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ABSTRACT

A new formation, the Pantano, of probable lower Miocene age is
present.

The Pantano formation consists of 13,762 feet of conglomerate,

sandstone, and mudstone, with three andesite flows intercalated with
the sediments.

The presence of this extensive basin-fill deposit indi

cates that Basin-Range type structures were present in this part of
Arizona as early as lower Miocene.
The Pantano formation has regional dip to the east, and is overlain
by thrust block of older rocks and by younger sediments.
A simple thrust block"of Precambrian granodiorite, with Bolsa
quartzite deposited on it, is present in the east north central portion
of the area.

A large, complexly faulted fault block of undifferentiated

Carboniferous rocks lies to the west.
In the central and south-central parts of the area there are im
bricate thrust blocks of Bisbee(?) formation, quartz monzonite, and
gneiss, lying over the Pantano.

There was some minor alteration and

mineralization along fault planes.
Presence of thrust sheets on the Pantano indicates the last major
disturbance in this region occurred after lower Miocene.
Late. Tertiary and Quaternary deposits were not affected by the
faulting.

The area is now being actively eroded.
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INTRODUCTION
PURPOSE AND SCOPE OF INVESTIGATION
The present reconnaissance of the geology of Cienega Gap was under
taken in an attempt to map the gross aspects of the lithology, distribu
tion, and structure of rocks in an unmapped area.

Problems arising in

the course of the investigation were chiefly due to complex structure
and difficulty in correlating units because of lack of fossils and
similarity of beds.
and named.

One formation not previously described, is measured

Several other units are recognized, but not described in

detail due to incomplete information.

In the course of the work several

new problems were recognized.
The area studied lies about 30 miles southeast of Tucson, Pima
County, Arizona (Plate 1.)

It is bounded on the west by the Vail-Helvetia

road, on the north by an east-west line through Day's Ranch, on the east
by a north-south line through the horseshoe bend on the Southern Pacific
Railroad near the Empirita Ranch house, and on the south by approximately
the 4,000-foot contour at the northern end of the Empire Mountains.

These

boundaries encompass an area of about $0 square miles in Townships l6 and
17 south, Ranges 16, 17, and 18 east, Gila and Salt Rivers base line and
meridian.
United States highway 80 traverses the area from northwest to south
east.

Arizona highway 83 joins highway 80 at Mountain View, and runs in

a southerly direction toward Sonoita.

Two lines of the Southern Pacific

railroad also run across the area in a southeasterly direction.
numerous roads and trails in the region.

There are
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The only settlement in the area is Vail, in the northwest corner.

It

is a stop on the Southern Pacific lines and is bisected by the Colossal
Cave road.

Pantano and Marsh are other stations on the railway.

The Day

Ranch, at the north; the Empirita Ranch at the east; the TM ranch at the
south; and Rancho del Lago on the west; lie near the boundaries of the
area.

Desert Acres and Mountain View, filling station-restaurant enter

prises along highway 80 are sporadically occupied by hopeful entrepreneurs.
Cienega Creek is the main drainage for the area.

Secondary drainage

includes Aqua Verde Creek on the north and Davidson Creek on the south.
All creeks in the area are intermittent, and flow only after very heavy
rains, usually in late summer.

Percolating groundwater of Cienega Creek

is forced to the surface throughout the year by a permeability barrier
just east of the bridge on former highway 80.

This surface water is

absorbed by the deep gravels downstream.
The highest point in the area is in the roughly triangular-shaped
series of hills rising in the northeast corner of the region, approximately
4,200 feet above sea level.

The lowest point is along Cienega Creek at

Vail, where the elevation is 3> 100 feet.
feet.

Total relief is about 1,100

Locally, relief is relatively low, with the maximum being about

500 feet in the hills southeast of Day's Ranch.
PREVIOUS WORK
Little published information on the area is available.

A United

States Geological Survey open file report and map.of the Tucson 30-minute
quadrangle by B. N. Moore and C. F. Tolman covers the area north of an
east-west line through Pantano.

All of the area south of Pantano is in-
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eluded in a report on the Santa Rita and Patagonia Mountains "by E. G.
Schrader (1915•)

However, Schrader was primarily interested in mineral

deposits, so did not actually visit this part of the region, and his map
shows only "Quaternary gravels and sands" in the area now under con
sideration.
The Empire Mountains, immediately to the south of the area under
study, have been the subject of numerous detailed studies.

Dr. Frederic

W. Galbraith made available his manuscript map of the Empire Mountains.
Since the only available map of the area, at a scale of 1:125,000 is
scarcely suitable for mapping, a base map had to be prepared.

One was

made at a scale of 1:31,680, using information obtained from Soil Con
servation Service serial photos; aerial photos by Buehman Photographers
of Tucson; Arizona Highway Department; Southern Pacific Railroad; and
personal knowledge.

Enlargements from the 30-minute Tucson and Patagonia

quadrangles were used to provide generalized contours for the area.
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SEDIMENTARY ROCKS

INTRODUCTION
The sedimentary formations mapped in this region are Bolsa quartzite;
undifferentiated Andrada, Scherrer, Concha, and Rainvalley rocks; Bishee
formation; Pantano formation (new name); late Tertiary fanglomerate; late
Tertiary stream deposits; and Quaternary alluvium.
Pantano formation is of probable lower Miocene age.

The newly-descrihed
Absent from the area

probably due to faulting are the Abrigo limestone, Rincon limestone, Martin
limestone, Escabrosa limestone, and.parts of the Carboniferous formations.
Missing by reason of erosion is the top of the Bolsa quartzite.

Upper

Cretaceous rocks are not recognized within the area, nor is the base or
top of the Pantano or the top of the Bisbee formation.
All of the Paleozoic and Mesozoic rocks are in position by virtue of
thrust faulting; the Pantano formation dips eastward and is faulted; and
the younger formations are essentially undisturbed.

BOLSA QUARTZITE
Several exposures of Bolsa quartzite occur on hilltops in sections
l4, 22,

23)

26, and 2$, T. 16 S., R. 17 E. in the east north central por

tion of the area.

The durable quartzite overlies a less resistant

granodiorite, hence forms the capping on hills.
north of Pantano, is topped by Bolsa.

Cross Hill, immediately

Only about 20 feet of the forma

tion are present in this region due to erosion.

The beds present are

sandy conglomerate with quartz pebbles up to six millimeters in diameter.
It is a poorly sorted sediment with a matrix of fine, medium, and coarse,
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sub angular to subround sand grains, together with five to ten percent
fine-grained interstitial hematite.

The pebbles are predominantly quartz,

with only about five percent rock fragments present.
observed.

About five percent of the quartz grains exhibit secondary

enlargement.
maroon.

IIo feldspar was

The hematite colors the whole formation dark purplish

The combination of quartz and hematite cement makes it a very

tough rock unit.
Wherever observed in this region, the Bolsa quartzite is on an erosion
surface on the granodiorite, and forms the tops of hills, so is not covered
by any other formation.
and erosion.

The distribution is controlled both by faulting

First the granodiorite, with a cover of Bolsa, was faulted

into the area, and then erosion left remnants of the Bolsa atop the hills.
This unit is correlated with the Bolsa of the Bisbee and Tombstone
areas (Ransome, 1904, Butler et al, 1938.)

The correlation is made on

the basis of lithologic identity, and on sequence of units.

It is known

that at Tombstone, the Bolsa is underlain by a very similar granodiorite.
Hence the correlation is considered sound.

UNDIFFERENTIATED CARBONIFEROUS ROCKS
Rocks which are clearly Carboniferous crop out near the north edge and
just south of the region studied.

Except for the area southeast of Day's

Ranch, they have been mapped in detail by others (Alberding, 1938;
Gillingham, 1936; Layton, 1957j Sears, 1939.)
The upper Paleozoic rocks of this area are divided into several forma
tions (Wilson, 1950 p. 50; Bryant, 1955) even though to the east, in central
Cochise County, each is divisible into several more formations (Gilluly,
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Cooper, and Williams, 1954.)

In this part of Pima County, the Andrada,

Scherrer, Concha and Rainvalley formations may he recognized, but they
are not separated in this report.
The Andrada formation of Pennsylvanian and Permian age is composed
of gray limestone, gray, red, and green mudstone, siltstone, and sand
stone, black limestone, and a very small amount of gypsum.

The Permian

formations are composed of quartzose sandstones and massive limestone
with chert in various forms.

Total thickness of the whole sequence, if

it were complete would be 4,000 feet to 4,500 feet (McKee 1951, pi. 2.)
However,, the section is badly faulted and is incomplete.
Nowhere in this region are the Pennsylvanian-Permian formations
found in normal stratigraphic sequence.

Within themselves, they may

be in normal order, but the main bodies are found to be thrust blocks
(Layton, Personal communicationj Wilson, 1950•)

-

These rocks yield the only index fossils found in the area. . The
presence of Composita, Syringopora, Punctospirifer, and various fusulinids
is generous proof of the age of the formations.

