


Mesozoic Stratigraphy
of the Mule and
Huachuca Mountains,

Arizona

By PHILIP T. HAYES
MESOZOIC STRATIGRAPHY IN SOUTHEASTERN ARIZONA

GEOLOGICAL SURVEY PROFESSIONAL PAPER 658-A

Descriptive stratigraphy of Triassic,
Jurassic, and Cretaceous volcanic and

sedimentary rocks

UNITED STATES GOVERNMENT PRINTING OFFICE, WASHINGTON : 1970



UNITED STATES DEPARTMENT OF THE INTERIOR
WALTER J. HICKEL, Secretary

GEOLOGICAL SURVEY

William T. Pecora, Director

For sale by the Superintendent of Documents, U.S. Government Printing Office
Washington, D.C. 20402 - Price 40 cents (paper cover)



CONTENTS

Page Page

Abstract_ . _ e __. Al | Cretaceous strata_ __ - __ . o _____ Al0
Introduetion. . ______ L _____ 1 Bisbee Group. o oo oo _ 10
Geologic setting_ ________________________.__________. 1 Glance Conglomerate_ _ - . ___________________ 12
Triassic and Jurassic strata_ . ________________________ 3 Morita Formation_ _ ___ _________________.___. 15
Canelo Hills Voleanies___________________________ 3 Mural Limestone_ _________________________. 17
Siliceous volcanic rocks of the Huachuca Moun- Cintura Formation._____________________.___. 21
tains._ . 9 Heavy-mineral content______________________ 22
Fossilsandage_ .. .. ___________ 24

Fort Crittenden Formation_ . .________________.___ 25

References cited._ ___ . ____ ... 27

Ficure 1.
2.
3-6.

10.

11.
12.

13.

14.

15.

ILLUSTRATIONS

Page

Index map of southeastern Arizona and adjacent areas_ . _ _ e eemoo. A2
Map of Huachuca and Mule Mountains vieinity____ ___ oo 4
Photographs showing specimens of :

3. Conglomeratic sandstone from lower member of Canelo Hills Voleanies_ _ _ - _________________________ 6

4. Fine-grained biotite-rich tuff from lower member of Canelo Hills Voleanies_ - .- - ______________ 6

5. Finely flow layered rhyolite from rhyolitic lava member of Canelo Hills Voleanies_ . ___________________ 6

6. Crystal-rich welded tuff from welded tuff member of Canelo Hills Voleanies_ .. _________________.__ 7
Graphic section of the several formations of the Bisbee Group in the Mule Mountains__ . ____________________ 11
Photograph of boulders of Glance Conglomerate adjacent to cut of well-indurated Quaternary alluvial gravel

near north end of Huachuea Mountains_ _ . _ o e 13
Photograph of specimen of rhyodacitic(?) lava from the volcanic unit of the Glance Conglomerate showing

caleite amygdules. e 14
Diagrammatic section of Glance Conglomerate in the Huachuea Mountains, showing relief of pre-Glance surface

and variations in thickness of the Glance and its members. ___ __ _ . __ . ____________ 14
Photomicrograph of typical feldspathic sandstone from principal reference section of Morita Formation_______ 16
Generalized columnar sections of Cretaceous rocks in Huachuea and Mule Mountains, showing correlations of

formations between the two ranges_ .. e 18
Photograph of reefoid lens, or bioherm, in upper member of Mural Limestone in NW sec. 1, T. 24 8, R. 25 E,,

about 2 miles east of Mule Mountains._ ___ _ e 20
Diagram showing relative abundance of selected heavy minerals in sandstones in the principal reference sections

of the formations of the Bisbee Growp.___ . o e 23
Photomicrograph of typical fcldspathic graywacke from the Fort Crittenden Formation______________________ 26



MESOZOIC STRATIGRAPHY IN SOUTHEASTERN ARIZONA

MESOZOIC STRATIGRAPHY OF THE MULE AND HUACHUCA MOUNTAINS, ARIZONA

By Purmure T. Haves

ABSTRACT

Triassic and Jurassic strata in the report area are confined
to the Huachuca Mountains, where they are included in the
Canelo Hills Volcanies and in a presumably equivalent unit of
generally altered strata, which is informally referred to as sili-
ceous volcanic rocks of the Huachuca Mountains. Both units
range in thickness from wedge edges to several thousand feet
and rest on an erosion surface of considerable relief carved on
Paleozoic rocks. The Canelo Hills Volcanics are locally subdi-
vided into a lower member, which consists dominantly of vol-
canic sediments and tuffs, a rhyolitic lava member, and an
upper, welded tuff member.

Lower Cretaceous strata in both the Huachuca and the Mule
Mountains are assigned to the Bisbee Group, whose constituent
formations are all well exposed in the Mule Mountains, where
principal reference sections are designated for each. The Glance
Conglomerate, at the base of the group, overlies older rocks
on an erosion surface of major relief; its thickness is variable,
from 0 to more than 3,600 feet, and it contains a mapped vol-
canic member in the Huachucas. The Morita Formation, made
up mostly of red mudstone and siltstone and pinkish-gray felds-
pathic sandstone, is 2,600-4,2000 feet thick. The Mural Lime-
stone, of marine origin, is divided into two informal members and
ranges in thickness from about 300 to about 800 feet. The
Cintura Formation, which is lithologiéally similar to the Morita,
ranges in thickness from an erosional wedge edge to more than
2,000 feet.

Upper Cretaceous strata. represented by the Fort Crittenden
Formation, are present only in the Huachucas, where they lie
unconformably on the Bisbee Group. The formation, as much as
2,000 feet thick, consists dominantly of conglomerates in the
lower part and of variegated mudstones and drab graywackes

in the upper part.
INTRODUCTION

This report describes the lithologies and field rela-
tions of layered Mesozoic rocks in the Mule and Hua-
chuca Mountains, Ariz. (fig. 1). Mesozoic strata of the
Mule Mountains, all Lower Cretaceous, were studied
in 1960 by Edwin R. Landis and me while we were
mapping the southern part of the range. Field data
on the much more complete Mesozoic sequence (Trias-
sic and Jurassic, Lower and Upper Cretaceous) of the
Huachuca Mountains were gathered by me during the
mapping of those mountains from 1962 to 1965. George
C. Cone assisted in the measurement of Cretaceous rocks

in the Huachucas. Field interpretations benefited from
the observations of many of my colleagues, particularly
Harald Drewes, Robert B. Raup, and Frank S. Simons,
all of whom have been working concurrently with me
on related projects in areas to the north and west. The
geologic maps of the Mule (Hayes and Landis, 1964)
and the Huachuca Mountains (Hayes and Raup, 1968)
should be aids to the reader of this report.

