratic facies without the coarse debris; thus, the throat appears to 
have been closely limited in its extent.

Dikes of basalt partially enclose the diatreme. A north-trending, 

inwardly dipping dike borders the tuffs on the east side and is in con

tact with the basin-fill beds (PI. 16, fig. 2). The contact is sharp and 

the silts and clays are disturbed from six inches to a foot from the 

basalt. A friction zone next to the dike has a foliation paralleling the
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contact. Thickness of the dike is about twenty feet and is fairly uni

form over its exposed extent. Blocks of agglomerate have been included in 
the dike near its upper end.

On the west side a dike trending N. 20° W. crops out along the side 

of the diatreme. Its attitude remains constant, but it appears to curve 

around the diatreme in outcrop because of topographic variation. It is 

inwardly dipping at 50 to 65 degrees and is in contact with lake beds 

along the west face. It is ten to twenty feet thick around the southwest 

edge but thins to four or five feet on the northwest face. It appears to 

extend beneath the capping gravel in that vicinity. Several blocks of 

altered sediment occur inside the perimeter of the dike along the south
west face.

Numerous smaller dikes intrude the tuffs over the entire diatreme.
A wide zone of basalt outcrop, interspersed with basaltic rubble, trends 

slightly south of east away from the center of the diatreme in what appears 

to be an area of intrusion by several thin dikes. The zone is about 75 

feet wide and its predominant dip is 80 degrees "southward. It is cut off 

at its northwest end by a westward dipping dike which trends slightly east 

of north. A third dike set trends E-W and dips 45 degrees north, and con

nects with the western bounding dike. Stringers and apophyses cut the 

tuffs into a complex pattern. Many blocks of tuff and agglomerate have 

been surrounded and isolated by the basalt. Much of it shows signs of 

bleaching or baking but defonnational effects are not widespread. The 

agglomerate-filled pipe of the diatreme is shot through with veins of - 
basalt in several directions.
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Structure within the diatreme is difficult to determine. A 

reversal of dip at the northwest corner indicates an underlying fault, 

but no trace of it could be found on the surface. Dikes were probably 

emplaced along planes of weakness. The bounding dikes reflect the ori

ginal funnel shape of the diatreme; the other, smaller dikes intruded 

along faults which developed as a result of upthrusting of the lava 

column, after filling of the crater was complete or nearly complete.

The pediment surface extends from the basin fill over the diatreme 

and it is covered by approximately 25 feet of capping gravel. Talus de

rived from the gravel and from weathering dikes has obscured a large part 

of the diatreme surface.

The Triplets Wash diatreme represents a deeper level of dissection 
than does the Bylas diatreme. Lack of stratification over most of it and 

poor sorting of tuffs point to rapid infilling of the crater by surrounding 

pyroclastics shortly after withdrawal of the lava column. At a deeper 
level the tuffs presumable give way entirely to a vent filling composed of 

large angular blocks of country rock and basalt, similar to that of the 
central pipe at the present level. Original emplacement occurred at a 

level considerably higher than the present one and before pedimentation of 

the surrounding basin-fill beds.

Diatremes: Ruin Vent .

This feature is here described as a probable diatreme partly be

cause of its small areal extent and intrusive relations and partly because 

of its location, with respect to diatremes across the river. It is situ

ated directly across the Gila from Triplets Wash diatreme and crops out as



PLATE 13

RUIN VENT

Figure 1. Profile view from west. Alluvial gravel does 
not overlie the volcanic rocks.

Figure 2. Oblique aerial view from north. Vent has been
dissected by drainage. The lava flow on the west 
side crops out as a ledge.
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a group of low, rounded lava hills on the pediment surface about a mile 

south of the Coolidge Dam road. It can be reached in field vehicles by 

driving down the wash which skirts its east edge (PI. 1).
The area of outcrop is roughly circular and about 36OO feet in 

diameter. Dissection has broken the lava dome into several isolated hills 

(PI. 13, fig. 2). It is possible that more than one vent existed, but the 

smaller hills appear to be parts of a mushroom-shaped surface extension 
from a central pipe, represented by the highest and largest hill. The 

largest and central hill of the group rises 50 feet above the pediment at 

its peak (PI. 13, fig. 1).

The lava dome is composed of broken blocks of highly scoriaceous 

basaltic lava which weathers to a brick red color and stains the surround

ing sediments for some distance. Vesicles range, up to an inch in diameter 

and haVe an average size of 3-4 mm. Fragments are of varying size, the 
largest measuring about five feet. Pahoehoe structures and cooling cracks 

occur in many of the blocks. Bombs up to five feet long were observed, 
many of which have impact structures on one side and a scoriaceous texture 

on the other (PI. 14, fig. l). Near the tops of the two largest hills 
a few bombs appear to be intact; most of the fragments observed, however, 

are broken and weathered, and a powdery red soil covers part of the sur

face of all the hills.

Contacts with the basin fill are indefinite around the edges of 

the vent. A few small outcrops in the wash on the east side and in the 

small gulches draining the north side are poorly exposed and do not demon
strate intrusive relations. Silts intermingle with scoriaceous debris 

along the lower slopes of the two larger hills. An animal burrow some
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fifty feet in from the southeast edge of the central hill is in soft 

sediments. The actual contact therefore is somewhere under the lower 

third of the hills and has been covered by weathering talus.

A low, elongated ridge is exposed a few hundred feet west of the 

lava dome hills. Here a denser and darker basalt lies on tuff beds and 

crops out along the side of a wash which borders it on the west (PI. 13, 

fig. 2), The contact is irregular and in several places the tuff beds 

have been buckled and sheared by the lava. Normally a buff-gray, the tuff 

has been stained a light yellow for a distance of four feet from the con

tact. From the contact to the top of the ridge about twenty feet of 

basalt can be measured. This part of the Ruin vent appears to be a flow. 

In a number of specimens examined along the wash in which it is exposed, 

a preferred orientation of vesicles was observed. The top of the ridge is 

at about the same elevation as the bases of the hills to the east. The 

basalt of this outcrop probably represents a surface flow whichwas ex

truded from the vent, possibly from beneath the lava dome. Subrounded to 

subangular boulders of basalt cover the surface of the flow and tan silt 

fills the cavities and fractures in it. Pleistocene (?) gravel is scat

tered sparsely over the surface.

The tuffs onto which the flow was extruded are continuous for a 

mile to the west. At the flow contact they have an eastward dip of 20°. 

North of the vent they are present in the washes, with an average dip of 

10°E. Similar tuffs are found g mile to the east of the vent area. Fair 

sorting and well developed bedding suggest that they were deposited in 
water. An interfingering relationship with normal basin-fill beds can be 

demonstrated at several localities.



PLATE 14

ERUPTIVE FEATURES AT RUIN VENT

Figure 1. Bomb, showing cooling cracks. Similar bombs are 
abundant over the highest part of the vent.

Figure 2. Tuff beds interfingering with silt and sand, in 
wash which skirts east side of vent.
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In the wash which skirts the east side of the Ruin vent are several 

good exposures of tuff. Just east of the northernmost occurrence of lava,

15 feet of greenish-gray tuff and agglomerate, containing unsorted lapillae 

and scoriaceous bombs of basalt up to 6 inches in size, crops out. Thin 

(£ inch) layers of well sorted and stratified tuff and sand alternate with 

thicker layers of unstratified pyroclastic debris. The beds dip slightly 

to the east.

A few hundred yards downstream, tuffs and agglomerate overlie lake 

beds. The contact is transitional, grading from normal sands upward to 

tuffs. Lapillae are fewer and smaller at this locality; fragments l-j? 

inch in diameter were the largest seen. Several 4-6 inch beds of sand 

and silt interfinger with the pyroclastics (PI. 14, fig. 2). Pleistocene (?) 

gravel lies unconformably over this exposure.

No capping gravel occurs on the Ruin vent. Exotic rocks are not 
entirely absent, however. On the two higher .hills a number of cobbles 

were found. These are not believed to be part of a gravel cover for the 
following reasons:

1) They are localized around the sites of Indian structures, 

two of which occur as ruins on the higher hilltops.
2) They are all fine grained, dense rocks, suitable for flaking, 

or are massive granite, which may have been used as tools or 

anvils. Many are a brownish chert and there is an abundance of 

amorphous silica-rich rocks.

3) The hillsides are scattered with small chips similar to those 
derived from artifact manufacture.
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4) Most of the larger cobbles shew signs of working.

5) Most are of a size or shape convenient to handle, except 

those that are chipped.
6) Many exotic rocks partially buried in the soil are not as 

deeply buried as are probable artifacts.

It is believed, therefore, that the Ruin vent proper was never 

covered by a gravel capping. Neither is it likely that it was buried by 

basin-fill or alluvial sediments. The highly scoriaceous texture common 

everywhere in the vent shows no evidence of residual fines. Similar 

rocks in the Recent wash bottoms contain clastic particles in vesicle 

structures. Since many of these particles are tightly wedged into in

dividual vesicles, they would not easily be removed by stream action.

That the Ruin vent is the relatively undissected top of a diatreme 

seems probable in view of Hack's (1942) description of such diatremes in 
the Hopi Buttes. He states, "In many places the initial explosion pit 
is overlain by domes of lava which have pushed outward, spilling over the 

sides, crumpling and pushing out the underlying and bordering tuffs and 

sediments." The tuffs on which the lava of the Ruin vent was deposited 

probably represent earlier extrusion products that were deposited over 

the adjacent surface. Although a well defined pediment surface occurs 

atop erosional remnants of these tuffs, it does not appear that the gravel 

capping was present at the time of lava extrusion; neither does it appear 

that the vent was ever buried. Since the beds into which the vent was 

emplaced are low in the local stratigraphic column, emplacement must have 

come when the present cycle of pedimentation was well advanced.



88
The process of development is thought to have been as follows: 

l) Explosive drilling of a vent and development of a basin-like 

crater.
- 2) Cessation or near-cessation of eruptive activity and deposition

of pyroclastic debris by streams in intermittent ponds of standing 

water within the basin.
3) Bevelling of these deposits to match the preexisting pediment 

surface. \

k) Extrusion of lava from the vent. - . :

5) Dissection of the pediment and lava dome.

The Ruin vent is therefore concluded to be of fairly recent age 

and to represent the upper, relatively undissected portion of a diatreme 

in which the lava column did not undergo subsidence.
Diatremes: Salt Creek diatreme j

This diatreme is located approximately ^ mile north of U. S.

Highway 70 and 1500 feet east of Salt Creek (PI. l). A ranch road leads 

across the creek and into the tributary canyon which drains the diatreme. 

The surrounding topography is highly dissected and is formed predominantly 

on resistant white.limestone units. The diatreme rocks crop out in a 

circular basin-like area entirely surrounded by ledges of limestone (Fig. 

11).

The Salt Creek diatreme is nearly circular and is eleven to twelve 

hundred feet in diameter. Maximum relief is approximately fifty feet; its 

surface is irregular and reflects the internal structure of the vent. Two 

small washes trending.E-W drain the outcrop area and empty into Salt Creek.
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The rock filling the vent is a greenish-brown tuff-agglomerate 

with layers of coarser agglomerate interbedded. Stratification is well 
developed and sorting is better than that of the Bylas diatreme. Inclu

sions of sedimentary, volcanic and basement rock are scattered throughout 

the tuffs but are less abundant than in other diatremes noted. Except 
where locally disturbed, the strata are inclined toward the center of the 

pipe with generally decreasing dips (PI. 15, fig. l).
Angular to subangular fragments of red-brown and black scoriaceous 

basalt are common in the agglomerate. A few fragments as large as 6 inches 

were observed; most, however, are no more than one to two inches in di

ameter. The bulk of the vent filling is made up of angular, scoriaceous 

particles from l/l6 to g inch in diameter tightly cemented in a matrix of 

tuff. Within individual beds there is little or no stratification; con
tacts between beds are marked, however, and attitudes are easily determined. 

Thicknesses of strata range from one inch to four feet, with an average 
value of one foot. Along the wash in the south of the diatreme thin, well 

defined beds of tuff are exposed. Over most of the outcrop alternating 

fine and coarse beds are the rule and there appears to be no pattern of 

lateral distribution.
Fragments of gneissoid rhyolite believed to be derived from the 

basement are imbedded in the tuffs over their entire area but with a 

sparse distribution. Several blocks one foot in diameter are in place in 

the bed of the south wash. Most fragments are four inches or less in 

diameter and are subrounded to subangular (PI. 15, fig. 2). Smaller and 

more angular fragments occur in the agglomerates as pink to white grains.

L



PLATE 15

SALT CREEK DIATREME

Figure 1. Inwardly dipping tuff beds on west side of vent.

Figure 2. Stratified tuff of the vent filling. Inclusions
of sedimentary, volcanic, and metamorphic rock are 
abundant.
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Specimens extracted from the matrix in the south-central area are 

composed of white to rusty red felsite. A well-developed banding is ex

hibited in some specimens; others have a sheared and granulated aspect.

The rock fractures conchoidally and is extremely hard. All fragments ob

served were rounded to a degree, but low sphericity values indicate that 

original shapes were irregular.

Banded specimens are made up of alternating layers of white and 
purplish-red, very fine-grained quartz. The bands show a remarkable sub

parallelism and thicknesses are fairly uniform. The thinnest are less 

than 1 mm and the thickest about 1 cm wide, the white rock being generally 

thicker than the purplish-red. Granulation in the lighter-colored bands 

indicates that the relatively competent reddish bands moved along the 

plane of foliation and the white quartz was sheared between them.
Reddish bands have in several specimens been sheared and deformed. 

Angular, elongated fragments of lighter quartz form a breccia-like matrix 
for the red, denser rock. Grains are elongated in the plane of foliation 
and many appear to have been rolled; detached fragments of the darker 

material are included in the granular groundmass as dark red-brown parti

cles with long axes in the plane of foliation. A high degree of cementa

tion gives the reddish rock a chert-like lustre.

Sedimentary inclusions are somewhat scarcer than at the By las and 

Triplets Wash diatremes. Specimens collected are well rounded and consist 

mainly of reddish silt and fine sandstone, a lithology more typical of the 

"red facies" than of the white limestone into which the Salt Creek dia- 

treme is emplaced. Imbedded fragments are two to six inches in size.
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Small areas of the surface of the diatreme are covered with sedimentary 

debris. Two fifty-foot square areas slightly north of the south wash are 
blanketed with a layer of silty limestone rubble in blocks of six inches 

to a foot. Tuff beds crop out beneath them and they form a thin, yellow- 

red veneer over the tops of two rounded hills.

Attitudes within the diatreme are inwardly dipping and tangential

ly striking. Bedding planes form conspicuous resistant hogbacks in the 

southwest part of the vent and attitudes can be determined with consider

able accuracy everywhere. The overall pattern is a series of nested and 

inverted cones, steeper around the outer edges and gentler toward the 

center. Shoemaker (1956) states that dips in the Navajo and Hopi tuffs 

generally increase with depth. It is probable that the more gently dipping 

"topset" beds of this diatreme truncated the steeper dipping "foreset” 
beds around the outer edges and that they are stratigraphically higher, as 

well as later in time of deposition. The general aspect of the presently 
exposed level of the diatreme indicates that it is relatively high in the 

pipe and near the original surface to which it was drilled. There are, 

however, no interbedded sediments such as those found in the upper por

tions of the Hopi and Navajo diatremes. Neither can the flatter, higher 

beds near the center be taken to reflect a decreasing local gradient; they 

may have had their steeper flanking beds at a higher, eroded level.

Local variations in attitudes are due to movement within the tuffs. 

A flat-topped hill in the southwest part of the outcrop contains beds 

that dip outward. A rubbly zone covers the fault line on the north and 

relations with the inwardly dipping beds to the southwest are masked by
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debris and soil. South and slightly east of this hill a fracture zone 

is exposed in the side of a wash. Two main faults strike north and dip 
steeply east; beds between them show dragging effects and those on the 
east side curve from the normal tangential strike to parallel the fault.

No hydrothermal effects are evident along the.fault trace and movement is 

assumed to be due to subsidence of the vent filling. Numerous other small 

fractures and contorted zones occur over the entire outcrop area. A fifty- 

foot mass of crushed and broken agglomerate is exposed at the head of the 

north wash. Similar, smaller masses can be seen in the sides of both 

washes, where they are usually associated with some deviation in attitude 

of bedding. Such zones are difficult to define and are not mapped. They 

probably are fault breccias related to the downward movement of the tuff 
blocks.