They are correlated with

the Pennsylvanian-Permian formations well-known in southern Arizona.
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BISBEE(?) FORMATION
General Statement.

The Bishee(?) formation crops out in the south

central portion of the area, occurring in a pattern which may be likened
to an upside-down "Q". The tail of the Q extends northward from the south
boundary of sections 32 and 33; T. 16 S., R. 17 E. almost to the north
line of sections 28 and 29•

The circle for the Q, going counter clock

wise, lies in sections 3, 4, 5, 6 , 7, 8 , 17, 18, 16, 15, and 10, T. 17 S.
R. 17 E.

The circle is broken in sections 15 and l6 due to transverse

faulting.
Stratigraphic relations.

Nowhere within the area under consideration

are the Cretaceous rocks found in normal stratigraphic position.
are present by virtue of having been thrust into the area.

They

Even within

the area mapped as Bisbee(?) formation, the sequence is marred by faults
which are interpreted as shears formed during the thrusting episode. . As
a consequence of lateral movement along one set of these shears, blocks
from various parts of the section have been thrown into apposition with one
another. For example, what is presently interpreted as the base of the
Bisbee(?) in NE£, section 32, T. l6 S., R. 17 E. is in the middle of a
thick sequence of vertical beds.

The relations of the remaining blocks

of the Cretaceous are by no means so clear.

The presentation given here

is broadly interpretive and may well be revised upon completion of detailed
mapping and recognition of marker beds within the section.
Description.

The basal member of the Bisbee(?) formation in this area

is an arkosic conglomerate derived from the underlying pre-Cretaceous
granite.

It is composed of weathered orthoclase, quartz, and muscovite.
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together with the weathering products of accessory minerals from the
granite.

Pebbles and cobbles up to five inches in diameter' occur sporad

ically through the unit. (Figure 1.)

For the most part, however, this

•unit is composed of well-sorted, massive sand and pebbles.

In large

part it has been altered and weathered so that distinguishing between the
granite and the arkose is extremely difficult unless bedding planes are
found.
The arkosic conglomerate grades upward into alternating sands and
shales of arkosic composition.

The top of this basal arkosic unit is

faulted out malting it impossible to measure total thickness, but at least
2 ,0 0 0 feet to 2 ,5 0 0 feet of sediments are now present.
Another block, believed to represent a lateral facies change of the
same basal interval, occurs directly north of the block described above.
A polymictic conglomerate thought to be the lower member is exposed in
a railroad cut in SE-J,

section 29, T. l6 S., R. 17 E.

It is composed

of angular to subround pebbles of quartzite, quartz and dark, fine-grained
rocks, up to 25 mm. in diameter.

The matrix contains well-rounded quartz,

angular plagioclase, and much clayey material. Lying immediately above
is a strongly-cemented, coarse grained, arkosic sandstone which weathers
to a brick red color, although fresh surfaces show a gray-green color
flecked with pink from some of the feldspars.

Upward in the section

degree of cementation decreases and green color also becomes dominant.
It is thought that the next succeeding part of the section was folded
over into a recumbent fold during the thrusting so that exposures are
found both north and south of the conglomerate and hard sandstone.

Beds

Figure 1

Cobbly member of the basal Bisbee (?) arkose in NE-r, Section
32, T. 16S., R. 17E.
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of greenish sandstone and mudstone alternate for over a thousand feet
in this part of the section.

To the north of the railroad cut, there

occurs a light, gray, fresh-water, oolitic limestone about 20 feet thick.
Small nodules which may represent algal secretions are also present.

This

limestone probably formed in a temporary lake during this episode of
relatively slow sedimentation.
Total thickness of this part of the section is about 3;500 feet, with
a map outcrop normal to strike of about 3 ,7 0 0 feet and an average dip of
70 degrees.
Relationships of the remainder of the Cretaceous section are even
less clear.

However, it is thought that alternating beds of sand and

shale were deposited to a considerably greater thickness than is present
in the basal blocks.

Sediments representing this additional thickness

are found in sections 3, 4, 5, 6 , and 7, T. 17 S., R. 17 E.

In some

places in sections three and four, the sandstones have been considerably
altered and silicified so that they are now hard resistant orthoquartzites
which form prominent hills.

To the west, in section 6 , there has been

no silicification and the rocks are soft, red-brown sandstones, with
very soft mudstones intervening.

Above these recurrent reddish sediments

a few of the alternating sandstones are pure white saccharoidal medium
grained rocks between bright red mudstones.

This whole succession of a

alternating sands and muds is at least 7 ,^ 0 0 feet thick as now exposed.
Lying above the sands and shales mentioned above is a group of
arkosic pebble conglomerates, pebbly black limestones and black fossiliferous limestones.

At least one "oyster-reef" limestone bed is present.
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Just how thick and extensive these rocks are, is impossible to say, for
their relations are badly obscured by faulting.

In addition to these,

there is also a tremendous, though unmeasured thickness of porphyritic
rhyolites and pyroclastics, which are believed to be the uppermost
Cretaceous rocks in the area.

They are included within the Bisbee(?)

formation because they are apparently interbedded with some of the arkoses
in some places.

It is possible that they were deposited continuously

through late Cretaceous into early Genozoic, but evidence is lacking in
this area.
In hand specimen, a typical example of the rhyolites shows subhedral
quartz phenocrysts up to eight millimeters in diameter, creamy-colored
feldspar phenocrysts up to 12 mm. and biotite up to f^ive millimeters.
Typically, the feldspars are anhedral and badly corroded by late
magmatic fluids.

The recognizable minerals are set in an aphanitic buff

colored matrix.
Other rocks represented in this series include pink rhyolite, white
"welded" tuff, and flow breccias.

None of these rocks are mapped separate

ly because they are easily eroded and their contacts are obscured by talus
Thickness of the limey unit and of the volcanics is not known at
all accurately.

As a preliminary estimate, a thickness of $00 feet is

assigned to the limestone-bearing unit, and of several thousand feet to
the volcanic unit.

The top of the Bisbee(?) formation is not recognized

in this area.
Thickness.

Simple addition of the figures given above gives a

thickness of from 9 ,9 0 0 feet to 11,400 feet of sediments plus several
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thousand feet of volcanics, probably giving a theoretical total of at
least 15,000 feet for the Bisbee formation.

This figure is in line with

the regional original thickness given by McKee (1951, pl» 3a *)

McKee's

regional original thickness map for the Lower Cretaceous has contours
which are really based on two measurements, one in the Little Hatchet
Mountains of New Mexico (by Laslcy) and one in the- Huachuca Mountains of ■
Arizona (by Alexis.)

The total thicknesses reported in these two

sections.is several times that reported in nearby sections.

It is now

considered likely that these thick sections contain unrecognized dupli
cations, due to folding and/or faulting.

For example, Weber (1950) in

an area very near to Alexis’ showed thrusting within the Cretaceous and
stated, "...The major structural pattern is modified by imbricate thrust
faulting, much of which is obscured in the weak slopes of the Cretaceous
rocks.

It is only where sheets of competent Permian rocks have been

faulted in with the Cretaceous, that the modifying structure is clearly
expressed."
Recent measurements by the New Mexico Bureau of Mines in the Big
Hatchet Mountains have shown that the thickness of the Cretaceous is
about 10,000 feet (Zeller and Read, 1956.)

These facts make it seem

likely that the regional thickness of the Lower Cretaceous nowhere
exceeds 10,000 feet.

It is therefore thought that the section of the

Bisbee formation given above is probably over-thick and complicated
by the folding and faulting.
There is some evidence to substantiate this hypothesis.

First of

all, there is no assurance that the sand and shale alterations described
in the upper part of the basal blocks are not the same as those in the
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next higher "block.

Apparent lithologic differences might he explained

as being caused by lateral facies changes and/or by alteration following
the thrust faulting.

Secondly, in some deep arroyos in this area, nearly

vertical quartzites are seen to gradually reverse their direction of dip
with increasing depth.

This reversal might be interpreted as being near

the base of an isoclinal fold.

The apex of an overturned fold is exposed

in a road cut along U. S. 80 at 1336 plus 50 of the highway survey (Figure

2 .)
Even though the apparent thickness of the Cretaceous in this area
approaches 1 5 ,0 0 0 feet, it is probably nearer 8 ,0 0 0 to 1 0 ,0 0 0 feet.
Age and Correlation.

Although at the present tine, no index fossils

have been found in these rocks, they are of undoubted Cretaceous age.
They certainly are not of Paleozoic age, and the presence of oyster-rich
limestone and extensive green sandstones indicates Cretaceous-type
stratigraphy.

Dinosaur bones have been recovered from similar beds

only a few miles awy (Lance, oral communication.)

The presence of Cre

taceous sediments is in accord with considerations of regional paleogeography.
The lithology described is very similar to that of the Lower Cre
taceous Bisbee formation of central Cochise County (Gilluly, (1956) and
the name Bisbee(?) formation is applied to these beds.