GEOLOGIC SETTING

Pre-Mesozoic rocks in the area studied include units
of Precambrian and Paleozoic age. The oldest rocks are
in the Mule Mountains; they are assigned to the Pinal
Schist and are presumed to be older Precambrian in
age. Older Precambrian rocks of the Huachuca Moun-
tains are all granitic and are presumably somewhat
younger than the Pinal Schist. Younger Precambrian
sedimentary rocks, found less than 40 miles to the north
in the Little Dragoon Mountains (Cooper and Silver,
1964, p. 36—43), are absent from this area. Here, older
Precambrian rocks are overlain on a major unconform-
ity of low relief by as much as 6,000 feet of dominantly
marine Paleozoic sedimentary formations, which rep-
resent the Cambrian, Devonian, Mississippian, Pennsyl-
vanian, and Permian Systems. In both the Mule and
the Huachuca Mountains, Paleozoic and older rocks
locally show the effects of normal faulting and vertical
uplift prior to the onset of Mesozoic deposition.

Mesozoic rocks in the area consist of sedimentary,
volcanic, and intrusive igneous rocks. Pre-Cretaceous
layered rocks of Mesozoic age are dominantly volcanic
and are confined to the Huachucas, where they are as
much as several thousand feet thick. These layered rocks
were invaded by a pluton of Jurassic age, the Huachuca
Quartz Monzonite. A pluton of similar age, the Juniper
Flat Granite, invaded pre-Mesozoic rocks in the Mule
Mountains. In both ranges, Lower Cretaceous strata,
1-2 miles thick, represented by the Bisbee Group,
overlie these Jurassic plutons and older rocks on an
unconformity of considerable relief. In the Huachuca
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F16URE 1.—Index map of southeastern Arizona and adjacent areas, showing location of Mule and Huachuca Mountains and
other features mentioned in text. Area of figure 2 stippled.

Mountains, the Bisbee Group and older rocks were
folded and thrust faulted before deposition of several
thousand feet of Upper Cretaceous strata. The Upper
Cretaceous in the Huachucas has itself been sharply
folded.

Rocks and deposits younger than Mesozoic layered
rocks consist of igneous rocks and continental sedimen-
tary deposits. In the Huachuca Mountains, and to a
lesser extent in the Mule Mountains, Cretaceous and
older rocks have been intruded by a variety of hypa-
byssal igneous rocks, which probably were emplaced
during late phases of Laramide deformation. Adjacent
to the Huachuca Mountains on the north and northeast
are orogenic sediments of early and middle Tertiary
age that antedate the late Cenozoic uplift of the present
ranges. The youngest deposits in the area consist of
basin fill and alluvium that postdate the latest faulting
and the mountain uplift.

The Mule and Huachuca Mountains are distinctly
different in structural character. The Mule Mountains
are basically a large faulted and intruded northwest-
trending anticline. Most of the faults in the range are

high angle and pre-Cretaceous in age, and major
igneous bodies are also pre-Cretaceous. Except in the
southeast end of the mountains, where Cretaceous rocks
have been sharply folded and dislocated along a south-
west-dipping low-angle fault, Cretaceous rocks have
been deformed very little. The dominant structural
features of the east side of the Huachuca Mountains
are a series of related northeast-dipping thrust or re-
verse faults of post-Early Cretaceous age. Mesozoic
strata on the west side of the range have been sharply
upturned and folded, and large areas of nearly vertical
or overturned beds are prevalent. Stratigraphic rela-
tions in Mesozoic rocks in the Huachucas, therefore, are
more difficult to interpret than they are in the Mule
Mountains.

The two ranges are separated by alluvium of the 12-
mile-wide San Pedro River valley (fig. 2), and the
tectonic relationships between the ranges and the struc-
ture beneath the valley are conjectural. Probably the
valley is basically grabenlike, and the Mesozoic rocks
of the two ranges are not significantly farther apart or
closer together than during deposition. However, the






















MULE AND HUACHUCA MOUNTAINS

Hills Volcanics of the Huachuca Mountains area is
probably of Early Jurassic age, and the lower member
1s most likely of Late Triassic or Early Jurassic age;
the age of the rhyolitic lava member, of course, is inter-
mediate between the ages of the other two members.

CONDITIONS OF DEPOSITION

The Canelo Hills Volcanics were clearly deposited in
a continental environment in an area of high relief.
The exotic blocks in the lower member in the nearby
Canelo Hills and in the rhyolitic lava member there
and in the Huachucas are evidence of this relief. The
conglomerates in the lower member probably represent
tan gravels deposited at the foot of high hills or moun-
tains, and the finer sediments in the member are prob-
ably dominantly stream deposits. The great thickening
of the welded tuff member from about 250 feet near
Montezuma Canyon to about 500 feet in the L.one Moun-
tain area and to at least 6,400 feet locally in the Canelo
Hills (Hayes and others, 1965, p. M4) suggests that the
vent area for the volcanics was in the vicinity of the
present Canelo Hills,

SILICEOUS VOLCANIC ROCKS OF THE
HUACHUCA MOUNTAINS

GENERAL DESCRIPTION AND DISTRIBUTION

The siliceous voleanic rocks of the Huachuca Moun-
tains, possibly as much as 4,000 feet thick, are mostly
volcaniclastic rocks, although some lava and minor
clastic sedimentary rock are present in the unit. Charac-
teristic of the unit are abundant exotic blocks and mega-
breccias of Paleozoic sedimentary rock.

These rocks are confined to the southern part of the
mountains, where they occur in eastern, central, and
western structural blocks. Exposures in the eastern
block, a northeastward-tilted block between two north-
east-dipping thrust faults, are on the north and east
slopes of Miller Peak and the slopes of Carr Peak (fig.
2), on the north and east slopes of Bob Thompson Peak,
and above the east base of the mountains between Stump
and Hunter Canyons. In the central block, the volcanics
occur in a faulted roof pendant in the Huachuca Quartz
Monzonite between Montezuma Peak and the head of
Ash Canyon. The voleanics in the western block dip
southwestward and crop out in a series of exposures on
and southwest of the central drainage divide of the
mountains from the head of Sawmill Canyon to near
Montezuma Pass. Some of the rocks in this western block
were only tentatively mapped as siliceous volcanics of
the Huachuca Mountains; they could almost as well
have been assigned, with question, to the Canelo Hills
Volcanics.