Contacts between the vent filling and the basin fill are well 

defined. For the most part, they are concealed by sedimentary rubble but 
can be accurately delimited to within a yard. In both washes contacts are 
well exposed. A ledge of agglomerate dips at 60° toward the center in the 

north wash; essentially horizontal, undisturbed sediments are separated 

from it by a small gully two feet wide. The exposure in the south wash 
likewise shows horizontal sediments in near-contact with agglomerate (PI. 

16, fig. 1). No disturbance or alteration of sedimentary beds was noted 

anywhere around the perimeter of the vent.

The Salt Creek diatreme represents a mature stage of development 

with a relatively shallow depth of erosion. Inwardly dipping, well-bedded 

tuffs and agglomerates fill the funnel-shaped top of a vent which probably
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narrows and steepens with depth. Deposition within the vent was by streams 

from the surrounding cinder cone or tuff ring, in small intermittent bodies 

of standing water. Continued subsidence of the intruding neck caused 

faulting and deformation in the overlying beds. No large sedimentary 

blocks occur at the exposed level because of the lack of relief near the 

top of the pipe. Smaller sedimentary fragments were probably carried up 

from a lower level by the gas-drilling process which formed the vent.

That a fluidization, or high velocity gas, process opened the vent is evi

denced by included fragments of rounded basement rock, which were force

fully ejected by the first phase of eruption and returned by inwash at a 

much later time. There is no evidence of a surface extrusive phase from 
the vent.

Time of emplacement is unknown. Although higher stratigraphically 
than the other described diatrernes, the Salt Creek diatreme is not eroded 

as deeply as the Triplets Wash and Bylas pipes and therefore may be ap

proximately contemporaneous,

Diatremes: Discussion

Various stages of diatreme development are represented by the San 

Carlos examples. At least one, the Ruin vent, was emplaced fairly re

cently, atop the bevelled pediment surface, with no subsequent subsidence 

and infilling of the vent. The Triplets Wash and Bylas diatremes were 

filled with their own pyroclastic debris after withdrawal of the feeding 

magma; lack of stratification and the presence of a central pipe in the 
Triplets Wash diatreme indicates that it has been eroded to a somewhat 

deeper level than the Bylas diatreme. Almost complete infilling of the

L



PLATE 16

Figure 1.

CONTACT RELATIONSHIPS BETWEEN DIATREMES 
AND THE BASIN FILL

Contact between vent filling and horizontal 
limestone beds at Salt Creek diatreme.

Figure 2. Contact between basalt dike and siltstone on 
east side of Triplets Wash diatreme.
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crater is exemplified in the Salt Creek diatreme. Lack of intrusives in 

the tuffs shows that it did not undergo a later stage of activity as did 
both the Triplets Wash and the Bylas vents.

That extrusive processes were active over an extended period is 

indicated by the time which elapsed between emplacements of the diatremes. 

The Bylas and Triplets Wash diatremes are truncated and overlain by 

Pleistocene (?) gravel; they were emplaced at a considerably higher level 

than the present one and possibly before or at an early stage of pediment- 

ation. The Ruin vent, on the other hand, was intruded when pedimentation 

was nearly at its present stage.

The ring intrusion indicates upward pressure from a deep magma 

body of fair proportions. The ring is considered to be earlier than the 

vent which it encloses. Relatively quiet extrusion of lava produced sur
face flows of probable limited extent. Later subsidence of the lava pipe 
caused collapse of the overlying volcanics into the vent. Domed sediments 
around the vent are the result of upward stresses from a viscous magmatic 

mass of smaller extent than that which produced the ring fracture.

Petrographic studies (Appendix B) of vent fillings from the San 

Carlos diatremes show the fine matrices to be composed of angular frag

ments of quartz, feldspar, mica, and basalt. In thin sections from the 

Triplets Wash diatreme a brecciated texture was noted, in which a calcite 

matrix isolated individual grains.

Dike rocks are olivine basalts with titanium-rich augite. Normal 

augite was seen only in thin sections from the Ruin vent. Plagioclase 

microlites are labradorite (Am^), and the olivine is forsterite (Fo^q )•
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In addition to those described in detail, other diatremes occur 

in the basin fill. There are doubtless many occurrences which are covered 
by the pediment capping gravel or which were not discovered in this study. 

The occurrence of typical vent filling breccia as float in Triplets Wash 

indicates the presence of a diatreme or diatremes in that area. Small 

diatreme vents may occur in association with the tabular breccia bodies 

previously described; the bodies.themselves, although they exhibit the 

characteristic fluidized aspect of diatreme breccias, are not considered 

to be diatreme deposits because of their lack of a pipe-like form.

A small diatreme occurs in the boundary zone between the Hayes 

Mountains and the basin fill, one quarter-mile west of the Coolidge Dam 

road in Sec..4, T. 3 S., R. 18 E. A neck composed of poorly stratified 

tuff and breccia stands above the surrounding basin fill about l/3 mile 
south of the ring intrusion. It is approximately 400 feet in diameter 

and is similar in character to the Triplets Wash diatreme.

It is interesting to note the similarity of occurrences of 

peperite bodies, as described by Carozzi (i960, p. 86-92), and the vent 

fillings of the San Carlos diatremes, i. e., sublacustrine volcanism; 

peperites, however, form from the mixing of viscous magmas with uncon

solidated lake sediments, and the resulting breccia is glassy.



STRUCTURE 
Regional Structure

The Safford and San Carlos Valleys occupy a structural trough 

formed by relative uplift of the bounding mountain ranges and depression 

of the enclosed valley blocks. Boundary faults between the blocks of 

the Safford Valley strike northwest (Bromfield and Shride, 1956, p. 629)0 

These faults have largely been obscured by basin fill and by alluvium 

from the mountains, and their existence over the greater length of the 

valley is inferred.

The thick accumulation of shallow-water sediments in the Safford 

area (Van Horn, 1957) implies a continuous downward subsidence of the 
valley block during deposition of the basin fill. Valleyward dipping 
boundary faults would allow such a relative displacement under a regional 

tensional stress field (Thompson, 1959).
Van Horn (1957, p. 32) reports the upper portion of the basin- 

fill sediments near Safford to be in depositional contact with the Gila 

Mountains, and concludes that the basin fill was deposited after the 

cessation of faulting. This relationship is true of the San Carlos area 

where contacts are exposed.

In the area along the Coolidge Dam road 2.5 to 4 miles east of 

the dam, southward dipping gravel and silt beds on the flank of the Mescal 

Mountains are separated from northward dipping silt and limestone by a 

200 foot wide wash. These beds appear to represent an area of inter- 
fingering between coarser flanking elastics and finer basin fill. The

99
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coarser beds against the mountain dip southward at 16° to 23° and strike 

parallel to the mountain front. That there was a .large-scale slump move

ment along the front of the Mescals seems evident; whether its cause was 

structural and subsequent to boundary fault movement, or erosional and 

due to more rapid downcutting of the finer grained, valleyward sediment, 

is not clear.

Fine-grained basin-fill beds in the area 2 to 5 miles east of 
Coolidge Dam exhibit a steep topography which is not evident in other 

parts of the basin. Vertical canyon walls and incised meanders point to 

the possibility of rejuvenation of the local streams. In at least one 

canyon, hanging tributary valleys occur.

While most of the basin-fill deposits lie in depositional con

tact upon the rocks of the bounding mountains, it appears that slight 

post-depositional movements between valley and mountain blocks may have 

occurred in the area described above.

About 1.5 miles north of Coolidge Dam is a sharp.contact between 

intrusive rocks of the Hayes Mountains and the gravel and silt of the 

basin fill. A 500 foot thick sequence of hard white siltstone dips verti

cally and strikes parallel to the mountain front in the contact zone. The 

small diatreme in this area, previously described, is intruded into this 

zone. . .

Structures Within^ the Basin Fill

Structural disturbances in the form of faults, flexures, and mass 
movements under the influence of gravity are recorded in the sediments of 

the basin fill. Schwennesen (1921) noted the existence of slightly folded
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and faulted beds ih the Gila-San Carlos confluence and mapped a small 

fault near one of the mesas north of Coolidge Dam.
Attitudes within the basin-fill sediments are generally nearly 

horizontal, with a slight dip (interpreted as initial dip) toward the 

valley axis. Slight variations from this norm occur throughout the area. 

Variations in dip are very small and broad warps are difficult to detect. 

In the "white facies" area local variations in attitude are common, and 
most of these are interpreted as being caused by loading of the beds with 

thick pyroclastic and extrusive sequences. A section of the "red facies" 

east of Coolidge Dam and west of the Ruin vent dips more steeply than the 

rest of the redbeds on the south side and may represent uplift or tilting 

of that section. Deep, vertically-walled canyons k miles east of Coolidge 
Dam are anomalous with the rest of the south side of the valley and point 

to rejuvenation by uplift.
A limestone block about 1 mile square is faulted against sediments 

of the "red facies" (PI. 1?) on the south side of San Carlos Reservoir, 
slightly to the east of the San Carlos River (Stratigraphic Section 10). 

This block forms a resistant point which juts into the Gila floodplain, 

and dips southward at 4° to 6°. It is composed almost entirely of beds 

of white limestone which vary in strike from N. 10° W. to N. 25° W. The 

fault contact as exposed in a wash on the west side of the block is sharp 

and essentially vertical. The limestone beds are bent downward for ap

proximately 10 feet from the contact. The strike of the redbeds near the 

contact is S. 35° E. and the dip 6°S.; the limestones strike N. 20° E. 

and dip 4°S. The limestone can be traced to the east across the pediment



PLATE 17

Faulted contact of limestone and redbeds near mouth of San 
Carlos River. On south side of San Carlos Reservoir, looking 
south.
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surface and can be seen to disappear at the heads of gullies which dissect 

it. It is not found in the hills to the south.
A similar limestone block crops out in the area west of the San 

Carlos and north of the reservoir (Stratigraphic Section 8). This block 

rises from the low area near the river as a prominent, elongated hump 

(PI. 21, fig. 2). .Vertical cliffs on the east side, at the San Carlos 

floodplain, expose a sedimentary section similar to that in Stratigraphic 

Section 10, across the reservoir. No gravel capping overlies the lime

stone and the hill stands above the smoothly pedimented surface of adja

cent redbeds. Beds within the block dip generally northward. A large 

slump block lies against the south side of the hill. A hundred yards 

south of the limestone block are sediments of the "red facies” which are 
covered by Pleistocene(?) gravel. The relationship between the two lith

ologies is not clear; it probably is one of facies change, however, since 

limestone beds occur in the washes to the west and appear to pinch out in 

that direction.
North of the reservoir and on the east side of the mouth of the 

San Carlos is a wide area of gently warped and slightly faulted limestones. 

These beds form a prong which projects southward into the reservoir and 

overlaps the northern extension of the fault block on the south side.

They dip gently northward and just north of the Southern Pacific railroad 

tracks are overlain by reddish sand and silty clay beds. The silty clay 

beds are preserved in several flat-topped hills by a capping of pediment 

gravel. The hills extend northward along a line paralleling the San Car

los River and redbeds are exposed in a cut on Highway 70 about 2 miles 
east of the river.



A N. 25° W. structural trend can be detected on aerial photo

graphs of the northeast corner of the confluence of the Gila and San 
Carlos Rivers. This trend was interpreted at an early stage of the pre

sent work as a fault zone of considerable magnitude (Marlowe, 1960a); it 
appears, however, to reflect only slight flexing of the limestone beds 

along a line approximately parallel to the trend of the lower reach of 

the San Carlos.
The areal coincidence of the two limestone blocks on opposite 

sides of the Gila with the limestones of the "white facies" suggest 

structural adjustment in the vicinity of intersection of the San Carlos 

Valley with the Safford Valley. Elsewhere, the Gila has cut a wide and 

fairly straight floodplain. In this area, a large meander loop is in

cised between the resistant limestone cliffs. It appears that the down

cutting river either entrenched itself in an antecedent structural break 

in the limestone beds or that a rapid uparching of the limestone trapped 

a large meander loop and forced the stream to continue to cut its channel 

along that course. The first alternative seems the more plausible.

The previously mentioned red silt and sand which overlies the 

limestone along the east side of the San Carlos River appear to be channel 

deposits related to an ancestral San Carlos. They crop out in the sides 

of several gravel-topped hills in a narrow belt which crosses Highway 70 

and which becomes obscured in the intruded area east of the town of San 
Carlos.

Penecontemporaneous deformation

In several localities along the edge of the Gila River floodplain 
small folds and upwarps occur in the basin-fill sediments, generally
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PLATE 18

Figure 1.

FENECONTEMPORANEOUS FOLD H  BASIN FILL 
NEAR GERONIMO

View from east, showing steeply anticlinally 
folded beds truncated by alluvial gravel. 
Arrow shows hat for scale.

Figure 2 North limb of fold, showing uparching of 
flat beds.
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having small magnitude and trending roughly parallel to the valley axis.

At the base of Measured Section 9> west of the San Carlos, a small anti

cline about 4 feet high and 8 feet wide in outcrop occurs with several 
smaller folds in thinly interbedded silt and clay. Higher in the outcrop 
a thrust fault cuts the beds, with a horizontal displacement of 8 feet to

ward the river.
Near the base of Measured Section 7, in Salt Creek, reddish clay- 

stone crops out in a broad, gentle arch in the floor of the wash. The 

trend parallels the river and the maximum height of the arch is less than 

two feet above the alluvium.

A more sharply defined fold occurs in the canyons northeast of 

Geronimo, in the vicinity of Measured Section 1 (PI. 18). Thin beds of 

claystone and silt are included in a steep anticline. About 40 feet of 

sedimentary section is involved in the fold, which is approximately 100 

feet broad at the floor of the wash. Dips vary from horizontal at the 

edge of the fold to vertical in its center. The fold is exposed verti

cally for about 30 feet and is truncated by the overlying Pleistocene(?) 

gravel beds. It is exposed in the canyon in which Section 1 was measured 

and in other canyons to the west. It is traceable along the edge of the 

basin-fill beds for approximately 1 mile.

Other smaller folds and thrusts are common in the beds of the "red 

facies." In no case was a thrust fault seen to have a displacement against 

the initial dip, or away from the valley axis.

The above described features are interpreted as compressional 

folds, a result of yielding on the part of saturated, unconsolidated sedi

ments to the pull of gravity down the gentle gradients on which they lay.



PLATE 19

Figure 1*

Figure 2.

DEFORMED BASIN FILL BEDS AROUND INTRUSIONS 
NEAR TRIPLETS WASH

Limestone beds tilted by a tabular breccia body 
on west side of Triplets Wash. Angular uncon
formities within limestone block show continued 
tilting during sedimentation.

Folded beds near a tabular breccia body on east 
side of Triplets Wash. Folds possibly caused by 
gravitational gliding. .
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These movements were probably intermittent throughout the depositional 

history of the basin. The fact that all such features observed were near 

the present valley axis implies that the axis was at or near its present 

position at the time of deposition of the deformed sediments.

Structures related to intrusive activity

Basin sediments of the "white facies" in the volcanic area south 

of Triplets Mountain exhibit deformations! features related to the emplace

ment of igneous bodies.- Contorted beds, folds, and slumping are widespread 

in the vicinity of the intrusions, and occur in at least one locality 

(PI. 20, fig. 2) over a mile from the nearest known intrusion.

Spectacular exposures of contorted beds on the flanks of two of 

the larger intrusions can be seen in road cuts on Highway 70 at Triplets 

Wash (PI. 19). Overturned folds in limestone beds indicate the exertion 

of a compressional stress at some time during their history. As the 
major component of stress over an intruding body is normally tensional in 

nature, it is inferred that the compressional folds in the beds around the 

San Carlos intrusions are a result of gravitational gliding down a slope 

while in a semi- or unconsolidated condition. The subject of gravita

tional gliding in general is covered by De Sitter (1956, p. 266-292).

Mackin (i960, p. 120) discusses intrusive and other causes of such 

phenomena in the Basin and Range valley fills. Compressional deformation 

on a small scale in Miocene lake marls is related to sublacustrine gravi

tational gliding by Grabau (1913# p. 799-781).

Upturned and disturbed strata are exposed in road cuts just west 

of Triplets Wash. Along the wash excellent exposures of deformed sediments



PLATE 20

Figure 1.

Figure 2.

STRUCTURES RESULTING FROM IGNEOUS ACTIVITY 
NEAR TRIPLETS WASH

Limestone block uplifted by tabular breccia body, 
on east side of Triplets Wash.