Figure 2.

Apex of an overturned fold in the lowest block of Bisbee (?)
formation. Exposed in a cut on south side of highway 80 at
intercept 1336 plus $0 of the state highway survey.

PMTAIIO FORMATION
General Statement.

The Pantano formation, which has not heretofore

been defined is here described.

The name Pantano has long been used in

formally by geologists of this region for a group of coarse maroon
continental conglomerates in the vicinity of Pantano and Cienega Washes,
east and southeast of Tucson.
is known.

Only one published reference to the term

R. E. King, in a paper on the Northern Sierra Madre Occidental

of Mexico, (1939; P* 1692) refers to the Pantano as a manuscript name
coined by C. F. Tolman.

Telman*s manuscript, somewhat revised by others

and is still unpublished but partly available as an open file report in
the Arizona Bureau of Mines, Tucson (Tolman, et al.)
Klaus Voelger, (1953) in an unpublished thesis described some
very similar, probably identical rocks north and east of Tucson, but
used the name Rillito formation.

Rillito is hereby rejected in favor of

the older, more widely known, but also unpublished name, Pantano.
Description.

The measured section is located along U. S. Highway

80, east of the junction with state road 8 3 .

The section is found

between coordinates 1233 plus 00 and lk$8 plus 00 of the State highway
survey, and is considered the type locality for the Pantano formation.
The type section, 13,762 feet thick nay best be described in terms
of gradations of grain size and coloration.
are brown and gray sandstones and mudstones.

The lowermost beds exposed
As sedimentation progressed,

the elastics became much coarser and bright red coloration was intro
duced.

After at least 3>600 feet of sediments were deposited, andesite

was extruded across the area.

Apparently the volcanism disrupted the
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erosional cycle, for instead of conglomerate, sands succeed it in the
section.

But the sands again grade upward into coarse conglomerate; and.

again andesite was extruded; again slowing the depositional process.
A gray sandy conglomerate succeeds the second andesite and grades
upward into red boulder conglomerate.

The conglomerate in turn becomes

finer-grained until greenish gray mudstone was deposited.
A rejuvenation of the source area came at this time, so that the
muds gave way upward to sands and finally to conglomerate.

The final

beds of the Pantano formation reflect the ultimate destruction of the
source area as the sediments become finer and finer-grained toward the
top.

Thin beds of argillceous white limestone are even present in the

highest beds exposed.

Toward the top of the section, the prominent red

color fades out until the topmost elastics are a very light gray.
It is unfortunate that the type section does not contain two units
which are present in other areas.

These two rock types are; crudely sorted

and barely stratified volcanic agglomerate, which is present north of the
measured section; and green and gray lake beds, also to the north.

The

agglomerate is dark brown to black, composed of particles of sand and
pebble-size, crudely stratified.

It occurs immediately above the lower

andesite present in the measured section, and is undoubtedly closely
related to the andesite.
The lake beds are found just above the andesite and agglomerate, and
are genetically related, in that it appears the lava flows cut across the
drainage system and impounded a small lake behind the lava dam.

The lake

beds are green and gray mudstones and siltstones, some with fine sand, and
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are unfosslliferous.

Apparently the volcanism destroyed surficial vege

tation, frightened animals away, and the lake was so short-lived that
no aquatic plants became established.
The agglomerates are 50 to 100 feet thick, while the lake beds are
about 50 feet thick.

These beds are in SE-£, section 19, T. l6 S., R. 17E.

Critical appraisal of the type section of the formation reveals several
interesting facts.

First is that it is cut by numerous faults, whose

displacement is unknown for the most part.

Second.^ a large part of the

section is covered, not only in the ordinary sense of being concealed by
a thin mantle of alluvium, but also by being covered by a rather consider
able thrust sheet.

Third, the recurrence of andesite at the climax of a

period of conglomerate deposition may actually indicate a repetition rather
than a recurrence.

And lastly, the measured thickness of 13*762 feet is

exceptionally thick for a Cenozoic basin in Arizona.
Consider the points in order. Very few of the faults in the Pantano
formation are mapped, and even fewer give any evidence as to their dis
placement.

Some of the faults are certainly of considerable magnitude,

for they throw very different rock types into apposition with one another.
Hence, there may be unrecognized repetition or even omission of beds in
the measured section.
The fact that a portion of the section is covered is not unusual,
but the nature of the covered zones bears study.

The largest area

covered is that under the thrust sheet of Cretaceous rocks in the middle
of the section.

Ho measurement or even estimate of the thickness of

Pantano beds concealed under the thrust is presently possible.

As much
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as 2 ,5 0 0 to 3 ,0 0 0 feet of beds may be concealed but are not included in
the total thickness of the type section.
A rather considerable portion of the upper half of the section is
covered due to the softer nature of the formation.

It is. felt that the

covered intervals here do not seriously affect the magnitude of the
measurements, although it is recognized that the soft, .covered intervals
may be localized along faults.
The recurrence of andesite in the section is not an unexpected phe
nomenon in this region of extensive volcanism.

There is no satisfactory

evidence to prove repetition of the section.
The thickness measured; 1 3 ,7 6 2 feet, plus whatever thickness is con
cealed at the base, under the thrust sheet, and at the top; is consider
ably more than might have been expected in this area.

Ho allowance has

been made for initial dip, which undoubtedly amounted to several degrees
in these coarse elastics, but which would not greatly change the magni
tude of the deposit.
This thickness indicates that in Miocene time there was developed
in this area a very rapidly subsiding continental basin, perhaps comparable
to the Cenozoic basins of California.
area must also be postulated.

Relative to the basin, a high source

The presence of these highlands and this

deep basin suggest that basin-range type structures began to form in this
part of southern Arizona during early Miocene, somewhat earlier than
generally believed.
Composition. Most of the pebbles and boulders found in the Pantano
formation are arkose, sandstone, volcanics, and limestone.

The only
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pieces containing fossils are identified as upper Paleozoic, and the
arkose, volcanics, and sandstone are lithologically identical with
Cretaceous deposits in the region.

These latter fragments of Cre

taceous rocks compose hy far the largest portion of the Pantano forma
tion, showing that a great thickness of Cretaceous rocks was eroded
from a nearby highland.
Distribution.

The Pantano formation is believed to underlie nearly

all the mapped area, hut is largely concealed hy more recent alluvium
and hy thrust blocks.

Nearly every section in that part of T . l6 8 .,

R. 17 E., included in the area has some outcrops of the Pantano.

It is

also exposed in sections 30 to 33, T. l6 S., R. l8 E., and sections 2 to
4, 10, 11, and l4, T. 17 S., R. 17 E., and in sections 4, 5, and 6 ,
T. 17 S., R. 18 E.
Stratigraphic Relations♦

The base of the Pantano formation is not

exposed anywhere within the area mapped, and the top is covered by
Quaternary alluvium.

Because the Pantano dips from 15 degrees to $0

degrees, the contact with the horizontal overlying alluvium is one of
angular unconformity.

Contacts with other formations are due to faulting.

Age and Correlation.

No direct evidence of the age of the Pantano

formation is found within the formation.

Possible correlation with the

lithologic ally similar Mineta formation and Soza beds of Chew (1952)
invites close study.

A complete section of the early Miocene Mineta is

not known due to imbricate thrust faulting in the type area.

Andesite

megascopically idential with that occurring as flows in the Pantano is
found as dikes and flows in the Mineta.

Both the Mineta and the Pantano

were involved in deformation occurring prior to deposition of the
Blancan (Plio-Pleistocene) Gila Formation.

Also involved in this
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deformation are the so-called Soza "beds which contain pebbles of the
Mineta andesite.
In light of these details, it is considered that the Pantano is
the equivalent of at least parts of the Mineta formation and the
Soza beds.
Possible correlation with other formations are considered unlikely
for various reasons.

The Pantano cannot be correlated with the Bisbee

formation because other, different, rocks in the area are correlated with
the Bisbee.

The Gila conglomerate was deposited after the deformation

which affects the Pantano.

Lithologic differences preclude correlation

with the Amole arkose and Recreation red beds of the Tucson Mountains.
Therefore the correlation with the Mineta is considered the most
accurate.

20
Type section of Pantano formation, 1 3A- miles east of Mountain View,
along U. S. highway 80. (C, W-|-, Section 31# T. l6 S., R. 17 E.)
Quaternary alluvium - light "brown sandstone and conglomerate
Angular unconformity
•
Pantano formation
1.

2.
3•
4.

5«
6.

7*

8.
9«

10.
11.
12.

13»
14.

15«
16.