A9

LITHOLOGY

The siliceous volcanics of the Huachuca Mountains
in the western structural block consist largely (about
75 percent) of pale-red to grayish-red quartz latite to
rhyodacite tuff and contain some felsite, flow-banded
Iava, and sedimentary rock.

The tuff bears a general resemblance to that in the
welded tuff member of the Canelo Hills Volcanics, but it
also has some distinct differences: the tuff in the vol-
canics of the Huachuca Mountains does not seem to be
as densely welded as that in the Canelo Hills Vol-
canics; it has a noticeably lower content of quartz
phenocrysts; it contains much more sodic plagioclase
than potassium feldspar; and it seems to contain more
lithic fragments.

Generally, the felsite is sparsely porphyritic and is
mostly pale reddish purple. Phenocrysts of sodic plagio-
clase are dominant over those of potassium feldspar, in
some places greatly so, and quartz as phenocrysts is
sparse to absent. In thin section, the groundmass ap-
pears to be almost entirely devitrified glass that has
little or no detectable flow structure.

Rare flow-banded siliceous lava in the unit is grayish
red purple to grayish purple. The flow banding is crude
but conspicuous, as are the spherulites. Phenocrysts of
sodic plagioclase are sparse; other phenocrysts are
absent. In thin section, the groundmass is seen to be
almost entirely devitrified glass with well-developed
flow structure.

Sedimentary rock is a very minor constituent of
the siliceous volcanics of the Huachuca Mountains, ex-
cept in the upper end of Sawmill Canyon where the unit
laps onto an ancient hill of limestone of Permian age.
In that area, the basal few feet of the volcanic unit ad-
jacent to the limestone consists of angular limestone
cobble conglomerate, which grades laterally and verti-
cally into angular volcanic-pebble conglomerate, tuf-
faceous sandstone, siltstone, and mudstone. The finer
rocks and the sand matrix of the volcanic-pebble con-
glomerate are all moderate red. Sedimentary rocks
similar to these are present in the lower member of the
Canelo Hills Volcanics.

The siliceous volcanic rocks of the Huachuca Moun-
tains have been somewhat epidotized in the central
structural block, where they occur in a roof pendant.
The alteration, in general, is not so severe that the rocks
cannot be directly compared to those of the western
structural block. In the central block, however, tuff is
greatly dominant, felsite is very sparse, flow-banded
lava is apparently absent, and sedimentary rock con-
sisting only of sandstone, siltstone, and mudstone is
sparse.
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In the eastern structural block, the rocks have been
more intensely propylitized than in the central struc-
tural block and, where adjacent to thrust faults, have
been rather thoroughly sheared. As a consequence, they
are not immediately recognizable as belonging to the
same unit. However, close hand-lens inspection of the
rock reveals that nearly all the rock is tuffaceous mate-
rial closely similar in texture to tuff in less altered ex-
posures of the unit. Minor amounts of epidotized silt-
stone and hornfels were also observed.

Exotic blocks derived from Paleozoic sedimentary
formations are abundant in the siliceous volcanics of
the Huachuca Mountains in all three structural blocks.
These exotic blocks range from unmapped blocks a few
feet long to blocks, mapped by Hayes and Raup (1968),
that are several thousand feet long and several hundred
feet thick. The largest mapped blocks, however, are
probably composites of several smaller blocks and, thus,
may more properly be termed “megabreccia lenses.” All
the exotic blocks and the bedding within them, as well
as the megabreccia lenses, appear to be approximately
alined with the crude layering of the enclosing vol-
canics. The sedimentary material, generally limestone
or dolomite, within the exotic blocks is, in most places,
finely to coarsely brecciated internally.

THICKNESS

The siliceous voleanie rocks of the Huachuca Moun-
tains are an estimated 2,500+500 feet (8002150 m)
thick northeast of Miller Peak, where neither base nor
top is exposed; the exposed voleanics are estimated to
be 8,000,000 feet (900-1,200 m) thick in the vicinity of
Pat Scott Peak, where the base of the unit is faulted.
Less than 1 mile (114 km) north of Pat Scott Peak the
unit is absent; its stratigraphic position is marked by
an unconformity between Paleozoic and Cretaceous
strata.

STRATIGRAPHIC RELATIONS

Siliceous volcanic rocks of the Huachuca Monntains
unconformably overlie undifferentiated Permian rocks
of the upper part of the Naco Group on the north slope
of Bob Thompson Peak and between Stump and Hunter
Canyons (Hayes and Raup, 1968). Rocks tentatively
assigned to the voleanic unit also unconformably overlie
the Naco Gronp on the west side of the mountains be-
tween Cave Creek and C'opper Canyon and lap onto an
anctent hill of Colina Limestone of Permian age in
the upper reaches of Sawmill Canyon.

The volcanics are unconformably overlain by the
Glance Conglomerate of Early Cretaceous age between
Cave Creek and Sawmill Canyon. In the Montezuma
Peak-Ash Canyon area, the volcanics have been in-
truded and altered by the Huachuca Quartz Monzonite.

MESOZOIC STRATIGRAPHY IN SOUTHEASTERN ARIZONA

AGE

Stratigraphic relations described in the preceding
section, along with the existence of abundant exotic
blocks and megabreccias of Permian rocks, confirm that
the siliceous volcanic rocks of the Huachuca Mountains
are post-Early Permian in age and that they are older,
probably considerably older, than the Glance Conglom-
erate of Early Cretaceous age. The rocks are, as a
matter of fact, older than the Huachuca Quartz Mon-
zonite. Biotite from that quartz monzonite in NW1/
sec. 7, T. 24 S., R. 21 E., was assigned a potassium-argon
age of 164==6 m.y. by R. F. Marvin, H. H. Mehnert, and
Violet Merritt of the U.S. Geological Survey (written
commun., Nov. 7, 1968), indicating a Jurassic age for
that rock. On this basis, then, the siliceous volcanics
are no younger than Early Jurassic and could be as old
as Triassic.