Glide folds in limestone beds 1 mile west of 
Triplets Wash.
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and intruded basalt can be seen. S m a n  angular unconformities within 

the disturbed strata illustrate the continuation of sedimentation during 

intrusion (PI. 20, fig. l).
A sman mesa capped with columnar basalt stands north of the 

highway in the vicinity of Triplets Wash. A large slump block lies 

against its south side and dips 20°N. The block is composed of 200 feet 

of dense, hard, thin-bedded limestone containing chert nodules inter- 

bedded with and overlying coarse lithic tuffs. The same sequence is 

exposed in the sides of the mesa.

One and a half miles west of Triplets Wash (Sec. 9, T. 2 S.,

H. 19 E.) folds overlain by horizontal beds are exposed in a small wash 

(PI. 20, fig. 2). This locality is near no known intrusion and the 
cause of the folding is unknown.



SEQUENCE OF EVENTS 
Environment of Sedimentation

All previous workers in the area (Schwennesen, 1921; Knechtel,

1938; Bromfield and Shride, 1956) have interpreted the fine sediments of 

the basin fill as being lacustrine in origin. Sedimentary characteristics, 

coupled with what is known of the paleo-physiography'of the basin, sup

port this view. The following discussion will attempt to utilize the data 

already presented in this report to reconstruct the conditions that pre

vailed during the deposition of the basin fill.

Hydrologic environment

Of the lacustrine environment, Krumbein and Sloss (1951, p. 

202-203) say:
The lacustrine environment shows a wide range of conditions, 

characterized by shallower depths, smaller waves and weaker currents, 
and smaller life histories...

The boundary conditions of lakes include their size, shape, and 
water depths...detrital materials of the lake may range from coarse 
to fine, and, in some lakes, the content of dissolved salts and 
gases strongly influences sedimentation...

To a large extent, the characteristics of lake deposits are 
determined by the size of the lake. Small lakes along stream 
courses may show gradations from alluvial to swamp conditions.

The above brief statement summarizes most of the sedimentary 

characteristics of lakes as found in other works (Twenhofel, 1939). It 

can be seen that several transitional environments fall within the defini

tion of "lacustrine environment,” and that river, swamp, deltaic, and 

evaporite conditions may exist at different times in a single "lacustrine 
environment."

Ill
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The fine particle size of the basin fill, its thin, lenticular 

bedding, its many small unconformities, its sedimentary features such as 

raindrop impressions and mud cracks, its marl and limestone, its numerous 

layers of fossil twigs, and its ostracode, gastropod, and algae content 

all imply an enclosed basin of deposition with varying rates of sediment 

influx, water depth, and drainage.

Most of the "lake beds" appear to have been deposited in fairly 

shallow water, often probably no more than a few inches. Fine, small- 

scale cross-laminations indicate the existence of some current action 

during most of the time of deposition. The higher proportion of fine 

matrix to grains in sandy sediments shows the lack of sorting which is 

typical of a lew-energy environment, however. Clay sequences probably 

represent periods of quiet deposition in standing water, at some distance 
from the shoreline. Abundant mud cracks in the clays show that there 

were frequent periods of drying of the bottom sediments.

That bodies of standing water of fairly long duration existed 

within the basin is evidenced by thick clay sequences and areas of thick 

limestone accumulation. The clay beds which underlie the Reservoir tuff 

extend for several miles along the outcrop and probably represent a re

latively long period of quiet deposition over a wide area. The greenish 

color of some of the clay beds suggests a reducing environment (Pettijohn, 

1957, p. 347)• This in turn implies a depth and a time interval sufficient 

to allow stagnation of bottom water. The fine, flat stratification of the 

Reservoir tuff indicates that it was deposited in a body of water with 

little agitation or current action.
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Beds of cross—stratified sand attest to the intermittent in

crease of current velocity. Such periods came at irregular intervals 
throughout the time of accumulation of the basin fill. Coarser deposits 

near the margins of the basin reflect the higher relief of that area and 

the nature of the transporting medium. Crude bedding and poor sorting in 
marginal gravel beds show that they were deposited by swiftly flowing 

currents. The velocity of these currents was probably quickly reduced 

when they flowed onto the gentle gradient of the basin proper.

The existence of limestone suggests that bodies of water were 

allowed to stand long enough to become saturated in calcium carbonate. 

Evaporation of small, shallow bodies of water already near saturation 

probably accounts for the abundant thin plates and lenses of marl and 

calcareous sandstone throughout the "red facies." Thicker limestone 
accumulations imply ponds and lakes of fairly long standing and continued 

deposition of calcium carbonate.

It is evident that many of the basin-fill sediments were in a 

moist and unconsolidated condition at the time of deposition of pyro

clastic units. Deep impact structures around Triplets Mountain (PI. 9) 

show that bombs, some falling from a great height, penetrated as much as 

four feet into soft sediment. Load casts in the clay beds underlying the 

Reservoir tuff (PI. 6, fig. 2 ) indicate that the clay was saturated with 

water at some time after the deposition of the pyroclastic bed.

Geochemical environment
The chemical environment prevailing during deposition of the basin 

fill can be outlined by the mineralogy of the sediments (Krumbein and 

Garrels, 1952).
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The widespread red color in the basin fill is largely due to 

finely divided hematite,' the ferric form of iron oxide. The presence of 
this mineral implies an oxidizing, aerated environment with a pH below 

that of sea water. Much of this hematitic material is probably post— 

depositional; a large percentage of it, however, may represent conditions 

at the source of the clastic grains.

Calcite is soluble in an environment with a pH of less than 7.8; 

therefore, the presence of limestone indicates an alkaline environment 

with a pH value of at least 7.8.

Where calcite and hematite-coated clastic particles occur to

gether, the hematite represents the earliest conditions. Concentration 

of carbonates after deposition provided much of the calcareous sandstone 

and siltstone cements. The purer limestones contain little red coloration.

Montmorillonite, the only clay mineral identified from the basin 

fill, forms and is stable in an alkaline environment (Grim, 1953, p. 354).
The minor occurrence of organic matter shows the occasional exist

ence of a reducing environment within the basin. Organic matter will oxidize 

at an oxidation potential (Eh) of greater than zero; therefore> the environ

ment of deposition must be at least slightly reducing for its preservation. 

The coexistence of carbonaceous material and calcite nodules in Strati

graphic Section 4 implies alkaline, reducing conditions.

Diatoms near Stratigraphic Section 3 at Fort Thomas are of a type 

which indicate a warm, saline aqueous environment (Knechtel, 1938, p.200). 

Diatoms occur in the "white facies" beds around Triplets Mountain and 

probably imply the same conditions.
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Bedded gypsum is reported by Bromfield and Shride (1956, p. 681) 

west of San Carlos. Such a deposit requires a highly saline, alkaline 
environment, and is normally found in evaporite sequences.

Primary dolomite likewise requires a high salinity. The single 

occurrence of dolomite in Stratigraphic Section 16 may represent a tem

porary condition near the edge of a large body of shallow water.

Halite and gypsum crystals in clay beds probably do not represent 

extremely high salinity values at the time of deposition. It is likely 

that they precipitated from trapped intergranular water on dessication 

of the clay.

The geochemical environment which prevailed during the deposition 

of the basin fill was therefore probably alkaline, highly saline, and 

generally oxidizing with intermittent and local variations to reducing 
conditions. It is likely that the highly oxidizing conditions which now 

exist and which probably have prevailed during the later post-depositional 

period produced much of the hematitic coloring matter which is widespread 

in the basin-fill sediments.

Source of clastic sediment
Sediments in the lower Safford Valley were supplied mainly by the 

adjacent mountain highlands, with a minor portion being brought down the 

valley by stream currents.

Heavy mineral studies show minor compositional variations in the 

sand-size sediments of the basin; these variations reflect the mineralogy 

of the nearest mountain mass.

All cross beds observed in the basin fill were inclined toward 
the valley axes. Channels cut in the basin fill contain stratified gravel



116

which also dips basinward. There appears to have been a valleyward 

gradient during the time of deposition of the entire sequence of beds. 

Influence of igneous activity

Igneous activity in the west end of the Safford Basin has in

fluenced sedimentation in three ways: (l) a large volume of pyroclastic

and extrusive rock has been brought to the surface by volcanic activity 

in the area; (2) topographic changes brought about by the sudden dumping 

of volcanic products in the basin may have affected drainage; and (3 ) 

the rise of water temperature in the vicinity of intrusions may have 

accelerated the precipitation of limestone.

The influence of volcanism on the composition of sands in the 

area has already been demonstrated in this report. Volcanic breccias, 

tuffs, and lava flows form a large part of the total section in the 
higher part of the "white facies" area.

The rapid accumulation of thick pyroclastic units in the area may 
well have affected the local drainage, causing the isolation of ponds 

and the rerouting of streams. Lava flows may also have been effective 

in modifying drainage. Melton (I960, p. 118) proposes that lava flows 

in the San Carlos area may have caused a major shift in the course of 

the Gila River. It is probable that small, isolated ponds were formed in 

low areas by the blocking effect of lava flows. Concentration of dissolved 

salts would proceed to saturation values under the influence of evapora

tion in these ponds and lakes, and beds typical of the "white facies"

would result
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An areal relationship between the carbonate content of the 

basin-fill sediments and the "white facies" has been discussed previous

ly. The soluble carbonate in the "white facies" reaches a maximum in 

the vicinity of Salt Creek (Stratigraphic Section 7), near the area of 
greatest volcanic activity. The influence of submarine vulcanism on 

the precipitation of calcium carbonate is discussed theoretically by 

Twenhofel (1939, p. 341).
The solubility of calcium carbonate in water is known to be 

directly proportional to the amount of carbon dioxide in the water. An 

equilibrium series involving the bicarbonate and carbonic forms of calcium 

exists between every solution of calcium carbonate and the atmosphere 

(Goldschmidt, 1954, p. 232-233)« An increase of' dissolved carbon dioxide 
"will favor the solution,of calcium carbonatej a decrease will shift the 
equilibrium so that calcium carbonate is precipitated.

Among the factors causing a decrease in dissolved carbon dioxide 

are an increase in water temperature and agitation of the solution. 

Dissolved gases are driven out of solution by heating. Agitation allows 

aeration and the exchange of gases between the atmosphere and the water 

surface. Some streams which are saturated with calcium carbonate pre

cipitate calcite on flowing over rapids (Twenhofel, 1926, p. 246-247).
It is conceivable that both the above factors were effective in 

the area around Triplets Mountain. Violent agitation of the surrounding 

waters would naturally attend the eruption of the vents which produced 

the pyroclastics. A rain of small fragments over a wide area would 

cause splashing of surface waters and would stir deeper layers, promoting 

the loss of carbon dioxide and the precipitation of limestone.
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By far the greater amount of limestone in the "white facies" is 

attributed to simple evaporation of ponded waters and the consequent pre

cipitation of calcium carbonate on reaching saturation. A similar source 

is ascribed to the fine-grained limestones of the Bahama Banks (Smith, 

1940). However, it is believed that heat emanating from shallow-seated 

intrusive bodies was effective in increasing the amount of limestone 

deposition in the immediate area. The quantitative aspects of this pro
cess are not considered. The solubility product of calcium carbonate in 

natural waters has not been accurately determined. In an enclosed basin 

with highly saline waters, the problems in determining the quantitative 

behavior of calcium carbonate would be similar to those encountered in 

dealing with sea water (Sverdrup, et al., 1942, p. 192-210). However, 

it seems safe to state that, if a saturated or supersaturated solution 
of calcium carbonate is subjected to heating, precipitation will result. 
Even a slight temperature gradient in the waters near the intrusive center 

is considered to be effective.

All of the processes so far discussed involve precipitation from 

a saturated solution. That conditions of saturation prevailed in the 

ponds and lakes of the area seems probable in view of its sluggish drainage 

and fairly high evaporative rate. Both juvenile waters associated with 

volcanic activity and the mountains bordering the Gila River drainage 

system are invoked as sources of dissolved salts.

Many of the limestones studied from the "white facies" area ex

hibit the finely crystalline texture typical of chemical precipitates. 

Samples from near the area of intrusion show this texture most commonly.
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Influence of structure and tectonism

An important, and perhaps the major, control of sedimentation in 
the Safford Valley is the structure of the bedrock trough in which the 

basin fill is deposited. The trough is considered to have formed in the 

late Cenozoic or "Laramide" erogenic period, during which the Basin and 
Range province took shape. It is a downfaulted block between relatively 

uplifted blocks (Bromfield and Shride, 1956, p. 629). The nature of the 

downthrown block is not known; fragments of metamorphosed rhyolite found 

in the Salt Creek diatreme may be derived from it or from a lower level.

In order for a thick sequence of shallow, fresh-water sediments 

to accumulate, it is necessary to postulate the continual subsidence of 

the basin floor at a rate comparable with that of sedimentation. Jones 

(1957), in discussing the Eocene lacustrine sediments of the Green River 
formation, says: M... the rate of subsidence of the Uinta basin kept
pace with the sedimentation and at times exceeded it; otherwise it would 

have been impossible to accumulate more than 7000 feet of lacustrine 

sediments...”

Van Horn (1957, p. 34) states that approximately 2,400 feet of 

lacustrine sediments may have been deposited in the Safford area. Work 

in Basin and Range valleys of California and Nevada by Thompson (1959) 
shows that regional distension accompanied by downward movement of the 

valley blocks is still going on in that area. Gravity measurements in

dicate as much as 6000 feet of sedimentary and volcanic fill over the 

downfaulted bedrock blocks.

Deposition of fine-grained sediments in the Safford Valley may 

not have begun until relatively late in its structural history, according

L
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to Melton (i960), when the base level of the ancestral Gila River, which 

flowed north of Globe and joined the Salt River drainage system east of 

Phoenix, was raised by volcanic damming in the Mazatzal Mountains. Ag

gradation and local damming by the San Carlos lavas then allowed the Gila 

to return to its ancient course through the Mescal Mountains, where it now 

flows.

Post-Depositional History

After cessation of deposition, an erosion surface was cut on the 

basin fill and alluvium from the bordering mountains poured onto it. This 

erosion cycle was probably initiated by a climatic change, possibly con

trolled by local relief (as suggested by Heindl, 1958, p. 140). Drainage 

of the Gila through the gorge in the Mescal Mountains allowed it to ex

trench itself in the beds of the basin fill, creating a locally lowered 

base level for tributary drainage.
The surface cut on the basin fill probably resembled the present 

pediment surface. Planar surfaces which slope gently toward the San Carlos 

Valley are preserved beneath lava flows on Peridot, Flatiron, and nearby 

mesas; these surfaces are 200 to 300 feet above the present surface (PI.

21, fig. 1). It appears that at least two surfaces were cut in the area, 

and that a period of downcutting intervened between the two.
It is not the purpose of this paper to review the extensive liter

ature on pediments and their implications; Tuan (1959) summarizes the 

work and thought on the subject. The term, "pediment," as here used, refers 

to a sloping, planar surface cut on both mountain block and basin fill by 

erosion processes attendant to the flow of water from the bounding moun
tains to the axial stream.



PLATE 21

Figure 1.

Figure 2

EROSIONAL FEATURES IN THE BASIN FILL WEST 
OF THE SAN CARLOS RIVER

Remnants of an older erosion surface preserved 
beneath lava flows north of Coolidge Dam. Higher 
remnants rest on igneous rocks of the Hayes 
Mountains in the right of the picture.

Resistant hill of limestone in the alluviated area 
on the west side of San Carlos River. Looking 
south toward Turnbull Mountains.
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Two or more cycles of pedimentation have been completed in the 

lower Safford Valley. The present surface is highly dissected and in 

some areas (i. e., Goodwin Wash, near Geronimo) broad low areas are oc

cupied by recent stream beds. The gravels capping the pediment surface 

resemble in all respects, with the possible exception of composition, 

the gravel deposits in the recent streams.

It is suggested that these gravels were laid down as stream 

channel deposits similar to those in the present washes. As base level 

was approached, lateral cutting of the streams would become more important. 

As the streams widened their beds they would reduce the intervening di

vides until an even, alluvial plain sloping downward to the axial stream 

was formed. Initiation of a new cycle of downcutting would leave the 

stream bed deposits stranded as a protective cap over the basin fill beds.

Summary
The basin fill of the lower Safford Valley was deposited on a 

wide alluvial plain with sluggish drainage, in a climate more humid than 

the present one but dry enough to cause intermittent dessication of shal

low basins. Erosion of the bounding mountain ranges produced coarse 

clastic material which was deposited around the flanks of the valley, 

grading sharply into the finer sediments and interfingering with them. 