Thickness
(Feet)

Sandstone and mudstone, calcareous, light green and pale
maroon, fairly well sorted, alternating "beds up to 10
inches thick.................... ................... .
Limestone, white, argillaceous, two beds about 6 inches
thick, separated by a foot of gray mudstone.............
Mudstone, pinkish gray, well bedded..... .
Sandstone, conglomerate, and mudstone, alternating beds;
gray very coarse grained sand; pebble conglomeratej com
posed mostly of quartzite and sandstone particlesj very
minor volcanids; a few jasper pebbles distributed through
the lower half; conglomerate mostly in base and middle.
becomes finer upward, grading into next higher unit....
Covered interval........................................
Sandstone, pebble conglomerate, some mudstone; light brown;
contains a few boulders up to 16 inches in diameter; com
posed of quartzite, limestone, volcanics, soft, poorly
exposed.......................... .......................
Conglomerate, red-brown, massive, boulders up to 18 inches
in diameter; composed of arkose, sandstone, limestone,
volcanics........ .................................. .
Fault, N30°W, 4 5 % , probably normal, undetermined dis
placement
Mudstone, sandstone, and pebble conglomerate; brown sand
stone and conglomerate; red sandy mudstone; sands and con
glomerate well cemented and very hard, mudstones soft;
occasional boulders up to 8 inches in diameter; Mudstones
tuffaceous at base, increasingly so upward, with tuff in
sandstone at top; increase of green coloration in mud
and sand toward the top........ ................
Conglomerate; sandy; arksoe, volcanics; no limestone.....
Sandstone, grayish brown; with 6-inch thick pebble lenses;
lenses of red-brown sandy mudstone......................
Conglomerate; grayish brown; mostly beds of pebbles, with
layers of boulders up to 36 inches in diameter; few sand
lenses; composed of volcanics, quartzites, arkoses, black
thin-bedded limestone, soft green sandstone pebbles and
boulders..........................
Covered
Interval..........
Conglomerate, sandy; red-brown; boulders up to 48 inches
in diameter, of volcanics, quartzite, arkose; thin bedded
limestone cobbles toward top......... ...................
Covered
interval.........................
Conglomerate; boulders up to 12 inches; red-brown; vol
canics; quartzite, arkose; limestone absent..............

352
2
87

645
565

l80

Pi 4

364
171
l4l

167
540

458
115
43
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17 •' Faultj N25E, 60H, undetermined, displacement
18. Sandstone, green-gray; ruffaceous; "boulder layers, looks
"fossiliferous" but no fossils found...................
20
19- Fault; N20W, 0 to 20N, undetermined displacement
20. Conglomerate; red, boulders up to 8 inches, of quartzite,
175
arkose, volcanics, limestone; contains sandy lenses....
21. Fault; II20E50W, probably normal; unknown offset........
22. Conglomerate, sandy, pebble; particles of quartzite, arkose,
volcanics, limestone rare; up to 8 inches, usually less than
one inch; massive, bedding obscure; contains three lenses of
green tuffaceous sandstone; lenses of red mudstone near top
126
23. Covered interval............................ ...........
126
24. Sandstone, gray, pebbly.......... .......................
45
6l
25* Covered interval........................................
2 6 . Andesite flow, maroon, porphyritic............... .......
6
2 7 . Covered interval.... ............... .....................
75
28. Conglomerate; pebbly; angular to round, pebbles of maroon
quartzite, limestone, volcanics, sandstone; poorly bedded
25
2 9 . Fault; IU5W 40S; undetermined offset
30. Sandstone and mudstone; pebbly; pale reddish brown; beds up
to 6 inches thick; many minor faults; vouldery toward top;
arkose; quartzite,volcanic fragments......................
92
31. Fault; N15E, vertical, unknown slip
32. Andesite flow, maroon,porphyritic........................
5
33. Conglomerate, deep red, boulders and cobbles of quartzite
31
a and volcanics...................................
34. Fault; N 15 E, Vertical, unknown offset.•
35. Conglomerate; red at base, losing color toward top; acid and
dark volcanics, arkose, quartzite; some limestone and soft
sandstone boulders; boulders up to 30 inches; angular to
round; sandy beds included in unit......... ..............
58
133
36. Covered interval..........................
37• Conglomerate; red; massive; crudely bedded; faulted; acid
volcanics, quartzite, black limestone; coarser toward top;
boulders up to 48 inches.................................
328
3 8 . Covered interval...........
91
39* Conglomerate; pebbly to bouldery; red; angular to round; acid
volcanics; quartzite; limestone, black dense appearing to
ward top; boulders up to 24 inches in diameter...........
530
40. Covered interval......................
372
41. Conglomerate; brown at base, increasingly red toward top;
pieces up to 8 inches; granite, two andesites; quartzite,
arkose; virtually no limestone; becomes coarser toward top
with 24 inch boulders of green quartzite..................
838
42. Conglomerate, brown, up to 6-inch cobbles; limestone, sand
stone, quartzite, acid volcanics, arkose, some sand lenses.
19
43. Covered interval.........................................
35^
44. Conglomerate, sandy, pebbly; beds up to 18 inches thick; sand
beds decreasing upward until only minor lenses are at top.
423
45. Fault; N30W 7OH; normal, offset unknown
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46.

Sandstone> pebble conglomerate, mudstonej gray and maroon
sandstone, maroon pebble conglomerate, light gray-maroon
mudstonesj coarser at the base and top, with mudstone in
middle; pebbles of quartzite, arkose, limestone, mudstone;
folded and faulted on north side of highway, only a small
• fault apparent on south side (measured side).............
47. Covered interval..............................
48. Sandstone, with pebble lenses; gray and maroon...........
49. Covered interval...................
$0. Conglomerate; gray, sandy, contains lenticular beds of
gray pebble conglomeratic sandstone; thin bed of red
sandstone at base.......... ........................ ......
51. Sandstone and pebble conglomerate; dark maroon; alternating
beds up to 6 inches thick; contains quartzite, mudstone,
limestone, arkose........................................
52. Fault; N20E 80S; undetermined slip........
53* Conglomerate; green-gray; sandy and pebbly...............
54.
Covered interval.....................................
55* Mudstone, maroon, conglomeratic, much weathered..........

346
43
164
33

117

12
12
25
.20

FAULT here brings in Cretaceous rocks in a .thrust sheet for
a horizontal distance of 3/4 mile.
56. Mudstone, green and maroon, grading from all maroon at base
with decrease of sand upward from sandy muds. Near top a
H 87
few beds of fine - medium-grained yellow sandstone.......
57• Conglomerate; pebble, gradational into unit above. Brown,
with bands of red sandstone; boulders up to 12 inches,
quartzite, limestone, arkose.............................
215
58. Andesite, flow, top weathered, maroon, porphyritic.......
20
59* Conglomerate, maroon, massive, boulders up to 60 inches;
of red sandstone, limestone, light colored volcanics,
dark green dike rocks....................... .............
260
6 0 . Covered interval.........................................
245
61. Conglomerate, maroon, massive, red sandstone; pieces up to
36 inches, light colored volcanic pieces; many sandy lenses;
round to sub angular particles...........................
605
6 2 . Covered interval............................... ..........
330
6 3 . Conglomerate and sandstone, maroon,bouldery,poorly exposed
608
64. Covered interval (Davidson Canyon)........................
473
6 5 . Mudstone, green, gray, and maroon,poorly exposed..........
888
6 6 . Covered interval.........................................
170
6 7 . Sandstone, gray brown, pebbly, poorly exposed............
10
Base not exposed, covered by Quaternary alluvium
Total thickness

______
13,762
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TERTIARY STREAM DEPOSITS
Several erosions! remnants are all that remain of what was probably
a rather extensive deposit of Tertiary stream conglomerates.

These

stream deposits rest with angular unconformity upon the Pantano formation.
This formation caps b small mesa in NEir, section 29, T. l6 S., R. 17 E.,
as well as nearby high points.

It is also found in a road cut in section

31, to the south, and in the beds of streams at scattered localities.
The conglomerate is polymictic, being composed of fragments of
several limestones, sandstone, acid volcanics, gneiss, and granitic
rocks.

Maximum thickness is about 20 feet.

fication barely discernible.

Sorting is poor and strati

Grains range in size from fine sand to

boulders up to 18 inches in diameter (Figure 3*)

The whole unit is

strongly cemented with calcite, which permeates the rock and fills open
spaces left during deposition.
An excellent cross-section is visible in the road cut mentioned above
where it appears that the formation is representative of the coarse
material left in the bed of a stream of considerable volume (Figure 4.)
This formation is considerably younger than the Miocene(?) Pantano
formation and does not appear to be related to any present drainage, so
is of uncertain age.

It is tentatively assigned to the late Tertiary.

FANGLOMERATE
In the northeast corner of the area is a large body of fanglomerate.
It occupies most of the northeast quarter of T. 16 S., R. 17 E.

This

fanglomerate is of unusual composition when compared to other units in
the area.

Over 90 percent of the material in the fan is derived from a

Figure 3 .

Photo of surface of the Tertiary stream deposits, showing size
range and varied composition of pebbles. Large boulder is
rhyolite. Also present are limestone, quartzite, gneiss and
granite.

1

Figure 4.