CONDITIONS OF DEPOSITION

The conditions of deposition of the siliceous volcanics
of the Huachuca Mountains were probably basically the
same as those postulated for the Canelo Hills Volcanics.

CRETACEOUS STRATA

BISBEE GROUP

A sequence of Lower Cretaceous rocks more than
5,000 feet thick underlies more than half the area of the
Mule Mountains (Gilluly, 1956; Hayes and Landis,
1964). Dumble (1902) recognized the age of these strata
and named them the “Bisbee beds.” Ransome (1904)
assigned group status to the Bisbee and distinguished
four formations within the group, all, except for the
Morita, with type localities in the southern part of the
Mule Mountains. In ascending order, these are the
Glance Conglomerate, Morita Formation, Mural Lime-
stone,and Cintura Formation (fig. 7). Stoyanow (1949)
made exhaustive fossil collections from the Bisbee
Gronp in the Mule Mountains area and proposed further
refinements in the stratigraphy. Hayes and Landis
(1961), however, found Stoyanow’s units unsuitable
for mapping and retained Ransome's basic stratigraphy.

The presence of many thousands of feet of Lower
Cretaceous rocks on the west side of the Huachuca
Mountains has been known for decades, but very little
about them has been previously reported in the pub-
lished literature. Stoyanow (1949, p. 30) reported on
some Early Cretaceous fossils collected in the moun-
tains. Brief descriptions of the formations of the Bisbee
Group in the Huachucas based on early stages of the
present investigation were made by Brown, Davidson,
Kister, and Thomsen (1966, fig. 3). Schafroth (1968)
summarized unpublished descriptions by William R.
Moran.
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Descriptions of the individual formations of the Bis-
bee Group in the Mule and Huachuca Mountains are
given below followed by notes on heavy-mineral studies
and the age and conditions of deposition of the group
as a whole.

GLANCE CONGLOMERATE
NAME AND PRINCIPAL REFERENCE SECTION

The Glance Conglomerate was named by Ransome
(1904, p. 56) for a station (in NE14yNW1/ sec. 4, T. 24
S., R. 25 E.) on a now-long-abandoned railroad near
the Glance mine (fig. 2) in the Mule Mountains, but
no type section for the formation was designated. The
hill on which the Glance mine shaft is located may
appropriately be considered his type locality, but be-
cause the top of the formation is absent, a suitable
section cannot be measured there. A section of the
Glance measured in the NW14,NE1/ sec. 15, T. 23 S, R.
24 E., where the formation is much thinner than at the
type locality, is here presented as the principal reference
section of the formation (fig. 7).

GENERAL DESCRIPTION AND DISTRIBUTION

The Glance Conglomerate in the Mule Mountains
is a basal conglomeratic formation that rests on a highly
irregular erosion surface cut on rocks ranging in age
from Precambrian to Jurassic. The formation there
varies widely in thickness (from 0 to at least many
hundred feet) and in the composition of the poorly
sorted detrital clasts that make it up. In the Huachuca
Mountains and vicinity, the formation is similar to that
in the Mule Mountains area, except that in most places
in the Huachueas it is thicker and contains a mapped
volcanic unit of lavas of intermediate composition
(Hayes and Raup, 1968) ; thin unmapped lava units are
also found locally in the conglomerate. In the vicinity
of Cave Creek (fig. 2), there seems to be some inter-
tonguing of lavas and conglomerate. As in the Mule
Mountains, the basal conglomerates are reflective of the
underlying bedrock, which in the Huachucas includes
earlier Mesozoic volcanics as well as Jurassic granitic
rock, Paleozoic sedimentary rocks, and Precambrian
crystalline rocks.

The principal exposures of Glance Conglomerate in
the Mule Mountains area are in a broad outcrop band
south of Gold Hill (fig. 2). The Glance also crops out
extensively for several miles northwest and southeast
of Warren. A third important outcrop band, where the
Glance is much thinner, extends northwest from near
Sagimaw along Mule Gulch to near the Sandy Bob
Ranch area in the northwestern part of the mountains.

MESOZOIC STRATIGRAPHY IN SOUTHEASTERN ARIZONA

The Glance is also exposed on a thrust plate near the
mouth of Glance Creek.

In the Huachuca Mountains, the Glance is completely
exposed in the northern part of an irregular and con-
siderably faulted outcrop band that extends about 14
miles (23 km) northwestward from the Mexican border
south of Coronado Peak to a point about 2 miles (3 km)
northwest of Peterson Peak (fig. 2). Along most of its
length, this band of exposures is on the west flank of the
range; but for about 3 miles (5 km) between the head
of Garden Canyon and Pat Scott Peak it forms the
crest, and for about 114 miles (214 km) at the south
end of the range, where it is crossed by the road over
Montezuma Pass, it lies along the crest. Apparently
complete exposures of the formation are also present
at two localities near the north end of the Huachucas.
Partial exposures of the Glance are present in fault
slices at many other localities, of which the most instruc-
tive are south of the mountains in the lower reaches of
Bear and Cave Creeks.

LITHOLOGY
MULE MOUNTAINS

The Glance Conglomerate in the Mule Mountains is
characteristically made up of poorly sorted and poorly
rounded cobbles and pebbles bound in a matrix of red-
dish-brown sandy and silty mudstone. The composition,
size, and degree of sorting and rounding of its clasts
vary both vertically and laterally and are strongly
controlled by the lithology and local relief of the
underlying surface.

Clasts in the basal few feet of the formation are gen-
erally angular or poorly rounded, and their composition
directly reflects that of the underlying formation,
whether it be limestone, schist, or granite. Most clasts
near the base of the formation are cobbles and pebbles,
but boulders up to 1 foot (30 cm) in diameter are not
uncommon locally. Higher in the formation, clasts are
smaller, subrounded to subangular, and more varied in
composition, but nowhere were fragments recognized
that appear to have been derived from any formation
not now exposed at the surface somewhere in the Mule
Mountains. The Glance grades upward through a thin
transition zone of conglomeratic sandstone and siltstone
into the Morita Formation.

Bedding planes are generally obscure. In most places
the attitude of the bedding can only be determined ap-
proximately by sensing the attitude of horizons of
change in clast size or a change in clast lithology.