Locally, where the supply of clastic material was less abundant, as along 

the south flank of the Gila Mountains west of Bylas, fine-grained sedi

ments abut the mountain bedrock (PI. fig. 1).

Changes of climate and baselevel affected the rate of sedimenta

tion in the basin. A continued subsidence of the basin floor kept pace 
•with the inflow of sediment, allowing the accumulation of over 2000 feet
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of fine-grained deposits. The environment within the basin varied from 

fluvial through paludal to lacustrine, as local topographic and drainage 

changes caused shifting of sluggish streams in their beds and the iso
lation of parts of the drainage system. Lakes of fairly long duration 
existed from time to time, accumulating sequences of clay and limestone 

in which snails and ostracodes are preserved. Organic activity in re

stricted water bodies occasionally promoted a reducing environment.

Horses, camels, elephants, and similar vertebrates probably in
habited the area. The above animals have been found as fossils in the 

area east of Safford (Wood, I960) and in the not-far-distant San Pedro 

Valley. They are indicative of a mild, semi-humid climate. A large 

fossil turtle found near Safford implies the existence of persistent ponds.

Rushes and marsh vegetation probably grew in considerable abun
dance; these plants and grasses would be necessary for the sustenance of 

the above mentioned fauna. Rush-like fossil plant stems from the "white 

facies" area attest to the existence of marsh growth.

Periods of dryness were frequent, as is evidenced by abundant 

mud cracks in the beds of the basin fill. Lake waters were fairly saline, 

as deduced from the diatom flora present.

Volcanic activity in the west end of the valley caused local 

damming of streams by ash falls and lava flows. The formation of numer

ous shallow ponds resulted in thick limestone accumulations. The chemi

cal precipitation of limestone was promoted by heating and agitation of 
pond waters associated with volcanic activity and intrusion near Triplets
Mountain
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Violent ejection of pyroclastic fragments from the many vents of 

the area resulted in a rain of bombs, breccia, and tuff over the area. 

Bombs falling on mud flats penetrated to a depth of over 3 feet. Wide
spread blankets of fine tuff and pumice were spread over the bottoms of 

lakes, and fine ash and glass shards were carried several miles by winds 

to be deposited as thin layers of well-sorted tuff.

The emplacement of intrusive bodies caused the disruption and 

displacement of the overlying lacustrine beds. Gravitational gliding 

was initiated in some instances.

Impounding of drainage caused the increase of salinity to a 

point where massive gypsum was precipitated locally. Sedimentation in 

the basin was terminated by widespread lava flows that dammed the drain

age outlet, which was located in the vicinity of the present site of San 

Carlos, and allowed the Gila drainage to spill over the bedrock pass in 

the Mescal Mountains, which it now occupies.

Downcutting of the axial stream and its tributaries followed.

With the advent of a drier climate, pedimentation of the basin fill was 

initiated and the basin-fill beds were bevelled. After one of the cycles 

of pedimentation was completed, renewed volcanic activity poured out 

sheets of lava from the Hayes Mountains and in the vicinity of San Carlos. 

A later period of downcutting left only remnants of these flows west of 

the present San Carlos River (PI. 21, fig. l).

Repeated downcutting removed a large volume of the basin fill, 

as can be seen in the pediment remnants north of Coolidge Dam and in the, 

area of Fort Thomas, where a diatomite bed is stranded on the side of a
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mountain outlier over a hundred feet above the present gravel-covered 

pediment surface. Several hundred feet of lake beds were removed from 

the "white facies" area, where basalt capped hills project high above 
the present surface.

Flexing of the beds of the "white facies" in the Gila-San Carlos 

confluence occurred at some time prior to the cutting of the present 

erosion surface. This deformation was probably associated with adjustment 

of a structural trend along the San Carlos Valley. Faulting of part of 

the "white facies" against rocks of the "red facies" south of San Carlos 

Reservoir probably occurred at this time.

Vulcanism in the area was active until during or after the last 

cycle of pedimentation. A small vent is emplaced in the area south of 

the most vigorous activity, on or near the present pediment surface.

Recent streams have dissected the latest pediment surface and are 
reducing the remnants to a new surface. Alluvial fans have poured onto 

the latest surface near the mountain blocks.



ECONOMIC GEOLOGY 

Ground Water
Ground water is removed in the area under study from shallow 

reservoirs in the inner valley alluvium of the Gila and San Carlos Rivers 

and from deeper wells in the basin fill. A small amount of ground water 

flows from surface springs. There has been little development of ground 

water in the Safford Basin west of the Indian reservation boundary as 

the major agricultural activity is between Bylas and Fort Thomas and along 

the San Carlos River north of Highway 70.

Dissolved salts in the ground waters of the Safford Valley occur 

in variable concentrations. Hem (1950) states that many of the ground 

waters of the lower part of the basin are too highly mineralized to be 
used for domestic supplies. In most areas the water derived from Recent 

alluvial bodies differs in composition from water derived from the basin 
fill.

Most wells in the area obtain their supplies from the shallow 

inner valley alluvium of the Gila River. Fort Thomas, Bylas, and Sen 

Carlos are the most active areas of ground water withdrawal. An 810 

foot well at Geronimo yields water from the basin fill under artesian pres

sure. A non-flowing artesian well at Bylas furnishes the public water 
supply.

Water in the Recent alluvial fill of the Gila and San Carlos 

Rivers and in the larger tributary washes of the area fluctuates with 

surface supply. These aquifers receive the major part of their recharge
126
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from stream infiltration and from underflow. A small amount is supplied 

by seepage from the basin-fill beds. Quality of water recovered from 

these aquifers varies (Feth, 1952, p. 47, 51).
From Fort Thomas westward is a belt of ground water in the 

shallow alluvium having dissolved solid values of less than 500 p.p.m. 

Near Goodwin Wash the belt extends nearly to the flanking mountains; west 

of this point, it narrows, but is continuous to the reservation boundary. 

On the north side of the Gila River waters from the alluvium have a much 

higher content of dissolved solids. Total concentrations range from 

3,000 to 4,000 p.p.m., and consist chiefly of sodium and chloride. West 

of Goodwin Wash the waters on the north side decrease in dissolved solid 

content, but range from 1,500 to 3,000 p.p.m. At Bylas and Calva shallow 

ground waters contained about 3,000 p.p.m. Samples from beneath the 

present reservoir site yielded similar values (Hem, 1950, p. 52-57).
Water derived from beds of the basin fill is recharged near the 

flanking mountains by surface runoff and flows under artesian pressure 

into beds of the finer basin fill. Movement in these beds is probably 

slow due to their lenticular shape and low permeabilities. Warm artesian 

springs flow from the basin fill in the vicinity of Fort Thomas and 

Geronimo on the north side of the Gila River. High salt concentrations 

from these springs mix with waters in the Recent alluvium, causing the 

high dissolved solid values of this area. According to Hem (1950, p. 55) 

similar springs issue from limestone beds north of Bylas.

Water from the basin fill is generally high in sodium and low in 

hardness. Gypsum is common in the basin-fill beds and the low calcium
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content is possibly caused by a base-exchange reaction between percolating 

waters and clay minerals (Hem, 1950, p. 55).
Many small springs occur in the floors of washes where rock 

ledges have forced underflowing water to the surface.

Artesian water probably exists in the San Carlos Indian Reservation 

in the beds of the "white facies." There is very little arable land in 

this area, however, and there would be slight use for it if produced. The 

quality of water in this area is apt to be poor, owing to the high salt 

content of the basin fill.

The diatreme vents exposed in the basin fill may be of potential 

use as ground water sources. Water derived from them by drilling, how

ever, may be of deep origin and hence may have a high dissolved solid 
content. .

Among the problems to be overcome in the conservation of present 
water supplies is that of the elimination of the thick stands of salt 

cedar along the river bottom lands. These plants transpire large amounts 

of water from the shallow aquifers which would otherwise be available for 

use (Gatewood, et al., 1950). ■ ■ - • "

Industrial Minerals

Bromfield and Shride (1956, p. 679-68?) describe the known non- 

metallic resources of the basin fill in the San Carlos Indian Reservation 

as consisting of deposits of gypsum, diatomaceous earth, "tufa" stone, and 

gem-quality peridot. In addition it is suggested that some limestone and 

marl units in the basin fill are suitable for use as building materials.
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HTufaH stone

The "tufa" stone utilized in this report as a marker bed is 

locally used as a building stone. Many of the buildings in San Carlos 

are constructed of this material, as are some at Bylas. It is a light

weight, porous natural aggregate. Well-defined bedding planes make it 

easily quarried. It is non-brittle and easily worked. Overburden is 

locally thin, where it is exposed in the pediment surface, and a large 

amount of it has been removed from outcrop along the south side of 

Gilson Wash, west of San Carlos.
The Reservoir tuff unit described in this paper has properties 

similar to those of the "tufa" stone. It is locally highly fractured, 

however, and may be of greater use as a lightweight aggregate than as a 

building stone. It is porous and light and could be quarried as broken 

blocks or as slabs. The great reserves of this material would supply a 

small block industry for a considerable time.

Limestone and marl

Many of the marl units in the vicinity of Triplets Mountain and 

along Highway 70 in the "white facies" are of a compositional range which 

makes them suitable as a cement material (Barth, et al., in Pettijohn, 

1957, p. 410). Clay and quartzose silt impurities in many of the lime

stone units exposed between Cottonwood Canyon and Triplets Wash (PI. l) 

are of the approximately correct proportions desired in cement raw 
material. The units are well exposed and could easily be quarried. It 

is here suggested that all the raw materials for a small cement plant 

are present on the reservation. Gypsum and iron, which are required as 
additives, occur in small deposits near San Carlos (Bromfield and Shride,



1956). The nearby main highway and the Southern Pacific rail line would 

provide access to the markets of Globe, Safford, and Morenci, and the 
pipeline of the El Paso Natural Gas Company which passes through the area 
would supply fuel for burning kilns.

The nearby reserves of lightweight aggregate, in the form of the 

"tufa*1 stone and the Reservoir tuff, might provide a secondary industry 

of lightweight cast concrete products (Chandler, 1956).

A number of hard, dense limestone units are exposed in the cliffs 

along the lower San Carlos River, and it is suggested that these would 

provide a good road metal or aggregate when crushed. Such a product, how

ever, would not compete with the great available supply of this material 

elsewhere in the region.

Miscellaneous minerals

A deposit of gypsum estimated at 100,000 tons by Bromfield and 

Shride occurs as 2 to 10 foot thick layers interbedded with siltstone, 

about 3 miles west of San Carlos. The grade and quality of the gypsum 

are not given, but it has been locally utilized as a plaster. In view 

of the limited size of this deposit and the nature of the sedimentary 

basin in which it was formed, it seems probable that there are other and 
similar deposits in the area.

Diatomaceous earth is reported in Bromfield and Shride (1956) 

from two localities, one northeast of San Carlos and the other in the 

vicinity of the large intrusions along Highway 70. The deposits are 

described as being too impure for commercial use. A small outcrop of 

diatomite occurs on the side of an outlier of the Gila Mountains north
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of Fort Thomas
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Gem-quality peridot has been derived from the olivine-rich basalt 

of Peridot Mesa and the volcanic cone there for many years. The stones 
are picked from the weathered rock by individual prospectors and have in 
the past been sold to dealers in Globe (Bromfield and Shride, 1956, p. 

686). The occurrence is described in detail by Lausen (1926).

The Recent washes of the entire area contain abundant gravel 

deposits, varying in character and quality with location.

Zeolites

No deposits of sedimentary zeolites were observed; however, there 

is a possibility of the existence of these minerals in the area, as they 

habitually form from volcanic ash falls in alkaline lake waters. Such 

conditions as probably prevailed during the deposition of the "white 

facies" beds would be favorable for the formation of zeolites.
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APPENDIX A
DESCRIPTION OF STRATIGRAPHIC SECTIONS 

STRATIGRAPHIC SECTION 1

SNi Sec. 8, R.23E., T.AS.j elev. at base 2737; high bluff on N side of 
Gila at edge of inner alluvial fill; on unnamed dirt road, 4.8 mi. 
from junction with U. S. 70 at Fort Thomas; section measured up small 
canyon.
- Erosion surface.
Unit Thickness
No. Description in feet
15 Gravel, acid to basic volcanics, granite, gneiss; 45

medium sand to 2 foot boulders, subangular to sub
round; hard caliche cement; crudely stratified, seme 
cross-stratification; forms projecting ledges; reni- 
form aggregates of sand and caliche in cement; weathers 
vertical to overhanging; base sharp; outcrop obscured 
in top of hill by overburden; caliche ledges inter
mittent.

Erosion surface.
14 Clay and silt, tan to moderate brown; in alternating 26

thin layers and lenses; cement weak, calcareous; 
clay fractures blocky, crumbles; minor gypsum and 
other salts; silt powdery, locally cemented; mica 
flakes; splits flaggy; unit weathers to moderate, 
irregular slope; base sharp.

13 Caliche, light gray; thin, contorted beds; hard; 1
drusy crystals and vugs; weathers vertical; base 
irregular, sharp.

12 Clayey silt, light tan to pale brown; laminated to 8
thin-bedded, flat; weakly cemented with carbonate; 
marly zones and calcareous concretions ~ | in.;; 
carbonate content increases toward top of unit, where 
marl plates form projecting shelves | - 1 in. thick; 
weathers to moderate, rounded slope; base sharp.

11 Caliche, same description as Unit #13; base trans- 2.5
itional.
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Unit
No.
10

9

8

7
6

5

4

Thickness
Description in feet
liarl and silty clays tone, tan, dense; finely crystalline 12 
light gray marl in thin plates interbedded with crumbly 
silty claystone; thin-bedded, flat; marl is hard, silty, 
light brown toward top of unit; drusy cavities and fis
sures; clay is weakly indurated with some carbonate cement; 
fractures blocky, some fissile layers; weathers verti
cal; base transitional.
Caliche, light brown to gray, hard, similar to Unit #13; 2.5
weathers vertical; base transitional.
Siltstone, tan, very fine quartz sand, mica flakes; 7
thin-bedded, flat; becomes limey toward top; cement 
firm to hard; fractures blocky; weathers vertical; 
base covered.

Caliche: Same as Unit #13* 3.5
Sandy silt and marl, light brown to tan; unit con- 14
sists of discontinuous lenses of sandy silt, clay, and 
silt, with varying amounts of calcareous cement; silt 
is thin-bedded, flat, with local casting and distortion; 
cement weak, argillaceous; clay is medium brown, fairly 
pure locally; very thin-bedded, layers up to 6 in. 
thick; fractures blocky; cement firm; local concen
trations of clay galls in silt; marl layers well-defined; 
marl is light gray to gray-blue, hard, massive to very 
thin-bedded; finely crystalline; low-angle cross-bedding 
marked by dark laminations; unit weathers vertical; 
base covered.
Caliche, very pale orange; porous, weathered surface; 4
hard; nodular aggregates and vugs throughout; forms 
prominent vertical ledge; base sharp, irregular.
Clay, light brown to tan; cement firm, calcareous; finely 12 
laminated, flat; colors alternate with layering; some 
very thin, dark organic(?) layers; evaporitcs concentrated 
in horizontal zones; fractures blocky; thin (| in.) plates 
of marl in well-defined layers 3-4 feet apart, form ledges; 
marl is light gray to light bluish-gray, finely crystal
line, hard; unit weathers vertical, knobbly to blocky; 
base sharp.
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Unit
No. Description

Thickness 
in feet

3 Llarl and clay, yellowish-gray to grayish-yellow; 2.5
interlaminated caliche-like finely crystalline 
calcite and clay; flat-bedded, some marl laminae 
contorted; hard, we11-cemented; middle of unit is 
medium brown clay, powdery, locally well-cemented; 
massive to laminated; at top of unit is light tan, 
finely crystalline limestone, 2 in. thick; unit 
weathers vertical; base sharp.

2 Clay, light brown to grayish-yellow; thin-bedded, 6
flat, some local contortion; weakly indurated; 
fractures blocky to powdery; evaporites well dis
tributed throughout; abundant mud cracks, filled 
with evaporites; some thin (2-3 in.) lenses of 
rounded lumps and irregular flakes of clay, with 
minor very fine sand and silt, well cemented by 
calcite; thin, discontinuous silt layer near top 
of unit; weathers vertical; base transitional.

1 llarly clay, grayish-brown to light brown; impure, 4-5
crumbly to plastic; bedding thin, irregular; salt 
and gypsum in vugs; marl forms projecting ledges,
%-l in. thick, which pinch out laterally; marl is 
light brown to cream, finely crystalline, with 
drusy cavities; hard, well cemented; unit weathers 
to moderate, rounded slope; base covered.