Photo of road cut on U. S. 80 at station 1247 of highway survey.
Note lenticular shape of body of Tertiary stream deposits, (Tsd).
Angular unconformity is present between Pantano formation
(Tp) and both stream deposits and Quaternary alluvium (Qal)
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gray quartz diorite or dioritic gneiss (Figure 5) •

Ho other conglom

erate unit in the region approaches this uniformity of composition.
The rock is weakly cemented by calcareous cement.
The fanglomerate overlies the Pantano formation but sits so high
topographically that there are no more recent sediments on it.

It is

no longer receiving sediments from the mountains to the north.

In fact,

it is considerably disected by recent erosion and is even cut off from
the mountains by the upper part of the valley of Aqua Verde Creek.

So

complete has been the capture of the drainage by the Aqua Verde that
the water course which supplied material for the fan cannot be located
on aerial photographs.
Erosion has progressed so far in tearing down this deposit and
isolating it from its source that the fan is considered to be quite
old.

It is therefore tentatively assigned to the late Tertiary or

early Quaternary.

If this age is correct, then it would be approximately

the same age as the Gila formation and correlative beds in the valleys to
the east.

At present, however, there is no evidence to justify a correla

tion between the Gila and this purely local fan.

ALLUVIUM
Quaternary alluvium is found in nearly al 1 parts of the region.
Most of it, however, is but a thin veneer and is not mapped except
where it completely conceals older rocks.
An older phase, not relatable to present drainage, covers rather
large areas on the east and west sides of the region.

This older

alluvium is not mapped separately because it is not separable at the

Figure 5»

Exposure of Tertiary fanglomerate showing crude stratification
and poor sorting. Note rock under head of hammer. It is part
ly darkened "by weathering. All rocks in picture are of same
composition, dioritic, even though some are considerably
darkened by weathering.

Figure 6 . Angular unconformity between Pantano formation (Tp) and
Quaternary alluvium (Qal) on north side of highway at 1358,
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surface, and is apparent only in deep, steep arroyos and road cuts.
Generally, it may be said to be structurally higher than the younger
alluvium, but otherwise it closely resembles material now being deposited.
These Quaternary deposits rest with unconformity, generally angular,
on all the older rocks in the area (Figure 6 .)

However, the angularity

is very slight where the alluvium overlies the Tertiary stream deposits
as is seen in the road cut at 1247 of the survey of highway 80 (Figure
4.)
The quaternary alluvium is of heterogeneous composition, containing
fragments of all older rocks in the area, varying in size from clay to
boulders.

Generally, the Quaternary alluvium is conglomeratic, with

sand lenses, poorly consolidated, or subangular to subround fragments.
Near the surface it frequently contains a concentration of caliche.
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IGNEOUS ROOKS

INTRODUCTION
Igneous rocks ranging in age from Pre cambrian to Lower Miocene (?)
are found in this area.

Intrusive bodies are a Precarabrian grano-

diorite, a pre-Cretaceous granite, and a Cretaceous-Tertiary(?) quartz
nonzonite. Each intrusive forms part of a thrust block in the present
structure of the area.
Extrusive rocks are Bisbee(?) formation acid volcanics and Lower
Miocene (?) andesites.'

Discussion of the Bisbee(?) formation volcanics

is included in the preceding chapter of this report.

The andesites

occur as flows within the Pantano formation.

GRANODIORITE
One of the thrust blocks present in the region is composed of
Precambrian granodiorite.
portion of the region.

It is found in the east north central

Principal outcrops occur in sections 22, 23,

and 27, T. 16 S., R. 17 E.

Other outcrops are in adjacent sections.

Cross Hill, north of Pantano is a klippe from the main mass.
In the hand specimen, the rock presents a granitoid texture with
a gray to gray-green color.

Minerals determinable in the outcrop are

quartz, plagioclase, muscovite, and chlorite.
seen that orthoclase is also present.

In this section, it is

The feldspars are virtually all

sericitized and there is considerable chlorite present.
composition was determined as follows:

Percentage
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Quartz......... 25$
Orthoclase.... ..15
Plagioclase.... 30
Mus covite...... 15

Chlorite......10
Apatite...... tr.
Opaque s ...... tr.
—
„
Total
95$ plus

Because of the high degree of sericitization, composition of the plagio
clase could not he determined.

Orthoclase was recognized hy shape of

the crystals and state of sericitization.

The granodiorite is a holo-

crystalline, hypidiomorphic, seriate, medium-grained rock.
The state of alteration, with the feldspars converted to sericite,
and the amount of chlorite present, gives evidence of a low grade of
metamorphism.

Slight regional metamorphism possibly accomplished the

alteration.
The base of the granodiorite is a fault surface, overlying the
Miocene(?) Pantano formation.

Overlying the granodiorite, with sedi

mentary contact is the middle Cambrian Bolsa quartzite. No intrusive
contacts were observed anywhere in the area.
Since the granodiorite was emplaced at some depth and exposed to
erosion prior to deposition of the Bolsa quartzite, it is concluded that
it is Precambrian in age.

No other Precambrian rocks of similar composi

tion are laiown in this region, hence no correlation with other units is
possible.

GRANITE
A granite identifiable only as being older than overlying Cretaceous
sediments occurs in the central part of the area.

Two small exposures of

this granite are in NE^, section 32, T. 16 S., R. 17 E.
separated by cover on an intervening ridge.

The areas are

On the north, the granite is
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faulted, against a limestone- conglomerate and Cretaceous sands and
shales.

Other contacts are with arkosic Cretaceous sediments derived

from the granite.

Thus the granite is older than the Cretaceous

sediments of the Bishee(?) formation, but how much older is indeter
minable .
The rock is a medium- to coarse-grained granite containing indi
vidual crystals of pink orthoclase up to 15 mm. in length.

In hand

specimen plagioclase, quartz, muscovite, and chlorite are also observ
able .
In thin section, composition is as follows:
Quartz.........
Orthoclase....
Plagioclase...
Muscovite.... .
Chlorite.....

Hornblende........
Opaque (Magnetite). ..tr.
Biotite...........
Apatite...........
90c
/> plus

Total

Calcite is present in recent fractures.

Plagioclase, somewhat sericitized

is andesin-e, of composition near Ab^QAn^Q.
Late magmatic alteration of the original minerals gave biotite
after hornblende, and chlorite and magnetite after biotite.

Other

chlorite is concentrated along shear planes and is due to the movement
along the planes.

The rock is holocrystalline, medium- to coarse

grained, hypidiomorphic seriate granular.

It is finer grained near

the shear planes.
Leucocratic dikes are found in the granite near the western edge
of the outcrop area (Figure 7•)

They are composed of large crystals of

orthoclase and quartz and small books of muscovite.
is north-south and they dip vertically.

Their general trend

Figure 7*

Dikes in the pre-Cretaceous granite.
are vertical. Located in C,

R. 17E.

.•

They strike north and
section 32, T. 16 S.,
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Since the granite is not known to intrude other formation in the
area, and since the Bisbee(?) formation is partly derived from it, the
granite is considered to he at least pre-Bishee, probably pre-Cretaceous,
but its exact age is undetermined.

No correlation with other rock units

is attempted.

QUARTZ MONZOHTB
Quartz monzonite crops out over a large area in the south central
part of the region.

It is phaneritic, with pink and white feldspars,

quartz, biotite, chlorite and often, epidote visible in hand specimens.
It is a medium-grained, fairly equigranular_quartz monzonite.

Composi

tion of a typical specimen as determined from thin section analysis is
as follows:

Sample No. 64
Muscovite....tr.
Quartz...... .
Apatite..... tr.
Plagioclase.. ...35
Epidote..... tr.
Orthoclase... ...30
Chlorite.... .... 5
Opaques..... tr.
Total

Feldspars are at least 50$ sericite.

90$ plus

Composition of the plagioclase

could not be determined in this sample.

In another sample (No. JO)

the plagioclase is andesine, about Abg^An^.
In texture, the rock is medium-grained, holocrystalline, hypidiomorphic, seriate granular.

Near major shear zones, the rock assumes

a gneissoid appearance due to concentration of chlorite and epidote
along shear planes.

In several places, staining of the rock by copper

minerals is present.
The quartz monzonite crops out in several areas.

The largest of

these extends across portions of sections 5, 9 , 10, 15, and l6 , T. 17 S.,
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R. 17 B.

A second area is part of the same structural block, hut separate

in exposure due to an overlying block of gneiss and schist.
outcrop is in sections 8 and 17•

This second

The quartz monzonite also occurs in

sections 6 , 7 , 1 2 , l6 , 17 and 2 0 .
All contacts of the quartz monzonite are either faults or concealed
by Quaternary alluvium.

Because of the faulting, the age of the quartz

monzonite cannot be determined within this area.
Indirect evidence suggests that the quartz monzonite was not exposed
or not present during the deposition of the Pantano formation.
of the igneous rock have been observed in the Pantano.