Texturally, the poorly sorted conglomerate of the
Glance is nearly identical with the Quaternary alluvial
fan deposits along the present mountain fronts (fig. 8).
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determinations of three samples disclose that 25-75
percent of the rock consists of undetermined clay
minerals, 10-50 percent of calcite to calcareous dolo-
mite, 10-20 percent of quartz silt, and in one sample,
about 20 percent of disseminated chert.

Thin beds of medium-gray sandy and argillaceous
oyster-bearing limestone occur in the upper part of the
Morita. Because they are similar to the more abundant
limestone in the lower part of the overlying Mural
Limestone, they are not described here.

THICKNESS

The thickness of the Morita in the principal reference
section in the Mule Mountains is 2,605 feet (855 m).
Ransome (1904, p. 64) reported a thickness of 1,800 feet
(550 m) at the same locality. Our measurement was re-
checked carefully and is reported here with confidence.
Gilluly (1956, p. 73) measured roughly 3,000 feet (900
m) of Morita in the northern part of the Mule Moun-
tains, about 5 miles (8 km) north of the principal refer-
ence section. The formation is 4,200 feet (1,280 m) thick
on the west side of the Huachuca Mountains, where
measured along Bear Creek in secs. 1 and 12, T. 24 S,,
R. 19 E. (fig. 12), and is very nearly the same thickness
where roughly measured in Merritt Canyon in secs. 4
and 5, T. 23 S., R. 19 E. It thins northward from Merritt
Canyon, and in the Woodyard Canyon area in sec. 1,
T. 22 S., R. 18 E., it is estimated to be only about 3,000
feet (900 m) thick.

CONTACTS

The basal contact of the Morita Formation is de-
scribed in the section on the Glance Conglomerate. The
contact with the overlying Mural Limestone is grada-
tional and is placed at the base of the lowest sequence
of interbedded drab mudstones and impure limestones
that overlies a series of conspicuous sandstone ledges
at or very near the top of the Morita. Although scat-
tered fossiliferous limestone and drab mudstone beds
similar to those found in the lower part of the Mural are
present in the upper several hundred feet of the Morita,
they are greatly subordinate to the sandstone beds typi-
cal of the Morita. Limestone is conspicuously more
abundant in the lower part of the Mural, and the sand-
stones in that formation are more calcareous and less
resistant than those of the Morita. The grayish-red mud-
stone and siltstone of the Morita are very sparse in the
Mural Limestone. On the steep dip slopes on the west
side of the Huachucas, the basal mudstones and lime-
stones of the Mural are not well exposed, but the sand-
stone ledges of the upper part of the Morita are ap-
parent in most places and allow a close approximation
of the position of the contact.
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CONDITIONS OF DEPOSITION

The Morita Formation probably represents deposi-
tion on a slowly subsiding subaerial deltaic plain. The
sandstone beds that rest in a cut-and-fill relation on
underlying siltstone and mudstone units are believed
to represent channel deposits of meandering streams
that flowed across the plain, and the intervening silt-
stone and mudstone units ave believed to represent inter-
fluvial flood deposits. The thin impure oyster-bearing
limestone beds in the upper part of the Morita undoubt-
edly were deposited in brackish waters that intermit-
tently flooded the delta from an advancing sea to the
southeast.

In lithologie detail and in cyclicity of lithologies, the
Morita Formation is strikingly similar to the Old Red
Sandstone of Britain (Allen, 1964) and to the Catskill
Formation of New York State (Friedman and John-
son, 1966), both of which have been interpreted as
ancient delta deposits.

MURAL LIMESTONE
NAME AND PRINCIPAL REFERENCE SECTION

The Mural Limestone was named by Ransome (1904,
p. 56) for Mural Hill (fig. 2) in the Mule Mountains
northeast of Bisbee. Although he did not map them
separately, Ransome (1904, p. 67) recognized two dis-
tinct members of the formation. Stoyanow (1949, p. 6)
proposed that only the upper member be known as the
Mural Limestone and that the name Lowell Formation
be applied to beds included by Ransome in the lower
member of the Mural and in the upper part of the
Morita Formation. In a more recent report, Hayes and
Landis (1961, p. B126) pointed out the general unsuit-
ability of the Lowell Formation as a map unit, and the
limits of the Mural Limestone as originally proposed
by Ransome are followed here.

No precisely located type section for the Mural Lime-
stone has previously been established. Ransome (1904,
p- 67) reported thicknesses for the lower and upper
parts of the Mural when he named the formation, but
he did not state where the measurements were made.
Presumably they were made near Mural Hill. The lower
member of the Mural was measured, during the present
work, high on the southwest side of Mural Hill in the
NEYNE1; sec. 10, T. 23 S., R. 24 E. A much more
satisfactory section of the upper member of the Mural
Limestone than that on Mural Hill was measured in the
SW1,SE1, sec. 12, T. 23 S., R. 24 E., about 2 miles
(3 km) southeast of Mural Hill. These sections of the
two members of the Mural are considered together as
the principal reference section of the formation (fig. 7).
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of the Mural, where mapped separately in the Mule
Mountains, is conformable but sharp. It is placed where
the nonresistant calcareous sandstones and siltstones
and impure limestones of the lower member give way
to the more resistant relatively pure limestones of the
upper member.

The contact of the Mural with the overlying Cintura
is gradational and is placed at the top of a limestone
bed above which sandstone is dominant over limestone
and below which limestone is dominant over sandstone.
Within the Mule Mountains, this choice of contact
rarely causes difficulty; in most areas, there is little
question as to which bed should be considered the top
of the Mural. In the Huachucas, some yellowish-gray
shale and siltstone of the type present in the upper mem-
ber of the Mural is arbitrarily assigned to the Cintura,
as are scattered limestone beds as much as 3 feet (1 m)
thick that are found tens of feet above the sequence of
predominant limestones.

CONDITIONS OF DEPOSITION

The Mural Limestone is a marine deposit. The lower
member, made up of mixed and interbedded terrigenous
sediments and carbonates, represents the pulsating
northwestward advance of the sea over the subaerial
deltaic plain represented by the Morita Formation.
The upper member of the Mural represents shelf car-
bonate deposition. Rudistid reef mounds flourished
locally in the area of the present Mule Mountains, which
was well offshore, beyond any significant influx of ter-
rigenous sediment. At the same time in the area of the
present Huachuca Mountains, which was undoubtedly
closer to the shoreline, terrigenous sediments were inter-
mittently spread over the sea floor.