Total measured thickness 150.0



STRATIGRAPHIC SECTION 2

NT«% Sec. 2, R. 22 E., T» 5 S.j elev. at base 2945; steep, dissected 
hill on E side of Goodwin T.Yash, 4*5 mi. from junction of Jack 
Hinton Ranch road with U. 3. 70, just east of Geronimo.
Erosion surface. 
Unit
No. Description

Gravel; rounded to subrounded: poorly sorted; 
average diameter 1 ft.; loose, in soil matrix; 
predominantly white quartzite with acid to inter
mediate volcanics; accessory metamorphics; poorly 
stratified; weathers to rounded hilltops; base 
sharp.

Erosion surface.

Thickness 
in feet

Siltstone, calcareous, light brown; cement firm; 43 
very thin-bedded, irregular; ledges of hard silt- 
stone throughout unit; weathered fragments of silty 
limestone in irregular zones; irregular etched 
nodules and limey clay galls; fissile to tabular; 
forms steep to moderate, smooth slope; base transi
tional.
Siltstone, grayish-orange; description same as Unit 5 
#6, but is less calcareous and poorly indurated; 
weathers to gentle, hummocky slope; base transitional.

Silty sand, grayish-orange; fine sand to silt; 2.5
sorting fair; subangular; cement poor, argillaceous; 
quartz, feldspar, volcanic rock fragments; abun
dant rock fragments up to 3 mm.; very thin-bedded; 
some low angle cross-bedding; weathers to vertical 
ledge with hummocky talus slope; base transitional.

Siltstone, argillaceous, light brown; cement firm, 18 
faintly calcareous; laminated to very thin-bedded, 
flat; near base is 3-ft. layer of well-sorted silt, 
poorly cemented, massive; rare thin lenses of cal
careous silt; fractures tabular to blocky; weathers 
to steep, regular slope; base transitional.
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Unit
No. Description

Thickness 
in feet

2 Gladstone, grayish-orange; cement firm, partly cal- 16
carecus; laminated to very thin-bedded, flat; cal
careous in lower 1 ft., silty in upper part; fract
ures conchoidally; weathers to steep, hummocky 
slope; base transitional.

1 Claystone, silty, light brown; cement firm, calcareous; 20 
thin-bedded, flat; calcareous zones 2-3 in. thick 
through out unit, locally forming hard marl; near top is 
2-ft. zone of well-sorted siltstone, very thin-bedded; 
top of unit is 2 in. of very thin-bedded marl; weathers 
to gentle to moderate, well rounded slope; base 
covered.

Total measured thickness 114.5



STRATIGRAPHIC SECTION 3

SE^ Sec. 24, Sec. 25, SE£ Sec. 26, R. 23 E., T. 4 S.j elev. at base 
2?60; measured by anaeroid altimeter ip wide wash to steep gorge 
in east end of Gila fountain outlier, 1.5 mi. northeast of Fort 
Thomas.

Erosion surface.
Unit Thickness
No. Description in feet
11 Gravel; sand size to 3 ft. boulders; poorly sorted; 20 - 40

subround to subangular; acid volcanics, minor 
obsidian; poorly stratified; cement weak, in finer 
matrix; forms layer that is traceable downstream 
to the inner valley alluvium, truncating all lower 
units in this section; laps onto obsidian and 
rhyolite of Gila llountains at upper end of exposure; 
weathers to rounded hills; base sharp.

Erosion surface.
10 Silt, light brown; some very fine quartz send and clay; 68 

cement weak, argillaceous; thin-bedded to massive; 
contains thin layers of very pure brown clay; thin 
discontinuous plates of marl; cut in several places 
by channel deposits; channels are well-defined and 
semicircular in section, filled with poorly sorted, 
crudely stratified elastics fhom silt size to rare 
1 ft. boulders; round to subangular; mostly acid to 
intermediate volcanics; small pockets of silt-size, 
well-sorted white vitric tuff; unit weathers vertical; 
base sharp.

9 Silt, sandy, light brown; sorting fair; cement weak, 12.
non-calcareous; thin-bedded, flat; very fine quartz 
grains with clay coatings; weathers vertical; base 
transitional.

8 Vitric tuff, very light gray; silt-size; cement weak, 0.5
calcareous; very thin-bedded, flat; few conchoidal 
and triangular shards visible; no visible impurities; 
weathers to recess; base sharp.
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Unit
No.

7

6

5

4

3

2

1

4

Thickness
Description in feet
Siltstone, sandy, moderate yellow; poorly sorted; 6
cement weak, argillaceous; structureless; very 
fine quartz grains with clay coatings; contains 
many clay concretions and worm burrow fillings; 
limonite staining throughout; gently cross-bedded; 
weathers to vertical cliff; unit is cut by a wide 
channel deposit, which partially overlies it; 
channel gravels are £ in. to 2 ft. in diameter, 
most less than 3 in.; smaller particles subrounded, 
larger subangular; mostly acid volcanics, obsidian 
increasing toward top; base transitional.
Siltstone, light brown; cement weak, some zones of cal- 25 
carecus cement; very thin- to thin-bedded, irregular; 
lithology extremely variable laterally; becomes marly 
downstream, cut by partially interfingering channel 
gravel upstream; gravel composed of scoria, pumice, 
tuff; unit weathers vertical; base transitional.

Sandstone, silty, liê it brown; sorting poor; very 4
fine to medium quartz grains, subangular, coated 
with clay; cement firm, calcareous; thin-bedded, 
flat; abundant 1 - 2  in. limey concretions; fract
ures blocky; weathers to steep, smooth slope; 
base transitional.
Claystone, li#it brown; cement firm, argillaceous 2.5
and calcareous; laminated to very thin bedded, flat; 
many very thin discontinuous plates of marl project 
from outcrop; grades laterally into zone of caliche; 
weathers to steep, irregular slope; base transitional.

Siltstone, clayey, pale brown; cement firm, argil- 8
laceous; thin-bedded, flat; thin calcareous plates 
throughout unit; weathers vertical in side of wash; 
base sharp.
Caliche, pinkish-gray; silty, dense, hard; drusy 2
crystals and colloform aggregates on surface and in 
fissures; bedding obscured; forms projecting ledge; 
base irregular, transitional.

Siltstone, pale brown; cement firm, faintly calcareous; 15 
structureless to thin-bedded, flat; contains a 6 in. 
bed of gray-white, salty clay; scattered thin zones of 
limestone pebbles; becomes calcareous near top; weathers 
vertical in side of wash; base transitional.

Total measured thickness 143-163



STRATIGRAPHIC SECTION 4

S?i£ Sec. 7, R. 20 E., T. 3 S.; elev. at base 2666; measured in road
cuts on old U. S. Highway 70 14.3 mi. east of Coolidge Dam.

Erosion surface.
Unit
No. Description
15 Gravel; poorly sorted; largest fragments 8 in.; 

weakly bound by silty matrix; subrounded to sub- 
angular; crude graded bedding and stratification 
at base; basic to intermediate volcanics, clastic 
sediments, schist; limonite staining overall; 
thin caliche layers at base;' weathers to rounded 
hilltop; base sharp.

Erosion surface.
14 Sand, pale yellowish-brown, medium, poorly sorted, 10 

subangular to angular, slightly calcareous, lamin
ated; mafic grains, mica, volcanic rock fragments; 
thin lenses of brown clay; high angle cross-bedding 
in upper part; hard calcareous sandstone ledge,
6 in. thick, at top of unit; weathers to gentle 
slope; base transitional.

13 Siltstone, sandy, grayish orange; sorting fair; 10
cement weak, calcareous; very thin bedded, flat; 
some low angle cross-bedding; thin lenses of 
hard siltstone throughout unit; fractures tab
ular; weathers to moderate slope; base transitional.

12 Sand, light gray, fine to medium; sorting fair; 4
angular to subangular; cement weak, calcareous; 
thin-bedded, flat; some high-angle cross-bedding; 
volcanic rock fragments, quartz, mafic crystals, 
glass' shards; weathers to gentle slope; base 
sharp.

11 Siltstone, light brown; cement firm to weak, argil- ^6
laceous, slightly calcareous; laminated to thin- 
bedded; contains thin lenses of brown gypsiferous 
clay;;forms moderate slope; base sharp.

Thickness 
in feet

14
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Unit
No. Description

Thickness 
in feet

10 Sandstone, light gray, fine to very fine, sort- 0.5
ing fair, angular to subangularj cement hard, 
calcareous; laminated; low-angle cross-lamin
ations; quartz, volcanic rock fragments, and 
glass shards; weathers to vertical ledge; base 
sharp.

9 Siltstone, tuffaceous, very light gray; sorting 5.5
fair within subunits; angular; cement hard to 
firm, weakly calcareous; quartz, volcanic rock 
fragments, pumice, glass shards, euhedral to 
subhedral mafic crystals; bedding laminated to 
thin, flat with low-angle cross-bedding within 
subunits; fractures blocky; several subunits 
recognizable, ranging from a hard, dense silt- 
stone to a porous lithic tuff; size of volcanic 
rock fragments ranges from silt to small pebbles; 
irregular concretions of dense white calcareous 
clay in coarser beds; a 3 ft. bed of blocky tuff
aceous siltstone forms a prominent overhanging 
ledge; base sharp.

8 Claystone, pale red, hard, non-calcarecus, lamin- 2.5
ated, contorted, highly fractured; limonite and 
manganese stains on fractures; fractures sub- 
conchoidally; weathers to moderate slope; base 
sharp, irregular.

7 Claystone, dusky yellowish-green, hard, non- 1.5
calcareous, laminated, contorted, highly fract
ured; limonite and dendritic manganese oxide 
stains on fractures; fractures blocky; weathers 
to moderate slope; base sharp.

6 Siltstone, light brown; cement firm, calcareous; 3
very thin-bedded, flat with some low-angle cross
bedding; contains a 1 in. bed of white tuffaceous 
silt; glass shards in upper part; weathers to 
moderate slope; base sharp.

5 Claystone, dusky yellowish-green, firm, laminated, 1 
contorted; highly fractured and slickensided in a 
concentric pattern; limonite staining on fractures; 
sagging and downward protrusion into Unit #4 common; 
weathers to vertical cliff in road cut; base sharp, 
irregular.
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Unit
No.

4

3

2

1

Description
Siltstone, tuffaceous, white; sorting poor; ang
ular; cement firm, non-calcareons; contains 
abundant fragments of volcanic rock and mafic 
crystals up to 1 mm. in size; fractures conchoid- 
ally; weathers to vertical cliff; base sharp.
Claystone, dusky yellowish-green, hard, laminated, 
contorted; contains dark carbonaceous laminae; 
highly fractured, slickensided along fractures; 
fairly abundant g in. light gray calcareous con
cretions; weathers to knobby, overhanging ledge; 
base sharp.

Sand, light gray, fine, well sorted, subangular; 
cement weak, calcareous; quartz, volcanic rock 
fragments, mica, mafic crystals; very thin-bedded, 
indistinct; weathers to moderate slope; base sharp.

Sandstone, grayish-orange, fine, well sorted, sub- 
angular; cement firm to weak, calcareous; quartz, 
mica, glass shards, mafic crystals; argillaceous 
coatings on grains; very thin- to thin-bedded, flat 
some low-angle cross-bedding; middle of unit is 
mostly unindurated sand with thin hard ledges scat
tered throughout; upper and lower parts more 
resistant; limonite stains throughout; weathers to 
gentle, irregular slope; base covered.

Thickness 
in feet

0.5

1

1.5

16

Total measured thickness 91.5



STRATIGRAPHIC SECTION 5

NYr£ Sec. 17, R. 21 E., T. 3 S.j elev. at base 2588; measured in cliffs 
100 yds. south of old U. 3. Highway 70, 3 mi. west of Southern 
Pacific Railroad overpass near Calva.

Erosion surface.
Unit
No. Description

Thickness 
in feet

6 Gravel, poorly sorted; largest fragments 1 ft., 
average 6 in.; angular to subangular; acid to 
intermediate volcanics; caliche zone at base; 
weathers to rounded hill; base sharp.

3

Erosion surface.

5 Sand, silty, and sandstone, grayish-orange-pink. 80
medium to fine; sorting fair; rounded to subangular; 
cement variable, calcareous; quartz with clay 
grain coatings; thin- to thick-bedded; varies from 
loose sand to hard calcareous ledges several feet 
thick; structureless between bedding planes; weathers 
to steep, smooth slope; base transitional.

A Sandstone, argillaceous, light brown; fine, with 19
silt; sorting fair; subrounded to subangular; cement 
variable, argillaceous; thin-bedded, flat; thin 
lenses of laminated clay become abundant toward top 
of unit; sandstone varies from hard ledges to loose 
grains; weathers to steep slope; base sharp.

3 Siltstone, tuffaceous, very light gray; coarse sand 5
to silt size; sorting fair within individual beds; 
cement firm, calcareous and argillaceous; laminated 
to very thin-bedded; contains subrounded to subangular 
reddish volcanic rock fragments, euhedral mafic 
crystals, glass, pumice fragments, all in matrix of 
quartsose silt; weathers to vertical cliff; fractures 
tabular; base sharp.

2 Clay, grayish-green, laminated, firm, plastic; con- 3
tains small gastropods and white clay nodules; tuff
aceous fragments near top; weathers to concealed 
outcrop with greenish talus slope; base sharp.
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Unit
No.
1

Thickness
Description in feet
Sandstone, silty, grayish-orange, very fine; 35
sorting fair; cement variable, calcareous; very 
thin-bedded, flat; poor lateral continuity;
2 ft. bed of brown laminated plastic clay near middle 
of unit; scattered thin calcareous plates; less 
silty in upper part; low-angle cross-bedding near 
top; weathers to steep slope; base covered.

Total measured thickness 145



STRATIGRAPHIC SECTION 6

SE£' Sec. 25, R. 18 E., T. 3 S.j elev. at base 2740; strike E - Y<, 
dip 8° N.j measured in side of steep canyon draining Mescal 
1'ountains.

Erosion surface.
Unit Thickness
No. Description in feet
4 Gravel, poorly sorted, maximum size 5 in., ang- 115

ular to subangular; cement hard to firm, cal
careous; thin-bedded, flat; volcanics, quartz
ite, chert, in sandy matrix; numerous lenses of 
silt, sand, and clay throughout; silt laminated, 
with very thin marl plates; sand medium to 
coarse, thin-bedded, with laminae of brown silty 
clay; beneath each well-defined gravel ledge is 
a thin bed of silty clay; unit weathers to a 
steep, ledgey slope; base transitional.

3 Sandstone, light brown, very fine to medium, 32
sorting poor; cement firm, calcareous; subrounded 
to subangular; very thin-bedded, flat; contains 
numerous thin lenses of gray silty limestone with 
fine pebble inclusions; weathers vertical; base 
transitional.

2 Gravel, pebble, sorting poor; cement weal:, cal- 65
careous; angular to subangular; poorly stratified, 
irregular; low-angle cross-bedding; thin layers of 
caliche along bedding planes; contains abundant 
limestone rubble near base; at top of unit is 10 ft. 
overhanging ledge of hard conglomerate; weathers to 
vertical ledges; base transitional.

1 Sandstone, silty, light brown, fine, sorting fair; 73
cement weak, calcareous; subangular to subrounded; 
very thin-bedded, flat; intermittent layers of fine 
angular volcanic gravel, 6 in. thick; small meta- 
morphic pebbles accessory; fractures tabular; 
weathers to moderate, irregular slope; base covered.

Total measured thickness 285

149



STRATIGRAPHIC SECT IQ’! 7

'4 Sec. 16, 21, 28, and 33, R. 20 E., T.-2 S.j elev. at base 2500; 
neasured from mouth of Salt Creek upstream to U. 5. Highway 70 and 
in road cuts at highway crossing.

Erosion surface.
Unit Thickness
No. Description in feet

39 Karl, vhite, firm, plastic; very thin- to thin- 40
bedded, irregular; thin lenses of hard marl 
throughout; contains 3 1-ft. thick beds of lamin
ated clay approximately 10 ft. apart vertically,
2 brown, 1 olive; weathers to moderate slope; 
base sharp.

38 Gravel, medium light gray, fine to coarse; sorting 4
fair; cement weak, calcareous; angular to subrounded; 
thin-bedded, flat; volcanics, chert; 6 in. bed of 
white limestone in middle of unit; forms prominent 
gray band in road cuts; base sharp.