No pebbles

Intrusion of the

quartz monzonite may have been concomitant with the deposition of the
Pantano.

Similar quartz monzonite is known to intrude the Cretaceous

sediments in Rincon Valley (Tolman et al.) just north of this area.

On

this tenuous basis, this quartz monzonite is tentatively assigned a
Cretaceous-Tertiary(?) age.

ANDESITE
Included within the Pantano formation is at least one, possibly
two or more andesite lava flows.

Accompanying the flows in some local

ities are pyroclastics, tuffs, and agglomerates.

Where the volcanics

are mapped apart from the rest of the Pantano, no distinction is made be
tween the lavas and the closely associated pyroclastics.
The andesite consists of prismatic phenocrysts of plagioclase up
to about 25 mm. in length, embedded in an aphanatic dark maroon to dark
gray matrix.

Included within the flows are small zenoliths of limestone,

quartzite, and mudstone.
thick.

Individual croppings are from three to 50 feet

The underlying sediments are slightly 11baked" (Figure 8.)

Sedi-

Figure 8

Flow of andesite overlying Pantano sediments, which are "baked
and slightly altered at contact. Contact marked by vein of
white gypsum deposited by groundwater.
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meats overlying the andesite are unaltered and rest on a weathered
surface of the flow, proving the extrusive character of the andesite.
Andesite of very similar composition and texture occurs as dikes,
sills, and flows in the "Mineta" formation on the west side of the
San Pedro River (Chew, 1952.)

It is thought that the Pantano andesites

are correlative to those of the Mineta.

While andesites are not rare

in southern Arizona, there are few known occurrences of andesite with
such large phenocrysts in a maroon to gray matrix.

The Mineta andesites

were formed during deposition of the Mineta "beds, which are reliably
placed in the Lower Miocene (Lane, oral communication.)
Pantano andesites are considered to be Lower Miocene(?).

Hence the
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HETAMORPHIC AMD OTHER ROCKS

INTRODUCTION
Described in this section are a netamorphic gneiss; a metamorphosed
limestone conglomerate and limestone; and a fault breccia.

The gneiss

is tentatively called Cretaceous-Tertiary(?) and the others are probably
post Miocene.

GNEISS
Gneiss occurs in the south half of the region.

Several bodies crop

out in sections, 5, 8, 9, 10, l4, 15, l6, 17, T. 17 S., R. 17 E.
By far the greatest part of the metamorphosed body lies in fault
contact on quartz monzonite and Cretaceous sediments.
HE-j^, section 9> 811 anomalous relationship is observed.

However, in
Here the quartz

monzonite intrudes the gneiss and the fault contact is not apparent.

It

may be that the fault cuts across the original contact between the gneiss
and quartz monzonite and here reveals a primary relationship.

In the IJU5-,

section 16 the gneiss lies on the Bisbee(?) formation by fault contact
(Figure 9 .)
The gneiss is strongly banded and in many localities displays intri
cate ptygmatic folding (Figure 10.)

Color on the outcrop varies widely

depending on mineral composition and freshness of the exposure.

The

most common variety of gneiss is a quartz-orthoclase-musocvite-chlorite
gneiss of a greenish-gray color when fresh.
becomes rusty brown.
follows:

On weathering, the color

In this section, composition is determined as

Figure 9»

Fault zone showing Cretaceous sediments mixed with gneiss and
proving that thrusting is post Cretaceous. Located on small
island in stream bed in
section 16, T. 17 S., R. 17E.

Figure 10.

Typical exposure of the gneiss. Note relict pebble at right
of hammer and tight fold below hammer handle.
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Sample No. 77
Apatite......
Plagioclase...
Garnet.......
Biotite......

Quartz......
Orthoclase... ...35
Muscovite....
Chlorite.... ...15
q
fYnzirmA______

Total
Opaque material is chiefly magnetite.

3 % plus

The orthoclase is badly sericitized.

In many places relict quartz pebbles are visible as augen.

The composition

and texture reveal that the rock is a kinematic ally metamorphosed sediment
or paragneiss formed in the upper part of the low-grade zone.
The intensity of metamorphism varies.

For example a somewhat less

recrystallized facies is present near the corner of sections 8 , 9, 1 6 ,
and 17, where an augen schist is developed.
Color variations, plainly visible even on black and white aerial
photographs, may be accounted for variations in the amount of biotite and
quartz present in the dark and light bands respectively.

This may in

turn reflect a difference in the primary sediments.
The age of this body of gneiss is not presently known, since it is
in position by virtue of faulting.

Intrusion by the quartz monzonite into

the gneiss suggests that the gneiss is older than, or at least contem
poraneous with, the intrusion of the igneous rock.

But, since the age

of the quartz monzonite is not known, the relationship between it and
the gneiss sheds no direct light on the age of the gneiss.
There is no apparent similarity between these metamorphic rocks and
the Apache group as seen in Peppersauce Canyon, on the north side of the
Santa Catlina Mountains, or at the Seven-Dash Ranch, northwest of
Johnson Camp.

Hence a possible correlation of this gneiss with the

Apache group is rejected.

A correlation of this gneiss with the Pinal schist of Bishee,
Globe, and Tombstone has been suggested.

In all these localities, the

Pinal is described as a light to dark gray, silvery schist of very fine
grain, consisting almost entirely of quartz and muscovite (Ransome, 1903;
1904; Butler, Wilson, and Rasor, 1938.)

This present gneiss is much

coarser grained and\ contains about 35$ orthoclase and considerable chlorite
and magnetite.

While these differences do not preclude the possibility

that this gneiss represents a facies of the Pinal, it does appear un
likely.
The parallelism of foliation in the gneiss to bedding in nearby
Cretaceous rocks is striking, and the suggestion is made that the gneiss
is metamorphosed equivalent of the Bisbee(?) formation.

Such altered

Cretaceous rocks do exist in central Cochise county (Gilluly, 1956.)
Gilluly even found them so metamorphosed that in places he did not surely
distinguish them from the Pinal schist.

In this area, however, evidence

to make such a correlation has not been found, so it is tentative.
The age of the gneiss, then would be post-Bisbee(?) or late CretaceousTertiary, approximately the same as derived for the quartz monzonite on
a different basis.

Since the quartz monzonite does intrude the gneiss,

the correlation is made more secure, but still tentative.
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LIMESTONE CONGLOMERATE
A conglomerate of limestone pebbles in a limey matrix occurs in the
NEq-, section 32, T. l6 S., R. 1J E.

The rock might be described as an

edgewise conglomerate but for the fact that several distinct limestone
lithologies are mixed at random through the unit.

Present are brown,

gray, black, and yellow limestones similar to those found in the Paleozoic
of southern Arizona.

Fragments are generally tabular. Most of the small

er fragments have been "stretched" by a strong force so fragments that
were formerly angular have become lenticular.

Flowage around them is

plainly visible. Large fragments have retained their angular •shape
(Figure 11.)

Both pebbles and matrix have been completely recrystallized.

There are a Very few well-rounded pebbles of quartz included in the con
glomerate.

Foliation is vertical and parallel to the strike of the out

crop, which is almost east-west.
Structurally, the unit rests in fault contact on both the pre-Cre
taceous granite and Cretaceous sediments and straddles a fault zone
between those rock types.

It is not inconceivable that this unit is a

slice in the shear fault that separates the granite from the sediments.
However, it is thought that the structural relations indicate that the
limestone was placed on top of the Cretaceous beds and the granite by
later faulting.
Another recrystallized foliated lime rock occurs directly south of
Pantano.

This is massive limestone instead of the conglomerate.

In this

rock, the foliation is almost parallel to that in the conglomerate, but
in this case the strike of the foliation is practically normal to the
length of the exposure.

Figure 11.

Deformed limestone pebble conglomerate. Pebble No. 1 is
undeformed. Note lenticular shape of No. 2, which has been
"stretched" to a lenticular shape.

Figure 12.

Quartzite-quartz monzonite "breccia, showing eastern phase,
of which at least two-thirds of the fragments are of quartz
monzonite.
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The significance of this "body is not known, hut it is suggested
that it is the remnant of some fault block for which no other evidence
has been revealed.

FAULT BRECCIA
A breccia composed of angular boulders of quartzite and of quartz
monzonite in an aphanitic maroon matrix, occurs in the southeast corner
of the area.

Occurrences are known in sections 15, l6 , 21, and 22,

T. 17 X., R. 17 E.

The unit crops out only in arroyos, because the soft

matrix allows rapid decomposition to softly rounded hills littered with
quartzite and quartz monzonite boulders up to four feet in diameter.
In thin section, the aphanitic matrix surrounds angular particles
ranging in size from fine mineral grains to rock pebbles.

The recog

nizable grains and rock fragments have been considerably altered by low
temperature solutions.
The relative percentages of quartzite and quartz monzonite are not
constant.

In the western part of the area mapped, quartz monzonite and

quartzite compose about equal portions of the particles.