CINTURA FORMATION
NAME AND PRINCIPAL REFERENCE SECTION

The Cintura Formation was named by Ransome
(1904, p. 56) for Cintura Hill (fig. 2), about 414 miles
(7 km) northeast of Bisbee in the Mule Mountains.
Ransome did not indicate precisely where he measured
the Cintura Formation, but it was, no doubt, somewhere
between Mule Gulch and Dixie Canyon near the east
edge of the mountains. During the present investigation,
a section was measured from the SE1 sec. 12, T. 23 S.,
R. 24 E., northward along a spur toward Grassy Hill to
near the north line of sec. 12 and thence eastward a short
distance to a prominent white quartzite bed. The remain-
der of the section was measured upward from the same
bed on the opposite side of a fault along the north edge

2 Evidence that the sea advanced from the east and south is the fact
that limestones of marine origin equivalent to the Mural are thicker in

those directions and are thinner or absent in areas to the north and west
(Hayes and Drewes, 1968, p. 55).
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of the NW14,NE1, sec. 7, T. 23 S., R. 25 E. It is pro-
posed that this section be taken as the principal refer-
ence section of the Cintura Formation (fig. 7).

GENERAL DESCRIPTION AND DISTRIBUTION

The Cintura Formation, about 1,800 feet (550 m)
thick in the Mule Mountains and possibly more than
2,000 feet (600 m) thick locally in the Huachucas, can
be pictured as a crude mirror image of the Morita For-
mation. Like the Morita, it is made up mostly of re-
peated sequences of pinkish-gray sandstone that grades
upward into massive grayish-red siltstone and mud-
stone, and, like the Morita, mudstone and siltstone are
slightly dominant over sandstone in the formation as a
whole. Resistant ledges of sandstone, however, greatly
dominate finer grained rock in the basal several hundred
feet of the Cintura, whereas sandstone dominates the
upper several hundred feet of the Morita ; the few lime-
stone beds present in the Cintura are in the lower part,
whereas those in the Morita are in the upper part.

The Cintura Formation is exposed in dip slopes on
the east flank of the Mule Mountains from Johnson
Canyon on the north to about 2 miles (3 km) southeast
of Mule Gulch on the south, a distance of nearly 8 miles
(13 km). Near the north end of the Huachuca Moun-
tains, on the west side, its outcrops underlie several
square miles in the vicinity of Algerita Canyon (fig. 2).
It also crops out in the core of an anticline in the Lyle
Canyon vicinity about 1 mile (114 km) northwest of
the Algerita Canyon outcrop area. A discontinuous, but
locally well exposed, outcrop band southwest of the
Huachuca Mountains extends for about 6 miles (10 km)
southeastward from the vicinity of Merritt Canyon to
the upper part of Lone Mountain Canyon. Other expo-
sures around the core of an anticline are present south of
the Huachucas between Joaquin Creek and Copper
Canyon.

LITHOLOGY

The lithology of the Cintura is so similar to that of
the Morita, except in the relative stratigraphic positions
of dominant lithologic types noted above, that there is
no need to repeat detailed descriptions of the lithologic
types here. Indeed, there is probably no rock type in
either formation that is not represented in the other.
Were it not for the presence of the Mural Limestone
between the two formations and the transitional beds in
the upper part of the Morita and the lower part of the
Cintura, it would be extremely difficult, if not impos-
sible, for the field geologist to distinguish between them.
Even most of the few fossil forms found near the Mural
Limestone in the two formations are insufficiently diag-
nostic to be of value. However, Stoyanow (1949, p. 10)
has described fossil species from beds in the Mule Moun-
tains, considered here as the upper part of the Morita,
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that probably would not occur as high as the Cintura.
Pebble-and-cobble conglomerate previously reported in
the Cintura of the Huachuca Mountains (Brown and
others, 1966, fig. 3) is now excluded from the formation
and is included in the lower part of the overlying Fort
Crittenden Formation of Late Cretaceous age.

THICKNESS

The total original thickness of the Cintura is not pre-
served in the Mule Mountains; the stratigraphically
highest east-dipping beds are covered by Quaternary
alluvial deposits of the Sulphur Spring Valley. We
measured about 1,830 feet (560 m) of Cintura where the
exposed section appears to be the thickest. This com-
pares closely to the 1,800 feet (550 m) reported by
Ransome (1904, p. 69) in the same area.

It is also very doubtful that the original depositional
thickness of the Cintura is preserved in the Huachuca
Mountains area, where the Cintura Formation is over-
lain along an erosional unconformity by much younger
Cretaceous rocks or by Cenozoic deposits. Where meas-
ured in Merritt Canyon in the E14 sec. 8, T. 23 S., R. 19
E., about 930 feet (282 m) of the formation is preserved
(fig. 12), and in all exposures south of that area, the
formation seems to range from about 1,000 feet (300 m)
to 1,400 feet (425 m) in thickness. To the north of
Merritt Canyon the preserved thickness beneath Upper
Cretaceous strata is much more variable. In Brushy
Canyon, about 4 miles (614 km) north of Merritt Can-
yon, the Cintura is probably less than 500 feet (150 m)
thick, whereas a little more than 1 mile (114 km)
farther north, in the Algerita Canyon area, the Cintura
is apparently more than 2,000 feet (600 m) thick. Even
farther north, in the vicinity of Ferosa Canyon west of
the north end of the mountains, there is very little
Cintura preserved beneath Upper Cretaceous rocks, and
locally it is absent. A thickness of 2,750+ feet (840 m),
previously reported for the Cintura (Brown and others,
1966, fig. 3) on the basis of early phases of the present
study, is excessive in that it includes strata at the top
that are now known to be Upper Cretaceous beds that
rest unconformably on the Cintura.

CONTACTS

The basal contact of the Cintura is described in the
section on the Mural Limestone. The upper contact,
except where the Cintura is overlain by Quaternary
alluvium, is not exposed in the Mule Mountains.