37 Marl, white, firm, plastic, very thin-bedded, irreg- 40 
ular; appears massive and structureless in road cut; 
thin lenses of tan clay near base; 1 ft. zone of 
rounded limestone and chert pebbles 15 ft. from base; 
thin beds of hard marl in upper 6 ft. of unit; con
tains several 1 ft. diameter masses of dark gray 
chert; numerous very thin lenses of angular chert 
pebbles throughout; forms moderate, irregular slope; 
base sharp.

36 Vitric tuff, light olive brown, coarse sand- to silt- 3 
size, poorly sorted, angular; cement weak, calcareous; 
very thin-bedded; quartz, black and red glass shards, 
accessory volcanic rock fragments; undulations of 
bedding are truncated at peaks by Unit #37; outcrop 
vertical in road cut; base sharp.

35 Karl, very pale orange, firm, thin- to thick-bedded; £4 
few thick beds of hard, pure limestone; becomes less 
argillaceous toward top; contains abundant fossil 
plant stems; weathers to steep slope; base sharp.
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Unit
No. Description
34 Limestone conglomerate, pebble, sorting poor; 

matrix firm, argillaceous; no detectable bed
ding; irregular pebbles of white limestone as 
large as 3 in., in matrix of olive-gray, mas
sive clay; in irregular pits and channels; 
weathers vertical; base sharp, irregular.

33 Claystone, light brown, firm, calcareous, very 
thin-bedded, irregular; contains pockets of 
silt; weathers to moderate slope; base sharp.

32 Limestone, white, silty, hard, dense, thin- bedded, 18
flat; siltier layers powdery; weathers to steep 
slope with ledges; base transitional.

31 Limestone and clay, sandy, dusky yellow, very 16
thin-bedded, flat; limestone is hard, brittle and 
powdery, containing quartz sand and silt; clay is 
tough and sandy; sand is coarse to silt-size, 
poorly sorted; clay contains small pockets of 
white, very fine sand; unit weathers to steep hill; 
base sharp.

30 Limestone, very pale orange, hard, dense, thin- 18
bedded, flat; contains thin lenses of silt and red- 
brown clay; locally calichified; forms prominent 
ledge; base sharp.

29 Clay, dark yellowish-orange, weak, calcareous, very 0.5
thin-bedded, flat; subrounded lumps of clay, coarse 
sand- to silt-size, stratified as a detrital deposit; 
weathers to recess; base sharp.

28 Clay, silty, dark greenish-gray, weak, calcareous, 3
very thin-bedded, flat; thin ledges of hard white 
limestone throughout; weathers to moderate slope; 
base sharp.

2? Limestone, white, hard, silicified, thin-bedded, 12
irregular; contains thin lenses of green clay; 
abundant worm burrows and plant remains; weathers 
to vertical ledge; base covered.

26 Silt, calcareous, pale reddish-brown; cement firm, 40
calcareous; thin-bedded, flat; contains mud cracks 
and worm burrows; forms moderate slope; base sharp.

Thickness 
in feet

2
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Unit
No.

25

24

23

22

21

20

19

18

17

Thickness
Description in feet

Limestone, very pale orange, hard, dense, thin- 3
bedded, flat; lenticular limestone pebbles 
common; scattered lenses of calcareous silt;
•weathers to vertical ledge; base sharp.
Silt, sandy, medium gray, firm, calcareous, lamin- 1
ated, flat; sand quartzose, very fine to medium, 
subangular to subrounded; weathers to vertical face; 
base transitional.
Silt, moderate orange pink, weak, calcareous, very 4
thin-bedded, flat; contains thin laminae of hard 
calcareous silt; 6 in. ledge of silty limestone at 
base; forms prominent pink band in cliff; weathers 
vertical; base sharp.
Vitric tuff, silty, light gray, sand-size, poorly 3
sorted, thin-bedded, flat, we ale, faintly calcareous; 
contains subangular volcanic rock fragments as 
large as 1 in.; weathers to vertical cliff: base 
sharp.

Silt, calcareous, grayish-orange-pink, we ale, very 10
thin-bedded; few thin beds of hard calcareous silt, 
one thin bed of brown, hard limestone in middle of 
unit; a 2 ft. thick ledge at top of unit contains 
abundant fossil plant stems; weathers to vertical 
cliff; base sharp.

Sand, light brown, tery fine to fine; sorting fair; 2.5
cement weak, calcareous; thin-bedded, flat, some 
low-angle cross-bedding; thin layers of medium 
gravel in cross-bedding planes; laminae of calcite 
throughout; 2 in. thick chert lens at base; weathers 
to gentle slope; base sharp.
Limestone, very pale orange, hard, thick-bedded; 8
contains thin lenses of marl with mud cracks; 
weathers vertical; base sharp.
Silt, tuffaceous, grayish-yellow; contains fragments 1 
of scoria and vesicular glass as large as 1 mm.; 
very thin-bedded; weathers to recess; base sharp.

Limestone, white, hard, dense, thick-bedded, undu- 4
lating; contains abundant worm burrows and fossil 
moHuscan fragments; forms projecting ledge; base 
sharp.
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Unit Thickness
No. Description in feet
16 Vitric tuff, pinkish-gray, fine sand- to silt- 2

size; sorting fair; cement weak, argillaceous; 
laminated, flat; composed predominantly of 
clear glass shards, with accessory volcanic 
rock fragments; weathers to recess; base sharp.

15 Limestone, silty, white, hard to weak, thin-bedded; 8
contains several thin beds of calcareous silt; 
weathers to moderate slope with vertical ledges; 
base sharp.

14 Siltstone, white, laminated, flat, silicified; 8
contains thin stringers and irregular nodules of 
light brown chert; weathers to steep slope; base 
sharp.

13 Limestone and silt, pinkish-gray to grayish- 24
purple; limestone hard, porous, in thin lenses; 
silt weak, calcareous, laminated, flat; both 
lithologies interfinger and are vertically grad
ational into one another; unit weathers to 
moderate, rounded slope; base covered.

12 Sand, tuffaceous, moderate yellow, fine to very . - 1
coarse, poorly sorted, angular to subangular, thin- 
bedded, flat; quartz, volcanic rock fragments, mafic 
crystals; argillaceous grain coatings; weathers to 
steep slope with vertical ledges; base sharp.

11 Siltstone, calcareous, white, thick-bedded, flat; 20
interbedded with thin beds of hard, dense, silty 
limestone, locally silicified; weathers to steep 
slope with ledges; base sharp.

10 Limestone, white, hard, dense, finely crystalline, 4
thick-bedded, flat; weathers to vertical ledge; 
base transitional.

9 Limestone, tuffaceous, white, hard, thick-bedded, 4
flat; contains fine, well' sorted, subhedral mafic 
crystals and glass shards; weathers to overhanging 
ledge; base sharp.

8 Sand, light gray, fine, well sorted, very thin- 1
bedded, flat; quartz, volcanic rock fragments, sub- 
angular to subrounded; weathers to moderate slope; 
base sharp.
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Unit Thickness
No. Description in feet

7 Clay, dark greenish-gray, firm, plastic, laminated, 1
flat; contains halite and gypsum crystals in fis
sures; molluscan fragments fairly abundant; weathers 
to recess; base sharp.

6 limestone, silty, light gray, firm, thick bedded, 4.5
flat; becomes argillaceous in lower 1 ft.; con
tains abundant fossil plant stems and other organic- 
appeal' ing material; gives off odor of hydrocarbons 
when struck; weathers to thick, vertical ledges; 
base sharp.

5 Clay, silty, light brown, firm, laminated, crinkly; 15
gypsiferous in purer beds; very thin lenses of fine, 
angular calcareous sand; contains sparse molluscan 
remains; weathers vertical; base covered.

4 Clay, silty, pale reddish-brown, firm, laminated, 8
flat; thin, hard calcareous lenses throughout; 
weathers to moderate, rounded slope; base sharp.

3 Sand, ligfrt brown, fine to medium, sorting fair, 10
laminated, flat; quartz, volcanic rock fragments, 
glass shards; subangxilar to subrounded; several 2 in. 
zones of firm calcareous cement; contains fine carb
onaceous material; at base is 1 ft. bed with low- 
angle cross-stratification; unit weathers to steep 
slope; base covered.

2 Limestone, silty, moderate yellow, hard, thin-bedded, 4
flat; weathers to vertical ledges; base sharp.

1 Claystone, calcareous, li^it brown, hard, laminated, 3
flat; exposed for approximately 100 ft. along E. side 
of wash in a series of warps and sags; peaks of up- 
warps are truncated by higher beds; largest upwarp 
dips south at 20°; base covered.

Total measured thickness 379.5..



str atigra phic SECTION 8

Nwr£: Sec. 29, R. 19 E., T. 2 S.; elev. at base 2446; measured in 
vertical cliff on west side of San Carlos River, approximately 1 mi. 
upstream from its junction with the Gila River.

Erosion surface.
Unit Thickness
No. Description in feet

6 Limestone, silty, very pale orange, hard, dense, 116
thick-bedded, irregular; includes numerous thin 
marl beds, some with low-angle cross-bedding; 
thin lenses of red-brown calcareous silt fairly 
abundant, gently warped between bedding planes; 
unit is heavily calichified on surface; weathers to 
steep cliff with vertical ledges; base transitional.

5 Siltstone, calcareous, very pale orange, firm, 5
very thin-bedded, contorted; thin, irregular lenses 
of brown clay; thin plates of hard calcareous lime
stone throughout; zone of abundant calcareous plant 
remains 3 ft. above base; weathers vertical to 
overhanging; base transitional.

4 Sand, dusky yellow-green, fine to very fine, sort- 0.5
ing fair, rounded to subrounded, weak, argillaceous, 
very thin-bedded, poorly defined, flat; quartz 
grains with clay coatings; lower 2 in. contain 
lenses of red-brown clay; unit forms prominent 
olive stripe on face of cliff; weathers vertical; 
base sharp.

3 Limestone, sandy, grayish-orange-pink, firm to hard, 80 
very thin-to thin-bedded, irregular; sand fine to 
very fine, quartzose with clay coatings, grades from 
hard thin ledges to loose grains; limestone variable 
from nearly pure to very sandy; two lithologies 
intergrade and are laterally poorly continuous; iron 
oxide staining local; limestone is heavily calichified 
on surface; weathers to steep, uneven slope; base 
transitional.

2 Siltstone, pale reddish-brown, firm, calcareous, very 2 
thin- to thick-bedded; upper portion more argillaceous, 
contains thin clay lenses; fractures blocky; weathers 
vertical to recessive; base transitional.

155



Unit Thickness
No. Description in feet

1 Limestone, silty, very light gray, finely crystal
line, hard, laminated, contorted; calichified on 
surface, structure indistinguishable; weathers 
vertical; base covered.

8

Total measured thickness 211.5



STRATIGRAPHIC SECTION 9

SW5 Sec. 31, R. 19 E., T. 2 S.; elev. at base 2445; measured in wide 
wash on north side of San Carlos Reservoir; lower two units acces
sible only during very low stage of reservoir.

Erosion surface.
Unit
No. Description

Thickness 
in feet

5 Sand, medium light gray, fine, well sorted, ang
ular to subangular, weak, argillaceous, thin-

20

bedded, some low-angle cross-bedding; clay nodules 
and firm argillaceous cement in upper two feet; 
clay and limonite concretions (| in.) throughout; 
slightly calcareous in upper few feet; weathers 
to moderate, irregular slope; base sharp.

4 Sandstone, light brown, medium, well sorted, 59
angular to sub angular, hard to firm,, calcareous, 
very thin-bedded; contains abundant glass shards; 
iron oxide staining throughout; quartz, thin layers 
of rock fragments between beds; minor high-angle 
oross-bedding; weathers to moderate, rounded 
slope; base covered.

Covered interval. Two gravel-covered reservoir shorelines. 20
3 Siltstone, pale red, firm, calcareous, laminated to 16

very thin-bedded, flat, locally contorted; contains 
£ in. clay nodules; thin interbedded layers of clay 
and medium sand in lower part of unit; one 4 ft. 
lens of gray-brown clay; weathers to moderate, hum
mocky slope; base transitional.

2 Sandstone, pinkish-gray, medium to coarse, sorting 2
fair, angular to subangular, hard, calcareous; bed
ding poorly defined; crude low-angle cross-bedding; 
quartz, abundant glass shards, thin layers of ang
ular to subangular fine gravel; forms ledge; base 
sharp.
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Unit
No. Description
1 Sand, argillaceous, moderate orange-pink, med

ium to fine, sorting fair, subrounded to subang- 
ular, weak, argillaceous, very thin-bedded, low- 
angle cross-bedding; quartz, minor fine rock frag
ment gravel; contains few thin beds of laminated 
red-brown sandy clay; weathers to steep, irregular 
slope; base covered.

Thickness 
in feet

12

158

Total measured thickness 129



STRATIGRAPHIC SECTION 10

N")7 corner Sec. 3> 19 E., T. 3 S.: elev. at base 2452; ceasured
in steep cliff on south side of Gila River.

Erosion surface.
Unit Thickness
No. Description in feet
8 Gravel, poorly sorted, maximum size 1 ft., sub- 30

angular to subrounded, hard to firm, calcareous 
and argillaceous; bedding very crude, imbricated; 
acid to intermediate volcanics, quartzite, lime
stone, minor hematite; weathers to rounded hilltop; 
no visible contact at base.

7 Limestone, grayish-orange-pink, hard, dense, very 140
thin- to thick-bedded; contains several very thin 
beds of light brown silt and clay in lower part;
10 ft. from base is a 2 ft., laminated bed of light 
olive silt; at base is 2 ft. zone of limestone 
pebbles in clay matrix; unit weathers to steep, 
irregular slope; base sharp.

6 Limestone, silty, very pale orange, hard, thick- 40
bedded, irregular; most of unit composed of sub
rounded fragments of limestone, as large as 1 ft., 
in matrix of weak marl; contains several thick 
beds of hard, dense limestone; unit weathers to 
steep, irregular slope; base sharp.

5 Limestone, white, hard, dense, pure, thin-bedded, 1.5
flat; calcarenite, very coarse, well sorted, ang
ular to subrounded; forms prominent vertical ledge; 
base sharp.

4 Limestone, silty, very light gray, cement variable, 9
thin-bedded, irregular; some poorly stratified, 
rubbly zones; rubble fragments tabular, 1 - 2  in. 
long; stratification very crude and difficultly 
recognizable in upper portion; weathers to steep 
slope; base sharp.

159



160
Unit Thickness
No. Description in feet

3 Limestone, silty, very pale orange; cement and 30.5
bedding vary; contains stratified sand- and gravel- 
size interclasts throughout; very coarse quartz 
sand intermixed with calcarenite in some layers; 
lower part of unit hard and dense, upper part porous;
15 ft. from base is 1 ft. zone of soft, chalky lime
stone rubble; horizontally oriented porous struct
ure near top indicates partial calichification; 
unit weathers to .very steep slope; base sharp.

2 Limestone, silty, white, hard to firm, thin-bedded, 4
irregular; angular interclasts as large as J in. 
in marl matrix; thin bed of tan silty clay at top 
of unit; unit vieathers to vertical ledge; base 
sharp.

1 Limestone, sandy, very light gray, hard, dense to 3
rubbly, thick-bedded, flat; contains quartz sand, 
very fine, well sorted; lower part of unit rubbly, 
matrix marl; unit weathers to knobby ledges; base 
covered.

Total measured thickness 258



STRATIGRAPHIC SECTION 11

SEi; Sec. 27, R. 19 E., T. 1 S.; elev. at base 3091; measured on side
of mesa composed of interbedded lava and sedimentary rock.

Erosion surface.
Unit
No. Description
20 Basalt, dusky red, dense, scoriaceous at base; 18

flow structure in lower part; weathers to steep 
hilltop; base sharp, irregular.

19 Limestone, white, firm, chalky, very thin-bedded, 38
irregular; silty lenses with basaltic gravel occur 
in pockets on underlying lava flow; contains 
abundant worm burrows, plant stems, in irregular 
zones; weathers to moderate slope; base sharp, 
irregular.

18 Basalt, very dusky red, slightly vesicular; 36
irregular zones of flow structure throughout; 
upper 10 ft. extremely scoriaceous; horizontally 
fractured with closely spaced sheeting planes; 
weathers to deep red color; forms vertical ledge; 
base sharp.

17 Sandstone, light brown, pyroclastic, fine to 20
coarse, poorly sorted, subrounded, firm, argil
laceous, thin-bedded, flat, some low-angle cross
bedding; quartz, volcanic rock fragments; near 
top, is unstratified and contains angular rock 
fragments 2 in. and larger; some 1 ft. basaltic 
bombs at top, highly fractured; weathers to mod
erate slope; base sharp.