To the east,

however, at least two-thirds of the fragments are quartz monzonite
(Figure 12.)
The contacts of this formation are not exposed in the mapped area.
However, Sears (1939) shows this formation nearly surrounding Pantano
Hill, nearby.

The present assumption is that it passes under the hill

as a fault breccia, lying in the plane of a thrust fault.

The overlying

fault block has been eroded where the breccia is now exposed.

The

material found in this breccia may be correlated with the quartz mon-
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zonite and the Cretaceous quartzite to the north.

The breccia was

formed when the quartz monzonite was forced over the Cretaceous sedi
ments, with resultant brecciation of the contact surfaces.

Apparent

lateral gradations in composition may be accounted for by uneven
mixing of debris from the two adjacent rock types.
Since the faulting which caused this breccia is post-Pantano, a
late Tertiary age is indicated for this unit.

t
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MINERALIZATION
In numerous localities in the south half of the area, there has been
some mineralization by small quantities of copper minerals.

Development

work has been discontinued on nearly all of the old claims.
Most of the known concentrations of mineralization occur in the
quartz monzonite.

Shears produced by the faulting served as passageways

and zones of concentration for the metallizing solutions.

Concentrations

of copper and small workings may be found in the following localities;
NEir, I'IW-j , section l6 , T. 17 S., R. 17 E.; in a northeast trending zone
from SE-J, section 12 T. 17 S., R. 16 E. to the center of the north line' '
of section 7# T. 17 S., R. 17 E.j and in NW^-, section 14, same township
and range.
The Green Knob claims in Section 12, T. 17 S., R. l6 E. are appar
ently the only ones in the area whose annual assessment work has been kept
up to date.

In all other prospects, corners are down, notices are

missing, and no annual work is apparent.
The Green Knob claims are honeycombed by a number of shallow inclines
and shafts with a small amount of drifting.
not determined.
level.

Extent of the workings was

Bottoms of the deeper shafts and inclines are under water

Northeast of the Green Knob, in SE^, NW£, section 7, there is

a shaft open to water at about 100 feet.

There are several other minor

workings along this trend.
The host rock is generally a badly sheared quartz monzonite, which
has been altered by solutions traveling in the shear zones.

Apparently

there were local concentrations of copper included in the altering
fluids, for copper minerals are concentrated at scattered points in the
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sheared rock.
The primary mineral was chalcopyrite in the quartz monzonite.

The

chalcopyrite is scattered through some sheared zones, but totally absent
in unsheared rock only a few feet away.

Secondary enrichment gave

chalcocite, and exposure at the surface has weathered the earlier minerals
leaving the usual tell-tale malachite coatings on the open cracks and
weathered surfaces.
Regionally, the extent of the original copper mineralization was very
small.

Not more than a few tons of high grade ore could have been removed

from the old workings.

The apparent absence of even the slightest trace

of mineralization outside the named areas and dependence on structural
control, makes it doubtful whether there could be a large low-grade ore
body present.
Less spectacular, than the copper mineralization, but far more
pervasive was the silicic alteration which the mineralization accompanied.
This alteration might have been accomplished by fairly low-temperature
regional metamorphism, however since it is concentrated in shear zones
and along contacts, it is thought to have been accomplished by circula
tion of silica-rich low-temperature fluids shortly after the period of
faulting.
In the quartz monzonite, the quartz is largely recrystallized, the
mafic minerals chloritized, and the plagioclases partially recrystallized.
Orthoclase is sericitized.

The fluids cemented the material mapped by

Sears as "Cretaceous granite-quartzite conglomerate" and mapped here as
quartzite -quartz monzonite breccia.

The fluids followed up along

fault planes and passed into the sheared rocks of the central portion
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of this region, altering them slightly.
Besides altering the quartz monzonite, the fluids also acted upon
the underlying Cretaceous sediments.

Adjacent to the contact, the quartz

in the arkosic sandstones was recrystallized, feldspars were partially
cleared of sericite, and muscovite crystals up to five ram. in diameter
appeared.

Farther from the contact, recrystallization is far less evident

and silicification the only evidences of alteration.

In a few localities

especially in the lower "block of the Bishee(?) formation in the HE£,
section ?, T. 17 S., R. 17 E., alteration is totally absent, perhaps
due to permeability barriers.
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STRUCTURAL GEOLOGY

INTRODUCTION
The structure of the rocks in this area is extremely complex.

The

general picture is that of a faulted, tilted, and folded "base, the
Pantano formation, being overrun by a series of thrust blocks (Plate
2.)

Faulting occurred within the thrust blocks to further complicate

the picture.

Many of the faults may be resolved into components of a

major compression, but others are unexplained.
The detailed discussion of structure will cover in order; tilting,
folding, and faulting, found in each formation.

Possible explanations

for each will be included in each section.

TILTING
The Pantano formation has been rather extensively tilled

with dips

reading from 15 degrees to 50 degrees, generally toward the east.

Possibly

some of the inclination might be explained as initial dip, but nonetheless,
the whole formation has been tilted somewhat.
tilting is problematical.

The time and cause of the

Since nearly all exposures show the angularity,

it seems likely that the Pantano was inclined before the thrust blocks
were emplaced on it.

Very likely the tilting was an early response to

the same forces which caused the thrusting.

FOLDING
Folds are found in both the Bisbee formation (?) and the Pantano
formation.

In the Bisbee formation positive evidence of folding is

Elevation I

Pl at e 2

Sketch

cross section A - A', showing st r uct ur al elements present

in the

ore a.
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found in SE^, section 32, T. 16 S., R. 17 E. where there is a faulted
syncline.

The apex of an overturned fold is exposed in a road cut at

coordinate 1336 plus 50 of the highway 80 survey (Figure 2.)

In

addition, there is suspected sharp folding in the nearly vertical "beds
of quartzite and mudstone in the lower and middle members of the Bisbee (?)
formation.

For example, in NVf£, section 4, T. 17 S., R. 17 E. the

dip of the beds is reversed from 70 degrees north to 75 degrees south
in a vertical distance of 50 feet, as seen in a steep-sided gully.

It

is presently thought that this reversal may be close to the apex of a
sharp fold in the formation.
These folds and possible folds strike east-west or nearly so,
suggesting that the compression acted in a north-south direction.
Since it will be shown later that these folds are'in a thrust block, it
is probable that the folds were formed prior to detachment of the block.
Folds are also found at several locations in the Pantano formation.
The most prominent folds are in sections 20, 21, 2 8 , and 29, T. 16 S.,
R. 17 E.

These folds trend about north 45 degrees east.

of the northernmost fold is faulted.

The north limb

The southwest ends of the folds

apparently are hidden under the Cretaceous rocks lying on the Pantano
in that area.
It is suggested that the folds were formed in response to the pressure
of the overriding block of Cretaceous rocks.

The trend of the folds would

very likely be normal to the direction of compression, thus indicating
that the block of Bisbee (?) approached from the southeast.
Since the folds in the Bisbee(?) formation trend east-west, and

the'thrusting apparently came from the southeast, either the blocks of
Cretaceous rocks were rotated during the thrusting, or the direction of
compression changed from northward at the time of the folding of the
Cretaceous sediments, to northwestward at the time of the thrusting.

FAULTING
Faults are found in around the Pantano and older formations.

The

various elastics deposited after the Pantano are unaffected.
Thrust faults are postulated in several places, but they are
generally poorly exposed due to later faulting.
exposures in
(Figure 1 3 .)

section 16 and in

However, there are good

section 7, T. 16 S., R. 17 E.

In the other localities, the actual thrusts are concealed

and only faults bounding the blocks laterally are exposed.

In these

cases, structural and topographic position of the block may reveal its
true nature.
A large block of Precambrian granodiorite topped by Bolsa quartzite
lies in the east north central portion of the area.
a thrust block.

This is considered

Cross Hill is a klippe from the main block and the topo

graphy clearly shows that the Precambrian rests on the Pantano formation.
Detailed mapping by Layton has shown that the western two thirds of
the block of undifferentiated Carvoniferous rocks is a complex of imbricate
thrust blocks (Layton, D. L. Ms. in preparation.)
The large area mapped as Bisbee formation(?) consists of a number
of individual blocks in a complex of faults.

Plate 3 is an overlay for

the geologic map accompanying this report (Plate k) and shows the
structural pattern in this area.

Figure 1 3 . Block of quartz monzonite (TKqm) lying in fault contact be
tween Cretaceous rocks. The faulting is interpreted as
imbricate thrusting. Note dikes in quartz monzonite, which
are cut off by the faults. Located in
section 7 ,
T. 17 S., R. 17 2.
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The faults are chiefly vertical and have both strike-slip and dipslip components of movement.

It is suggested that as the compressive

force acted upon the Cretaceous rocks, a set of shears developed.

There

are many parallel faults in approximately north-south and east-west
directions.