The contact of the Cintura with the overlying Fort
Crittenden Formation in the Huachuca Mountains vi-
cinity is an unconformity. The significance of the uncon-
formity is not everywhere immediately obvious, inas-
much as the Fort Crittenden Formation is largely made
up of terrigenous sediments, many of which are super-
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ficially similar to those in the Cintura. Moreover, the
beds on either side of the contact are in most places
nearly parallel, and the bases of most sandstone units
within the Cintura are disconformities and have chan-
nel relations with underlying mudstone and siltstone
units. In detail, however, the unconformable nature of
the contact is readily apparent. In nearly all places, the
basal bed of the Fort Crittenden Formation is a dis-
tinctive conglomerate made up of well-rounded pebbles
to cobbles of rock derived from the Bisbee Group and
older rocks. There is no conglomerate resembling it in
the Cintura Formation. Locally, the basal Fort Critten-
beds are pebble-bearing graywackes unlike the much
cleaner feldspathic sandstones of the Cintura. In the
vicinity of Algerita Canyon, near the north end of the
mountains, the basal Fort Crittenden conglomerate is
a nonresistant angular fanglomeratic-type conglomer-
ate made up mostly of fragments derived from the Bis-
bee Group and set in a matrix of reworked Cintura
mudstone and siltstone.

In some areas of limited outcrop it may be difficult to
distinguish mudstones of the Fort Crittenden from
those of the Cintura, but there are differences worth not-
ing here. In general, the Fort Crittenden mudstones
are more variegated, and even the red-hued mudstones
of the Fort Crittenden are generally paler than those in
the Cintura. Furthermore, the Fort Crittenden mud-
stones typically display much more fissility, or shaliness,
than do most mudstones of the Cintura.

CONDITIONS OF DEPOSITION

The Cintura Formation is interpreted to represent
subaerial deposition on a prograding delta. Conditions
must have been very similar to those during Morita
deposition, except that the sea was rapidly retreating
southeastward away from the region rather than
advancing slowly toward it.

HEAVY-MINERAL CONTENT

Heavy-mineral separates mounted in Aurochlor were
prepared from 38 samples taken from the base of sand-
stone units in the Bisbee Group of the Mule Mountains.
In addition, seven heavy-mineral slides were prepared
from samples collected from widely separated strati-
graphic horizons in the Huachuca Mountains for pur-
poses of comparison with the heavy-mineral zonation
in the Mule Mountains. Until separates from several
sections of equivalent rocks elsewhere in the region
are made and examined, the data gathered from the
Bisbee of the Mule and Huachuca Mountains are only
of limited value. However, certain substantial differ-
ences between the heavy-mineral suites from different
parts of the type sections were noted, and these are
summarized here along with comments on their pos-
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sible significance. Figure 14 graphically shows the dif-
ferences in relative concentrations of several heavy
minerals in the Bisbee Group.

Zircon is present in every sample examined. Most of
the zircon occurs as well-abraded crystals, but a few
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Fi1eure 14.—Relative abundance of selected heavy minerals in
sandstones in the principal reference sections of the
formations of the Bisbee Group. Dots in “Feet above base”
column show positions of beds sampled. Degree of shading
indicates degree of relative abundance of minerals; unpat-
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mineral.
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terminated crystals are present in most samples. Clear
zircon is dominant in all samples, but a pink variety is
also present in most. In the Mule Mountains, pink
zircon consistently makes up more than 20 percent of
total zircon in all samples from the top 700 feet (210
m) of the Morita Formation through the basal 850 feet
(255 m) of the Cintura Formation ; no such zonation is
evident for the few samples from the Huachucas. In
their report on the age of zircon grains in sedimentary
rocks, Houston and Murphy (1965) concluded that most
pink zircon grains in Cretaceous rocks between Montana
and northern Arizona and New Mexico were derived
from Precambrian source rocks and that colorless zircon
grains were more likely derived from Mesozoic plutonic
rocks.

Leucoxene is also present in all samples but con-
sistently makes up from 17 to 47 percent of the heavy-
mineral particles from the top 350 feet (105 m) of the
Morita through the basal 300 feet (90 m) of the
Cintura ; lower in the Morita and higher in the Cintura,
the percentage of leucoxene is much more variable,
ranging from 2 to 51. Hematite, however, which is pre-
sent in most samples, is consistently low where leu-
coxene is high. Hematite ranges from 0 to 7 percent
where leucoxene is high and from about 1 to 80 per-
cent elsewhere. Black opaque grains, probably mostly
magnetite and (or) ilmenite, tend, like hematite, to be
sparsely concentrated in the middle part of the group.

Sphene was noted only in samples from the basal
1,000 feet (300 m) of the Morita and from a sample
collected about 1,760 feet (532 m) above the base of
the Cintura, the stratigraphically highest point
sampled in the formation. Rutile, however, is present
mostly in the middle part of the group.

Tourmaline and yellow metallic sulfide(?) grains are
present in most samples, but no consistent differences in
their concentrations in various parts of the group are
evident. However, in two samples from the Cintura
Formation in the Huachucas, tourmaline is much more
abundant than zircon, whereas this is not true for any
samples from the Bisbee Group in the Mule Mountains.

Apatite is present in most slides. It is most abuandant
in samples from the lower part of the Morita Forma-
tion of the Huachucas.

Trace amounts of garnet and possibly corundum are
present in a few samples.

In summary, heavy-mineral suites from the lower
part of the Morita Formation and the upper part of
the Cintura Formation are similar to one another but
differ noticeably from those in the middle part of the
group, within a few hundred feet stratigraphically of
the Mural Limestone. These differences reflect changes
in the gross lithology of the group. Whether they indi-
cate contributions from a different source area, greater
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distances of transport, diagenetic differences, differ-
ences in environment of deposition, or a combination of
these is speculative at the present time. Recent studies
by Davies and Moore (1969) on the dispersal of Mis-
sissippi River sediments into the Gulf of Mexico indi-
cate that distance of transport has little effect on heavy-
mineral distribution. Diagenetic differences probably
are important in the ratio of leucoxene to black iron
oxides and hematite.

FOSSILS AND AGE

The Glance Conglomerate, the lower 2,000 feet (600
m) of the Morita Foundation, and the upper 1,700 feet
(5615 m) of the Cintura Formation are virtually devoid
of fossils, but shallow-water marine fossils, chiefly mol-
lusks, are abundant in impure limestone beds in the
upper 600 feet (180 m) of the Morita, in both members
of the Mural Limestone, and in impure limestone beds
in the basal 100 feet (30 m) of the Cintura Formation.
Fossils from the Bisbee Group in the Mule Mountains
were studied in considerable detail prior to the present
investigation, and only a few previously unreported
species were collected from that range during this
study. Previous collections have also been reported from
the Huachucas, and these are supplemented by four
new collections.