Covered interval. Sparse limestone and silt outcrops. 24

16 Lithie tuff, pale reddish-brown, fine to very coarse, 8 
poorly sorted, subangular to subrounded, thick- 
bedded, irregular; scoriaceous basaltic lapillae 
in matrix of ash and silt; weathers to steep slope; 
base sharp.

Thickness 
in feet

161



162
Unit
No. Description
15 Silt and limestone, moderate orange-pink, very 

thin- to thick-bedded; silt weak, calcareous; 
limestone hard, dense, structureless between bed
ding planes; unit composed of $0% of each lith
ology, interbedded; weathers to moderate slope; 
base covered.

Covered interval. Limestone and silt ledges.
14 Tuff, grayish-yellow-green, medium to very coarse, 

sorting poor, firm, calcareous, thin-bedded, 
irregular; volcanic rock fragments, angular to 
subangular; pyroxene and olivine, subhecral; 
matrix of quarts sand, silt, and glass shards; 
contains large subrounded basalt boulders, those 
near top of unit with impact structures; weathers 
to steep slope; base sharp.

Covered interval.

13 Basalt, brownish-black, vesicular, amygdaloidal; 
contains well-defined flow structure; thinly 
fractured, horizontally; scoriaceous near top; 
base sharp.

12 Limestone, silty, pale red; cement variable;
laminated to very thin-bedded, flat; very silty, 
friable beds interlayered with hard, resistant 
ledges; chalky near top; 3 ft. zone of limestone 
conglomerate at top; contains plant stems near 
base; weathers to moderate slope; base transitional

11 Lithic tuff, dusky yellow-green, fine to very
coarse, poorly sorted, firm, nonealeareous, angular 
to subrounded, very thin-bedded, flat; acid to 
intermediate volcanic rock fragments, maximum 
diameter | in., with glass shards; weathers to 
steep slope; base sharp.

10 Silt and limestone, light brown, thin-bedded,
crinkly; limestone hard, dense, crystalline; silt 
calcareous, contains thin limestone plates; 
weathers to moderate slope with ledges; base sharp.

Thickness 
in feet

14

12
25

5
36

13

24

18
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Unit
No.

9

8

7

6

5

4

3

2

Thickness
Description in feet

Lithic tuff, dusky yellow-green, poorly sorted; 24
firm, noncalcareous, thin- to thick-bedded, 
locally contorted; acid to intermediate rock 
fragments, accessory quartz; contains abundant 
bombs of basalt in impact structures 3 ft. deep; 
bombs have exfoliation structure; thin beds of 
angular pyroclastic gravel throughout unit; thin 
lenses of well indurated white ash in upper part; 
weathers to vertical cliff; base sharp.

Silt and limestone, light brown, thin-bedded, 
crinkly; silt weak, contains very thin limestone 
plates; limestone dense, hard, crystalline; unit 
weathers to moderate slope with ledges; base 
transitional.
Silt, pale red, weak, calcareous, very thin- 
bedded, flat; contains pockets of coarse angular 
volcanic gravel; weathers to steep, hummocky 
slope; base sharp.

Gravel, pyroclastic, poorly sorted, angular to . 
subangular, weak, argillaceous, thin- to graded 
bedding, locally with low-angle cross-bedding; 
acid to intermediate volcanic rock fragments, some 
scoriaceous basalt fragments; contains thin silt 
lenses near top; forms vertical cliff; base sharp.

Siltstone, pale yellowish-orange, firm, argillaceous, 13 
very thin-bedded, flat; contains fine pyroclastic 
gravel; 1 in. zone of coarse pyroclastic sand near 
base; weathers to moderate slope; base sharp.

Lithic tuff, light gray, poorly srorted, angular to 1
subrounded, firm, noncalcareous, very thin-bedded, 
flat; contains ash- to gravel-size volcanic rock 
fragments; weathers to vertical cliff; base transitional.
Silt, pale yellowish-orange, weak, calcareous, very 3 
thin-bedded; contains abundant worm burrows; weathers 
to moderate slope; base sharp.
Basalt, very dusky red, dense to vesicular; very . 1.0 
rubbly; weathers to moderate slope; base sharp.

30

13
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Unit
Mo. Description

1 Siltstone, tuffaceous, moderate pink, firm, 
noncalcarecus, thin- to thick-bedded, locally 
v/ith low-angle cross-bedding; very fine quartz 
sand and silt, mafic crystals, glass shards; 
pumice and volcanic rock fragments as large as 
2 in. scattered throughout with crude bedding;
41 ft. from base is sharply defined zone of angular 
acid to intermediate volcanic rock fragments aver
aging 1 in. in diameter; several thin layers of 
white vitric tuff near top of unit; unit forms a 
prominent pink band in outcrop; weathers to a 
moderate, hummocky, potholed slope; base covered.

Thickness 
in feet

68

Total measured thickness 464



STRATIGRAPHIC SECTION 12

NTAr Sec. 1, R. 19 E., T. 2 S.j elev. at base 2961; measured along side 
of Triplets *.7ash and on small basalt-capped hill to west, 1500 ft. 
north of U. S. Highway 70.
Erosion surface.
Unit Thickness
No. Description in feet
7 Basalt, very dusky red, vesicular; well developed 30

flow structure; highly fractured; 3 ft. irregular 
rubbly zone at base; weathers to moderate slope 
on hilltop; base sharp.

6 Lithic tuff, light olive, fine to very coarse, 10
sorting poor, subangular, weak, calcareous, thin- 
bedded, flat; basaltic lapillae and breccia in 
matrix of quartz sand and silt; weathers to moder
ate slope; base sharp.

5 Vitric tuff, moderate pink, silt- to medium sand- 24
size, sorting poor, firm, noncalcareous; bedding 
graded to absent; contains subangular to subrounded, 
acid to intermediate volcanic rock fragments as 
large as £ in.; fractures blocky; weathers to smooth 
pink band in cliffs; base sharp.

4 Lithic tuff, light gray, fine to coarse, poorly 15
sorted, angular, firm, noncalcareous, bedding 
graded; pumice, acid to intermediate rock fragments 
in matrix of quartz sand and silt; pumice fragments 
as large as 2 mm.; very abundant pumice in middle 
of unit gives whitish color to outcrop; abundant 
mafic crystals, subhedral and broken, in lower 
part of unit; weathers to gentle slope; base sharp.

3 Limestone, silty, pale greenish-yellow, hard, dense, 21 
thin-bedded, flat; contains several thin silt zones; 
tuffacecus near base and at top; occasional fossil 
plant stems in thin zones; abundant worm burrows; 
weathers to moderate slope with ledges; base trans
itional.
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Unit Thickness
No. Description in feet

2 Silt, tuffaceous, light brown, weak, argillaceous, 19 
laminated to thin-bedded, irregular; contains 
thin beds of poorly sorted volcanic breccia 
throughout unit; concretions of white clay abund
ant; several very thin zones of red-brown clay 
near base; 4 ft. lens of unstratified coarse 
lapillae at base; weathers to moderate, convex 
slope; base sharp.

1 Lithic tuff, moderate olive-brown, silty, coarse, 45
sorting poor, angular, firm to weak, noncalcareous, 
very thin-bedded to massive; basaltic lapillae and 
breccia; some blocks of scoriaceous basalt as large 
as 1 ft.; contains very thin lenses of reddish 
brown clay; weathers to steep, hummocky slope; 
base covered.

Total measured thickness 164
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STRATIGRAPHIC SECTION 13

Sec. 15, R. IB E., T. 2 S.; elev. at base 2876; measured on 
southwest face of Flatiron Mesa, 1000 ft. east of road from 
Peridot Junction to Coolidge Dam.
Erosion surface.
Unit Thickness
No. Description in feet
9 Basalt, very dusky red, scoriaceous; well 8

developed flow structure; contains vesicles as 
large as 1 in.; 1 ft. zone of rubble and 
cinders at base; weathers to vertical ledge; base 
sharp.

8 Lithic tuff, moderate brown, medium to very coarse, 3
sorting poor, subangular to subrounded, very thin- 
bedded, flat, firm, noncalcarecus; subrounded 
cinders and scoriaceous basalt fragments as large 
as 1 in.; very thin beds of fine quartz sand and 
silt at top; 1 ft. zone of fine silt and ash at 
base; weathers to steep cliff; base sharp.

7 Sand and clay, pale yellowish-orange; sand silty 100
to fine, sorting poor, weak, calcareous, very 
thin-bedded, lenticular; irregular - lenses of sandy 
silt and clay interfinger throughout unit; few 
thin lenses of fairly pure clay; zone of well 
indurated sand and silt near top; thin beds of 
sandy limestone throughout; upper 10 ft. composed 
of fairly pure white clay interlaminated with 
silt; 4 ft. zone of subrounded limestone pebbles 
at top; unit weathers to steep, smooth slope; 
base covered.

Covered interval. 35
6 Sandstone, grayish-orange-pink, fine to medium, 12

sorting fair, subangular to subrounded, hard, 
calcareous, very thin-bedded, flat; quartz, 
feldspar, volcanic rock fragments; weathers to 
moderate slope; base sharp.
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Unit
No. Description

Thickness 
in feet

5 Sandstone, grayish-orange-pink, medium, 
sorted, subangular to subrounded, firm.

well
calcar-

25
ecus, thin-bedded, some low-angle cross-bedding; 
well stratified zone of discoidal granitic and 
intermediate volcanic pebbles in lower 2 in. of 
unit; weathers to steep slope; base sharp.

4 Sandstone, grayish-orange-pink, medium, to coarse, 40
sorting fair, subangular to subrounded, weak to 
hard, calcareous, very thin-bedded, flat; quartz, 
feldspar, volcanic rock fragments; weathers to 
moderate slope; base transitional.

3 Sand, argillaceous, moderate reddish-orange, 49
poorly sorted, weak, calcareous, laminated to thin- 
bedded, lenticular; contain thin zones of marl 
plates throughout; thin limestone bed 12 ft. 
from base; weathers to moderate slope; base sharp.

2 Vitric tuff, very light gray, poorly sorted, ang- 2
ular to subrounded, firm, faintly calcareous, 
laminated to very thin-bedded, low-angle cross
bedding; angular red to black volcanic rock frag
ments, some scoriaceous; euhedral magnetite, 
pyroxene, hornblende crystals; irregularly shaped 
fragments of white pumice as large as 3 in.; 
quartzose silt matrix; contains very thin lenses 
of volcanic rock fragments as large as -g in.; 
fractures blocky; weathers to vertical ledge; 
base sharp.

1 Siltstone, grayish-orange, firm, calcareous, very 12
thin-bedded, lenticular; contains thin lenses of 
well sorted, very fine quartz sand; very thin 
lenses of dark brown, fairly pure clay scattered 
throughout unit; thin marl plates near top; 
weathers to steep, hummocky slope; base covered.

Total measured thickness 286



STRATIGRAPHIC SECTION 14

SW£ Sec. 20, R. 19 E., T. 3 S.; elev. at base 2715; measured along 
side of wash and in road cuts on old U. S. Highway 70, at Hawk 
Canyon.

Erosion surface.
Unit Thickness
No. Description in feet
4 Conglomerate, cobble; poorly sorted, subangular 40

to subrounded; bedding locally graded; acid to 
intermediate igneous rocks; average diameter 
6 in., some 2 ft. boulders; much channelling and 
high-angle cross-bedding; limonite staining 
throughout; weathers to steep hilltop; base 
sharp, interfingers slightly with unit below.

3 Clay, silty, light brown, firm, calcareous, lamin- 24
ated, locally deformed; thin marl plates through
out; purer clay beds are deformed and have allowed 
downward displacement of overlying beds; 3 in. 
ledges of hard, calichified fine gravel at bases 
of some subunits; weathers to steep slope; base 
sharp.

2 Gravel and sand, light brown, poorly sorted, angular 3
to rounded, firm, calcareous, thin- to thick-bedded, 
lenticular; acid to intermediate igneous rock frag
ments, quartz, feldspar, mafic mineral grains; sand 
contains very thin silt layers; contacts between 
sand and gravel beds sharp; weathers to moderate 
slope; base sharp.

1 Clay and limestone, light brown, laminated to very 37.5 
thin-bedded, irregular; limestone is blue-gray, 
hard, silty, very thin-bedded, lenticular; clay is 
fairly pure at base, silty toward top of unit; thin 
zone of discoidal limestone pebbles at top; unit 
weathers steep in sides of wash; base covered.

Total measured thickness 104.5
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STRATIGRAPHIC SECTION 15

SW& Sec. 31# R. 22 E.# T. 3 S.; elev. at base 2879; measured in wash
1000 ft. east of unpaved road, 1 .2 mi. southwest of junction with
U. S. Highway 70 on east edge of Bylas.
Erosion surface.
Unit Thickness
No. Description in feet

6 Gravel, poorly sorted# average size 6 in.# angular 8.5
to subangularj acid and intermediate volcanic 
rocks# matrix weak, silty; weathers to rounded, 
moderate slope; base sharp.

Erosion surface.
5 Sandstone, silty, grayish-orange, fine to silt- 34

size, sorting fair, hard to firm, calcareous, thin- 
bedded, flat; contains very thin layers of silty 
clay near base; 13 ft. from base is 4 ft. bed of 
brown, fairly pure, laminated clay with abundant 
halite and gypsum crystals; at top of unit is 1 .5  
ft. zone of sandstone rubble and caliche; iron 
oxide staining throughout unit; fractures tabular; 
weathers to gentle, rounded slope; base transitional.

4 Clay, silty, light brown, weak, laminated to thin- 6
bedded; contains laminations of very fine quartz 
sand and pyroclastics; fine quartz sand in upper 
part; weathers to moderate slope; base sharp.

3 Silt, tuffaceous, light gray, poorly sorted, weak, 1.5
slightly calcareous, laminated to very thin-bedded; 
very fine pyroclastics with silt- and smailer-size 
quartz; reddish, subangular volcanic rock frag
ments, minor mafic crystals, rounded g - 2 in. 
pumice fragments;- fractures tabular; weathers to 
gentle slope, appears as highly visible light band 
on and below outcrop; base transitional.

2 Claystone, dark yellowish-brown, firm, plastic, 2
slightly calcareous, laminated, flat; fractures 
blocky, weathers to gentle slope; base sharp.
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Unit
No. Description
1 Sandstone, grayish-orange-pink, fine to very fine, 

sorting fair, subangular to suhrounded, weak to 
firm, calcareous, some hard layers, thin-bedded, 
flat, minor low-angle cross-bedding; thin beds of 
brown, laminated clay in upper part; weathers to 
steep, smooth slope; base covered.

Total measured thickness

Thickness 
in feet

38
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STRATIGRAPHIC SECTION 16

SV$ Sec. 30, R. 21 E., T. 2 S .j elev. at base 2736; measured in
v'fild Horse Canyon, 1000 ft. south of U. S. Highway 70.
Erosion surface.
Unit
No. Description
7 Gravel and boulders, poorly sorted; largest

fragments 3 ft. diameter; angular to subrounded; 
volcanic and sedimentary rocks, in a calichified 
silty matrix; weathers to steep slope; base 
sharp.

Erosion surface.
6 Clay, silty, dark reddish-brown, hard, locally 

calcareous, laminated to very thin-bedded; thin 
marl plates abundant near top of unit; fractures 
conchoidally; weathers to gentle slope; base sharp.

5 Marl, white; cement variable; thin-bedded; lower 7
part plastic; near top is 2 ft. bed of hard lime
stone with layers of pebble-size limestone rubble; 
weathers to steep slope; base transitional.

4 Clay, pale reddish-brown, firm, laminated, flat; 9
1 in. bed of silty clay in middle of unit; abund
ant evaporites near base; weathers to steep slope; 
base transitional.

3 Clay, silty, grayish-orange-pink, firm, slightly 5
calcareous, very thin-bedded, flat; lower part of 
unit silty; visible percentage of glass shards in 
lower foot; few very thin plates of calcareous 
clay near base; weathers to moderate, rounded 
slope; base transitional.

Thickness 
in feet
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Unit Thickness
No. Description in feet

2 Vitric tuff, bluish-white, silt-size, well sorted; 
calcareous and firm in upper 2 in., rest of unit

0.5
unindurated and powdery; clear glass shards, no 
visible accessories; weathers to recess; base 
sharp, undulating.