This is the pair of shears to be expected from the north

west trending compression postulated in the section on folds in the
Pantano formation.
With detachment of the Cretaceous from its base, these shears served
as planes of movement for the individual blocks.

They moved past one

another in a most irregular fashion, resulting in the confused Cretaceous
section outlined in the section on Stratigraphy.
One of these fault blocks preserves the base of the Bisbee(?) forma
tion lying on a pre-Cretaceous granite.

This is especially interesting for

it indicates that there must have been considerable relief on the preCretaceous surface, because the granite would have to show through a
window in the Paleozoic section.

An alternate possibility is that this

granite is early Mesozoic and was emplaced in some Mesozoic sediments,
now completely eroded.

This latter is considered unlikely.

The basal thrust fault under the major block of Bisbee(?) formation
is not exposed in the area.

Apparently upon relaxation of the compressive

force, there was relaxation along the shear planes so that normal, block
faulting took place.

These are the faults which are most prominently

displayed in the area, and the deeply buried basal thrust fault is not
exposed.
A large body of quartz monzonite is mapped within the Bisbee(?)

formation.

A first impression is that the quartz monzonite is intrusive

into the sediments.

Tending to confirm this impression is the fact that

the sediments are altered near the contact with the igneous rock.

Thin

section analysis of the two rocks, quartz monzonite and sediments reveals
however, that this relationship is impossible.

The alteration is of a

low-temperature type not associated with the immediate neighborhood of
an intrusion.

Alteration dies out in a few hundred feet from the

contact, whereas a stronger effect would be expected from an intrusion.
If the igneous rock were intrusive, a chilled border zone would be
expected together with lineation and zenoliths of sediments.
absent.

Dikes and apophyses are also absent.

These are

There is no granitization

or injection of the sediments.
Another possibility is that the sediments were formed by erosion
of the quartz monzonite and the alteration confuses or obscures the
contact.

Approximately 30 to 40 percent of the quartz monzonite is or-

thoclase and 20 percent is plagioclase, but orthoclase is almost entirely
lacking in the arkosic sediments near the contact.
is present.

Abundant plagioclase

Since we would normally expect orthoclase to be more

persistent as a detrital mineral than is plagioclase, it is reasonable
to doubt that the sediments were derived from the quartz monzonite.
It is seen that the sediment-igneous contact is neither intrusive nor
sedimentary; therefore only a fault contact remains.
the quartz monzonite has been faulted in.

It is concluded that

Proof of the faulting is seen in

section 7 (Figure 13*) where a thin slice of quartz monzonite lies
between blocks of Cretaceous sediments.

In addition, a fenster through
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the quartz monzonite is present just east of center, N|-, section 1 7 ,
T. 17 S., R. 17 E.
Resting on the quartz monzonite and on the Bisbee(?) is a "body of
gneiss.

This gneiss is also thrust into the area, for the curved

thrust paane "between the gneiss and the Bisbee(?) is clearly seen in
HWtj- section l6 , T. l6 S., R. 17 E.
quartz monzonite is more complex.
faulted onto the quarts monzonite.

The relationship of the gneiss and
For the most part, the gneiss is
For example on the east side of. the

stream at the center of the west line section 10, T. 17 S., R. 17 E., the
fault truncates the foliation against the igneous rock.

But a few hundred

yards northwest of this locality, dikes of quartz monzonite intrude the
gneiss.

It is suggested that the thrust fault cut across the gneiss and

at the latter locality a bit of the intrusive was scopped out and carried
along with the gneiss, revealing their original relationship.
Several northe ast-trending faults cut the blocks of quartz monzonite
and gneiss.

It is suggested that these faults are tension faults formed

by relaxation after the thrusting.

The structure on the large fault in

sections 8 and 9 indicates that the south side is down with respect to
the north side and that faulting probably was hinged at the northeast end.
The Fantano formation is intricately faulted b y both normal and
reverse faults (Figure l4.)

There are perhaps millions of small faults

in the formation in this area alone.

Virtually every cropping contains

several small faults whose displacement, and indeed, even sense of move
ment is impossible to determine.

Only a few of these faults have been

mapped, and as yet no pattern is obvious.

Undoubtedly the faults are

Figure 14.

Intricate faulting in the Pantano formation in road cut
at intercept 1355 of highway survey.
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related to the tilting and thrusting episodes.
The small "body of Tertiary limestone conglomerate in section 32,
T. l6 S., R. 17 E. lies in fault contact on pre-Cretaceous granite and
on Cretaceous sandstones and mudstones.
structure is not known.

Its relation to the overall

It may have "been a thrust-front conglomerate

which was deformed "by the pressure of the overriding fault "block.

If

it was, the overriding "block is gone.
Near the south edge of the mapped area is inferred a fault zone,
trending east-west, on which the north side is relatively downthrown.
The magnitude of the fault is suggested by the fact that south of the
fault, the Cretaceous is upthrown so much that the whole thickness of
the Quartz monzonite has been removed by erosion.

At present, over 200

feet of quartz monzonite and gneiss remain north of the fault.
In the Empire Mountains, immediately south of this area, F. U.
Galbraith (Ms Map) shows the same general fault pattern found here;
imbricate thrusts with shears in approximately north-south and east-west
directions.

SUMMARY
The structures now visible in the area may be classified as follows:
Regional dip in the Pantano formation; Folds in the Bisbee(?) which were
formed early in an episode of compression; folds in the Pantano formation
which are the result of compression by encroaching thrust blocks.
Faults are divided as follows:

Basal thrust planes along which the

various blocks moved; a set of shears striking nearly north-south and
east-west; northwest trending tension faults formed upon relief of the

"N
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compression; and random faults formed along earlier zones of weakness.
From all the foregoing information, the following sequence of
events in the area is inferred: to have taken place from the lower
Miocene to possibly early Pliocene.
1.

2.
3«
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15*
16.

Sinking of basin and formation of highlands of Cretaceous
rocks, and subsequent erosion starting formation of the
Pantano formation.
Volcanism - andesite, agglomerate
Continued sinking of basin and deposition of elastics
Volcanism - andesite
Continued deposition of Pantano beds, relief lessening
in source area giving finer sediments at top.
Regional tilting to east of Pantano formation
Beginning of Compression in region
Folding of Bisbee formation (?)
Shearing of Bisbee formation(?)
Detachment of thrust blocks and thrusting northwestward,
with irregular movement along shears.
Folding of Pantano under influence of thrust blocks
Thrusting of various blocks onto the Pantano
Release of compressive stress
Mineralization and silicification by fluids traveling
along faults and shear zones
Formation of Tension faults
Deposition of Various late Tertiary beds and subsequent
erosion.

SUMMARY
A new formation, the Pantano, of probable lower Miocene age is
present in this area.

The Pantano formation consists of 13,762 feet of

conglomerate, sandstone, and mudstone, with three andesite flows inter
calated with the sediments.

The presence of this extensive a basin-fill

deposit indicates that Basin-Range type structures were present in this
part of Arizona as early as lower Miocene.
The Pantano formation has a regional dip to the east, and is overlain by thrust blocks of older rocks and by younger sediments.
A simple block of Precambrian granodiorite, with Bolsa quartzite
rests in sedimentary contact on it, is present in the east north central
portion of the area.

A large, complexly faulted block of undifferentiated

Carboniferous rocks lies to the west of the granodiorite block.
In the central and south-central parts of the area giant imbrications
of thrust blocks are present.

The lower Cretaceous Bisbee(?) formation

is folded, faulted, and thrust onto the Pantano.

Additional thrusting

placed successive blocks of possible late Cretaceous or early Tertiary
quartz monzonite and of gneiss on top of the block of Cretaceous.

Normal

faulting occurred along shear planes as the compression was relaxed.
Silica-rich solutions with minor amounts of copper passed along faults
and shears and altered the wall rock and gave rise to small local concen
trations of copper minerals.
The presence of these thrust sheets on the Pantano formation indicates
that the last major disturbance in this region came after the Lower Miocene
Late tertiary stream deposits, a Quaternary-Tertiary fanglomerate,
and Quaternary alluvium were deposited in the area after the faulting
ceased.

Erosion is now tearing dpwn.all the formations in the area.

yniv. o. Arizona Library
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CONCLUSIONS
Conclusions derived from this study may "be divided into two cate
gories , those which answer questions, and those which pose more questions.
The former type may he listed as follows:
1.

The nature, thickness and approximate age of the Pantano
formation are disclosed for the first time.

2.

Basin-Range type structures were present in southern Arizona
as early an lower Miocene(?).

3.

The age of the major thrusting in this region is post-lower
Miocene(?), not Laramide.

Problems remaining to be solved include:
1.

Confirmation of the age of the Pantano formation

2.

Determination of exact thickness of the Bisbee(?) formation
and confirmation of the correlation.

3.

Structure and exact age of the quartz monzonite and of the
gneiss.

4.

Origin and nature of the Tertiary limestone conglomerate.

5-

Determination of the area from which the thrust blocks came
and its geologic structure.
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