MULE MOUNTAINS

Limited collections, made by Ransome (1904, p. 70)
“chiefly from the Mural limestone,” were studied by
T. W. Stanton (in Ransome, 1904, p. 70), who said that
fossils from most of the horizons correspond in large
part with fauna from the Glen Rose Formation (upper
part of Trinity Group) of Texas and that possibly the
upper part of the Mural is equivalent in part to the
Fredericksburg Group of Texas. Extensive collections
made and studied by J. B. Reeside, Jr. (in Gilluly,
1956, p. 83-86), from the lower member of the Mural
Limestone and the upper part of the Morita Formation
in the northern part of Mule Mountains indicated that
that part of the sequence there is referable to the upper
part of the Trinity Group of Texas. Stoyanow (1949,
p. 36) made a detailed study of the fauna from the
same stratigraphic interval near the Mule Mountains
along the Mexican border, where he found several
species of ammonites and other fossils not found farther
north in the Mule Mountains. On the basis of his find-

ings, he correlated beds that are placed in the upper,

575 feet (175 m) of the Morita Formation and the basal
90 feet (27 m) of the lower member of the Mural Lime-
stone with the upper part of the Aptian Stage of
Europe, thus indicating equivalence to the lower part of
the Trinity Group for these beds. Several species of the
foraminiferal genus Orbitolina collected and examined
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by Douglass (1960) from the upper member of the
Mural Limestone in and near the Mule Mountains con-
firm the Glen Rose age of this unit.

In conclusion, the upper 600 feet (180 m) or so of
the Morita Formation and about the lower one-fourth
of the lower member of the Mural Limestone may be
correlated with the lower part of the Trinity Group;
the remainder of the Mural Limestone is of late Trintty
age, although the uppermost part may be as young as
Fredericksburg. The Glance Conglomerate and the
lower part of the Morita Formation are probably older
than the Trinity, but I doubt that they are pre-Aptian.
Probably the Cintura Formation is as young as the
Fredericksburg Group and possibly, in part, as young
as the Washita Group.

Previously unreported fossils from the Bisbee Group
of the Mule Mountains collected during this study
include : Dictyoconus floridanus, collected from 199 feet
(61 m) above the base of the upper member of Mural
Limestone in the principal reference section (R. C.
Douglass, written commun., Oct. 3, 1960) ; Caprinella’
sp. from 204 feet (62 m) above the base of the upper
member of the Mural in the principal reference section
(W. A. Cobban, written commun., Aug. 2, 1960) ; and
Trochactaeon sp. from the lower member of the Mural
in a tributary to Dixie Canyon (W. A. Cobban, written
cummun., Aug. 2,1960). A small dinosaur(?) bone frag-
ment detected in a conglomeratic bed in the upper part
of the Cintura Formation has not yet been extracted.

HUACHUCA MOUNTAINS

Imlay (1944, p. 1037) reported the occurrence of
Exogyra arietana, a Washita form that was reportedly
collected in 1893 by a member of the International
Boundary Commission from “the summit of the next
to the highest peak in the Huachuca Mountains.” This
would be Carr Peak, which, as shown by Hayes and
Raup (1968), is capped by a klippe of Mississippian
limestone. However, the fossil probably was collected
from some other point in the Huachuca Mountains,
and, if so, it most likely came from the Mural Lime-
stone, as used in this report. The Mural is present on
the mountain crest in the N14 sec. 21, T. 22 S,, R. 19 E.
(projected). There is no place where younger sedi-
mentary rocks are exposed on the crest of the range nor
are younger rocks known on any significant peak.

Stoyanow (1949, p. 30) identified “Ostrea ragsdales
Hill and numercus specimens of Glauconia aff. G.
branner: (Hill)” from collections that almost certainly
were made from the Mural Limestone, as designated in
this report. He stated that his collections were from
“Parker Canyon,” which is probably the same as that
labeled Merritt Canyon on the geologic map (Hayes
and Raup, 1968), and not the same as the canyon now
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Canyon, about 1,160 feet (858 m) of the formation was
measured, and about 500 feet (150 m) was in the basal
conglomeratic member. There may be nearly 2,000 feet
(600 m) of the formation present north of Lone Moun-
tain. Much less is present in Bear Creek.

CONTACTS

The basal contact of the Fort Crittenden is described
under the Cintura Formation. The upper contact in the
Huachuca Mountains area is a major unconformity over-
lain by late Tertiary and Quaternary gravels.

AGE

The Fort Crittenden Formation of the Huachuca
Mountains area is correlated on the basis of lithology
and stratigraphic position with the Fort Crittenden
Formation of the Santa Rita Mountains area, which is
known to be of Late Cretaceous age (Drewes, 1968).
Physa and petrified wood, the only fossils yet found in
the formation in the Huachucas, are not very diagnostic
of age; but the same fossils are found in the formation
in its reference section in the Santa Ritas. The Fort
Crittenden Formation must also be correlative in part
with the Upper Cretaceous Cabullona Group of Tali-
aferro (1933) known in the Cabullona Basin of Sonora,
Mexico (fig. 1).

CONDITIONS OF DEPOSITION

Rocks of the Fort Crittenden Formation were de-
posited in a variety of continental environments. The
angular-cobble conglomerates, locally present at and
near the base of the formation, are apparently fan gravel
deposits derived from nearby highlands. The rounded-
cobble conglomerates are almost certainly cemented
stream gravels that were transported several, and per-
haps tens, of miles (as reflected by the rounding, sorting,
and scarcity of limestone clasts), from mountainous
source areas during flood stages of one or more sizeable
rivers. The graywackes in the upper part of the forma-
tion are interpreted to represent fluvial sands derived
from the same source areas during a more mature stage
of the geomorphic cycle. The shales of the upper part of
the formation may represent floodstage deposition on
the flood plain of a broad river valley. Perhaps this
valley drained southeastward toward the area of the
present Cabullona Basin of Sonora (fig. 1), where the
thick Cabullona Group of Taliaferro (1933), which is
considered equivalent to the Fort Crittenden Formation,
is preserved.

AND HUACHUCA MOUNTAINS
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