1 Clay, pale reddish-brown, firm, locally calcareous, 
laminated, flat; calcareous zone 7 ft. from base 
contains, abundant fossil plant material; weathers 
to gnarly, convex slope; base covered.

14

Total measured thickness 134.5



STRATIGRAPHIC SECTION 17

NW£- Sec. 25, R. IB E., T. 1 S.j elev. at base 2632; measured on 
south side of Peridot Mesa, -4 mi. west of road from Peridot 
Junction to Sen Carlos.
Erosion surface.
Unit
No. Description

Thickness 
in feet

7 Basalt, very dusky red, dense to vesicular; 40
scoriaceous at base; contains abundant large 
olivine phenocrysts; flow structure at base; 
weathers to vertical ledge; base sharp.

6 Send and sandstone, pale yellowish-orange, 24
fine to medium, sorting fair, thin-bedded, 
lenticular; quartz, acid to intermediate volcanic 
rock fragments; thin ledges of hard, calcareous 
sandstone throughout unit; weathers to moderate 
slope; base transitional.

5 Silt, argillaceous, grayish-orange, weak, calcar- 9
eous, laminated, irregular, porous; weathers to 
gentle slope; base transitional.

4 Sand and sandstone, pale yellowish-orange, fine 75
to medium, sorting fair, subangular to subrounded, 
laminated to thin-bedded, flat, local low-angle 
cross-bedding; quartz, acid to intermediate 
volcanic and granitic rock fragments, minor mica 
flakes; 18 ft. from base is a 6 ft. vertical 
ledge of hard, tuffaceous sandstone; 30 ft. from 
base is a 5 ft. zone of silty clay; unit weathers 
to steep slope; base transitional.

3 Sandstone, very pale orange, very fine to medium, 16
poorly sorted, subangular to subrounded, weak, 
calcareous, very thin- to thin-bedded, irregular; 
quartz, acid to intermediate volcanic rock frag
ments; weathers steep to vertical; base transitional.
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2 Sand and sandstone, pale yellowish-orange, fine
to medium, sorting fair, subangular to subrounded, 
laminated to very thin-bedded, flat, some low- 
angle cross-lamination; quartz, acid to inter
mediate rock fragments, mica; contains very thin 
beds of fine to medium volcanic and granitic 
gravel in varying abundance throughout unit; thin 
to thick ledges of calcareous sandstone in upper 
part; lenses of fine gravel near top; unit 
weathers to gentle slope; base transitional.

1 Siltstone, pale yellowish-orange, firm, calcareous, 
laminated, flat; contains thin lenses of fairly pure 
clay; very thin lenses of white silty limestone 
throughout unit; weathers to moderate slope; base 
covered.

No. Description

Total measured thickness



STRATIGRAPHIC SECTION 18

NT'u; Sec. 21, It. 19 E., T. 1 S.j elev. at base 3002; measured in side 
of cliff 500 ft. r;est of Cattle Breeding Station road, 2.7 mi. east 
of junction v/ith San Carlos - Peridot Junction road.

Erosion surface.
Unit
No. Description
14 Basalt, dusky brown, dense, non-vesicular; 6 ft. 

scoriaceous zone at top of lower flow; poorly 
developed columnar structure; total thickness 
formed of several flows as overlapping lobes; 
near top of unit is thin bed of coarse tuff and 
red clay; unit weathers to steep ledges; base 
sharp.

13 Marl, silty, white, firm, laminated to thin-
bedded, flat; thin silt beds in lower part; very 
abundant fossil plant material throughout upper 
30 ft. of unit; weathers to steep slope with 
ledges; base sharp.

12 Sand, silty, light brown, fine to coarse, poorly 
sorted, rounded to subangular, firm, argillaceous; 
thin-bedded, flat; acid to basic rock fragments, 
quartz; weathers to vertical face; base sharp.

11 Basalt, dusky red; finely scoriaceous and rubbly 
in lower 6 ft.; upper 15 ft. coarsely scoriaceous; 
middle of unit dense, with well developed columnar 
structure; weathers to vertical cliff; base sharp.

10 Silt, light brown, weak, calcareous, thin- to thick- 15 
bedded, flat; contains thin beds of clay and marl; 
thin lenses of gravel and pumice at base; weathers 
to steep slope; base sharp.

9 Sandstone, tuffaceous, grayish-orange, very fine 4
to medium, poorly sorted, angular to subangular, 
firm, calcareous, thin-bedded, flat; quartz, acid 
volcanic rock fragments, pumice; weathers to steep 
slope; base transitional.

Thickness 
in feet
278

60

14

40
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Unit
No. Description

8 Silt, pale yellowish-brown, weak, argillaceous,
laminated to massive, flat; contains thin beds 
of blue-gray calcareous clay near base; weathers 
to steep slope; base sharp.

7 Gravel, light olive-gray, pebble, poorly sorted, 
angular, firm, noncalcarecus, crudely thin-bedded; 
acid to intermediate volcanic rock fragments and 
pumice; matrix of sand- and silt-size fragments;
4 ft. zone of volcanic, subangular cobbles near 
top; unit weathers to steep slope; base sharp.

6 Conglomerate, yellowish-gray, pebble, sorting
poor, angular to subangular, hard, non-calcareous, 
crudely stratified, low-angle cross-bedding; acid 
to intermediate volcanic rock fragments; contains 
thin, well sorted tuff beds, small channel deposits, 
and pockets of poorly sorted sand; weathers to 
vertical ledge; base sharp.

5 Lithic tuff, pale yellowish-brown, lapillae, coarse, 11 
firm, non-calcareous, poorly stratified; acid to 
intermediate lapillae and blocks in a tuff matrix; 
matrix is B0% of rock; 1 ft. zone of rounded pumice 
pebbles at base; 6 ft. zone of very fine white 
tuff and clay at top; weathers to vertical face; 
base sharp.

4 Lithic tuff, grayish-orange, sandy, poorly sorted, 3
subangular, thin-bedded, flat; red to gray volcanic 
rock fragments in matrix of very fine quartz; 
mafic crystals and obsidian fragments accessory; 
weathers to vertical ledge; base covered.

Covered interval. • 12

3 Sandstone, tuffaceous, light brown, medium to 14
coarse, sorting fair, thin-bedded, lenticular; 
quartz, acid to intermediate volcanic rock frag
ments; thin beds of angular pyroclastic fine 
gravel throughout; large blocks of angular volcanic 
breccia at top; weathers to steep slope; base sharp.

Siltstone, grayish-orange, firm, calcareous, very 6
thin-bedded, flat; minor pyroclastic accessories; 
contains white calcite laminae; weathers to moderate 
slope; base covered.

Thickness 
in feet

25

2
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Unit
No. Description 

Covered interval.

1 Lithic tuff, silty, grayish-orange, poorly sorted, 
angular to subangular, weak, calcareous, thin- to 
very thin-bedded, flat, locally disturbed; acid 
to intermediate volcanic rock fragments, pumice; 
matrix of very fine quartz sand and silt; acces
sory mafic crystal fragments and glass shards; 
contains basaltic bombs as large as 1 ft., in 
impact structures 1 - 2  ft. deep; weathers to steep 
slope; base covered.

Thickness 
in feet

7
10

Total measured thickness 531



STRATIGRAPHIC SECTION 19

NsJjf Sec. 2, R. 21 E., T. 3 S.J elev. at base 2631; measured in small 
canyon 500 ft. east of unpaved road and g mi. north of junction with 
U. S. Highway 70.
Erosion surface.
Unit Thickness
No. Description in feet
3 Silt and limestone, grayish-orange-pink, hard 53

to weak, very thin-bedded, flat; lateral continuity 
poor; silt massive, calcareous, porous, with locally 
abundant calcareous plant fossils and worm burrows; 
limestone hard, silty, locally dense and fractured; 
rare brown chert nodules in limestone; weathers to 
moderate slope with ledges; base sharp.

2 Limestone, very pale orange, silty, finely crystal- 2
line, hard, thin-bedded, flat; weathers to promin
ent projecting ledge; base transitional.

1 l̂ arl and silt, grayish-orange-pink; marl dense, 24
firm to hard, laminated, flat, in thin ledges; 
silt weak, faintly calcareous, porous, thin-bedded;
14 ft. from base is zone of abundant calcareous 
plant fossils, broken and stratified; near top is 
6 in. zone of irregularly etched limestone pebbles; 
unit weathers to moderate, smooth slope; base 
covered.

Total measured thickness 79
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APPENDIX B
PETROGRAPHIC DESCRIPTIONS 

LIMESTONES

Sample .
No. Description
1-3 Calcilutite, grayish-yellow, very fine granular, argillaceousj 

etches to rough, very fine granular surface with small patches 
of purer calcite in high relief.

7-1$ Calcilutite, white, very finely crystalline; contains fragments 
of quartz, hornblende, minor feldspar, trace rutile and magnet
ite; fine crystalline secondary calcite incompletely fills 
pores and fissures; minor chert blebs, partially crystallized,
in fissures.

Calcite, clear .................  85%
Quartz, angular ........... .'......10$
Hornblende.... ............    4%
Feldspar and minor heavies.......  1%

7-17 Calcilutite, yellowish-white, microcrystalline; matrix dirty, 
dense, structureless, slightly porous; minor clear secondary 
calcite as pore fillings; contains fragments of angular, non- 
oriented quartz. Etches to uniform, smooth surface with few 
scattered clay grains, rare heavy mineral grains.

Calcite, dirty .................... 90%
Quarts, angular ................... 10%
Sodic feldspar, hornblende ......  trace

7-27 Calcilutite, white, microcrystalline; rare grains of heavy
minerals; cut by network of coarse crystalline clear calcite. 
Etches to smooth patches with calcite veins in high relief.

Calcilutite ....................... 75%
Vein calcite...................... 2$%

7-35 Calcilutite, very pale orange, very fine crystalline; contains 
abundant organic material; subangular to subrounded interclasts; 
very fine angular quartz grains; clear, coarse crystalline 
calcite as pore fillings. Etches to silty, finely rough surface 
with abundant projecting organic material; ostracode tests,
Chara stems, other unidentifiable remains.
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8-2 Calcarenite, pale reddish-brown, very fine-grained; inter-
clasts of microcrystalline calcite, quarts grains, and 
minor heavy minerals in clear calcite cement; cut by veins 
of coarsely crystalline calcite; etches to rough, silty

Sample
No. Description

surface.
Inter clasts ............     65%
Cement .................   20%
Quartz and minor heavies ......... ±5%

8-5 Calcarenite, very pale orange, very fine-grained; interclasts
of microcrystalline to very fine crystalline calcite in clear 
calcite cement; minor mafic grains; interclasts rounded, 
partially replaced by clear calcite; 2nd generation of clear 
calcite replacing cement along fissures and around interclasts; 
rare pinkish-brown dolomite rhombs in 2nd generation calcite; 
etches to fine granular surface with projecting veins and
rare quartz and clay grains.

Inter clasts .................. . 75$
1st generation cement ............20%
2nd generation cement ............ 5%
Quartz and heavies .............. trace

10-3 Calcarenite, very pale orange, very fine-grained; angular
to subrounded, microcrystalline to fine crystalline calcite 
interclasts; minor quartz, mica, hornblende, and augite in 
fine crystalline calcite cement; minor coarse crystalline 
calcite pore fillings. Etches to rough surface with thin 
layers of clear calcite parallel and perpendicular to bedding.

Inter clasts ...................... 80%
Cement ...........   17%
Quartz and heavies ......      3%

10-7 Calcarenite, grayish-orange-pink, very fine-grained; inter
clasts of microcrystalline calcite and quartz silt in clear 
calcite cement; cement partially brecciated.

Inter clasts ..................... 85%
Cement ..........................  15%

11-19 Calcilutite, white, microcrystalline, structureless; angular 
fragments of quartz, albite, and glass scattered throughout; 
contains rare organic(?) structures. Etches to fine granular 
surface with projecting quartz and glass fragments.

Calcilutite... ..................95%
Quartz, feldspar, glass .........  5%



3- 8

4- 9

7-16

7-18

7-36

11-1

11- 14

12- 5

Sample
No.

- PYROCIASTICS

Description
Glass, clear, minus 40; mostly powdered grains5 few shards, 
conchoidal to triangular; minor quartz, pyroxene, and other 
very fine, broken euhedral crystals, n = 1.498.
Tuffaceous siltstone, very light gray; quartz, unbroken and 
unworn hornblende and pyroxene crystals, fine sand-size 
volcanic rock fragments, white pumice fragments as large as 
1 cm. n - 1.508.
Glass, clear to pale yellow-green; shards curved, triangular, 
some elongated and striated; minus 40* n Z 1.50$.

Silty vitric tuff, grayish-yellow, fine to very fine; highly 
vesicular brown glass fragments intermixed with clay and 
silt, minor fine crystals of pyroxene, rare very fine glass 
shards; delicate bubble walls unbroken; large fragments 
subrounded.
Silty vitric tuff, light olive-brown, medium; irregular, 
black to red glass fragments, minor rock fragments, angular 
to subangular quartz grains; interstitial silt; carbonate 
cement.

Tuffaceous siltstone, moderate pink, poorly sorted; coarse 
to fine volcanic rock fragments, subrounded to rounded, in 
matrix of very fine quartz sand and silt; occasional horn
blende and pyroxene crystals.

Hybrid tuff, grayish-yellow-green; red to purplish, non- 
scoriaceous, volcanic rock fragments; matrix is sand- 
to silt-size quartz and pyroxene, minor olivine; occasional 
black glass shards; matrix composes 60^ of rock; calcareous 
cement.

Silty vitric tuff, moderate pink; rounded fragments of white, 
vesicular pumice as large as 4 mm in matrix of silt and glass 
shards; small, subangular rhyolite pebbles; occasional unworn 
fragments of hornblende; matrix composes 80^ of rock.
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13-2 Vifcric tuff, very light gray; pumice fragments, volcanic 
rock fragments, euhedral pyroxene, hornblende, magnetite, 
chlorite leaves, minor euhedral quartz; pumice white, 
highly vesicular; rock fragments red to black, some scor
iaceous; crystals euhedral, unbroken and unrounded. 
Crushed pumice sample shows high concentration of dusty . 
magnetite in shards; brown; does not extinguish under 
crossed nicols; has gray interference color; n= 1.483*

15- 3 Tuffaceous silt, light gray, very fine; subangular
volcanic rock fragments, quartz, calcareous cement; 
rare pyroxene crystals; weak, some silty aggregates.

16- 2 Vitric tuff, bluish-white, very fine to silt-size; clear
to light gray-brown glass shards, rare quartz; shards 
triangular and curved; n - 1 .503*

18-1 Tuffaceous siltstone, grayish-orange; pumice fragments as 
large as 3 mm and angular to subangular volcanic rock 
fragments in a matrix of very fine quartz sand and silt; 
minor crystal fragments and shards.

18-4 Sandy lithic tuff, grayish orange; red to gray volcanic 
rock fragments, broken pyroxene and hornblende euhedra, 
minor black glass shards; in matrix of very fine angular 
quartz grains and calcareous cement. .

Sample
No. Description



BASALTS

11-9 Basalt, porphyriticj light brown; subhedral phenocrysts of olivine 
and enstatite in pilotaxitic matrix of labradorite microlites; 
magnetite as disseminated grains; minor amount of reaction to 
enstatite around rims of olivine crystals; much alteration of oliv
ine to reddish-brown material (iddingsite?) with chlorite as dis
seminated grains and rims; many microfractures associated with

Sample
No. Description

alter at ion.
Labradorite An re ............ 55%
Olivine .........   10%
Enstatite ...........    1D%
Magnetite ................... 10$
Iddingsite (?) ............... 10$
Chlorite ...................  5%

13-9 Basalt, porphyritic; dark gray; subhedral phenocrysts of olivine 
and augite in inter sertal matrix of needlelike labradorite laths 
and interstitial glass; subhedral to euhedral very fine magnetite 
grains scattered throughout matrix; minor alteration of olivine
arcund rims.

Labradorite An^Q-An^c ....... 30$
Magnetite ................... 25%
Olivine F o g o .... ........... 20$
Augite .....................  15$
Glass ......................  10$

18-14 Basalt, porphyritic; dusky brown; subhedral olivine phenocrysts
in ophitic matrix of labradorite microlites and anhedral enstatite; 
disseminated magnetite in very fine euhedral to subhedral grains; 
reddish alteration of olivine in thin rims around phenocrysts and
embayments.

Labrador ite An^Q ............ 55$
Magnetite ...........  15$
Olivine FoS0 ..........   15$
Enstatite ..................  15$
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