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STRUCTURE AND STRATIGRAPHY OP THE CRETACEOUS ROCKS SOUTH OP 
THE EMPIRE MOUNTAINS, PIMA AND SANTA CRUZ COUNTIES, ARIZONA

by
Don W. Schafroth

ABSTRACT

A small range of mountains, the Empire Mountains, is 
located in the southeast corner of Pima County, Arizona be
tween the Whetstone and the Santa Rita Mountains. The core 
of the range is occupied by a quartz monzonite intrusive 
which is surrounded by Paleozoic and Mesozoic sedimentary 
rocks.

Structurally the range is a discrete unit. It is a 
southwest-plunging anticline truncated on the west, north 
and south by faults. The Clenega Wash syncline plunging to 
the south bounds the east flank. The Empire fault on the 
west is a normal fault with the east side having moved up a 
demonstrably large amount. The trend of this fracture is 
essentially north-south. The uplift of the range is the net 
result of normal faulting and the forceful rise of the igne
ous core.

The Mesozoic sedimentary rocks of the area are part 
of the Cretaceous System with both the Lower and Upper

vlii



Cretaceous Series being represented. The Lower Cretaceous 
rocks are at least 10,670 feet in thickness and are predom
inant ely non-marine clastic rocks with the exception of an 
870 foot segment containing some laminated lagoonal lime
stone beds.

Early in the Cretaceous epeirogenic uplift occurred, 
and structural and/or topographic basins developed. A thick 
wedge of clastic rocks accumulated in one of these basins - 
which occupied the present area of the Empire Mountains. 
These rocks comprise the Willow Canyon Formation.

By:the time Willow Canyon sedimentation was completed 
the Bisbee Sea which had been advancing toward this area 
from the southeast covered this area. Broad lagoons period
ically occupied what is now Cienega Wash, but the sea 
apparently did not advance further to the northwest than the 
Whetstone area. Rapid but minor fluctuations in sea level 
complicated the sedimentary pattern. The sediments accumu
lating at this time are Included in the Apache Canyon

1 . ' - . ' ' ..

Formation.
Following the period of fluctuating sea level was a 

period of stability during which a littoral environment was 
present to the east of the Empire area. Non-marine clastic 
sediments piled up along the sea margins and interfingered 
with the littoral clastic sediments. The resulting rocks 
are in the lower parts of the Shelleburg Canyon Formation.

• 1

In Late Shelleburg Canyon time the sea retreated and
• iX ' ■ '



a flood-plain environment gradually developed. This environ
ment existed on through Turney Ranch time.

Structural deformation occurred following Turney .
Ranch sedimentation and near the end of Early Cretaceous 
time. The resulting structures were truncated by erosion 
during the period of structural quiescence: which followed.

Andesitic volcanism began. The -lavas flowed out onto 
the eroded surface from a center located in the area now oc
cupied by the Santa Rita Mountains. This source area was a; . "
distinctly positive area, and thick wedges of coarse gravels 
composed primarily of detritus derived from the blanket of 
Lower Cretaceous sedimentary rocks covering the rising welt, 
accumulated in the adjacent low area which is now Davidson 
Canyon. Some finer clastic materials spread out from the 
source when: the?rate.'of erosion exceeded that of uplift.
Also, periodic explosive volcanic activity was responsible 
for spreading blankets of andesitic agglomerate and tuff, 
which can be seen interbedded with the conglomerates and i?! •
finer clastic rocks. This complex sequence has tentatively 
been called the Hilton Ranch Conglomerate and is Late Cre
taceous in age.

Basin and range faulting along a north-south trend 
occurred following the Early Miocene, The Empire Mountains 
with associated folds, faults and intrusives developed at 
this point.

Some restricted outcrops of limestone from the. Permian
x



Rainvalley Formation are surrounded by rocks of the Willow 
Canyon Formation and by rhyolitic intrusives. These out
crops are located on the south and southeast flanks of the 
Empire Mountains. Normal faults have, in one instance, bro
ken an elongate block into three pieces. The faults played 
a role in the emplacement of the block, but fluidization 
processes accompanying the rhyolitic intrusion were the 
principal factors in pushing the block upward through part

i
of the Cretaceous section from its normal position at the 
top of the Paleozoic section.



CHAPTER I 
INTRODUCTION

General Statement

. Thick sequences of Cretaceous sedimentary rooks are 
exposed in and near many of the mountain ranges in south
eastern Arizona. The Lower Cretaceous type section, the' 
Blsbee Group, is located in the Mule Mountains and Ninety 
One Hills near Blsbee in southern Cochise County. These 
rocks were initially described by Bumble (1902), and later 
by Ransome (1904) and Stoyanow (1949).

Until recently, the geological investigations in 
the vicinity of the Empire Mountains were restricted to 
small mines and mining districts, but within the last few 
years the work has been extended to include larger areas.

Initial work in the Empire Mountains and vicinity 
was done by Schrader (1915), but the Cretaceous System of 
the Empire Mountains was mentioned only in a general way. 
Barton (1925) also mentions the Cretaceous rocks surroun
ding the Empire Mountains.

More recent stratigraphic studies have been comple
ted by Stoyanow (1949), Keller (1956), Moran (1957), Tyrrell 
(1957) and Moore (I960). The study by Tyrrell which, until 
late in 1961 had restricted circulation, was done as a doc
toral dissertation and contains faunal lists, measured

1



2
sections and geologic maps of the lower Cretaceous rocks
which crop out along the southwest flank of the Whetstone

. . .  •

Mountains. This information has helped in placing the 
rocks surrounding the Empire Mountains in the proper stra-
tigraphic positions as well as allowing more ready and pre-' ' *
else regional correlations.

Moran (1957) described a thick section of rocks on 
the southwest flank of the Huachuca Mountains and considered 
them to be equivalent to the Lower Cretaceous rocks of the 
Nuevo Leon (?), Trinity and Fredericksburg Groups of Texas.

Moore and Miller (I960) also conducted a limited 
stratigraphic and paleontological investigation on the 
south flank of the Empire Mountains.

Stoyanow (1936) designated a sequence of rooks on 
the southeast flank of the Santa Rita Mountains as Upper 
Cretaceous. He called this the Sonoita .Group.

Work on the structural deformation in the immediate
:

area of the Empire Mountains has been done by Wilson (1934), 
Button (1958) and Galbraith (1959).

The stratigraphic position of thick sequences of 
rocks in and adjacent to the Empire Mountains has, for many 
years, been uncertain. These, rocks have been tentatively 
•correlated by most workers with the lower Cretaceous Bisbee 
Group. Still others have felt that these rocks were more 
closely related to the Upper Cretaceous Sonoita Group in 
the Patagonia Mountains.



This lack of agreement on the age of the Oretaoeous 
rocks in and near the Empire Mountains prompted this de
tailed study of their structural and stratigraphic rela
tionships.

The area in which detailed mapping was done is loca
ted within Townships 18 and 19 South, Ranges 16, 17 and 18 
East. The area is apcesible by ranch and mine roads which 
intersect with either US Highway 80, State Highway 83, or 
State Highway 82. The area covered by the regional studies 
includes portions of western Oochise County and eastern 
Fima and Santa Cruz Counties.

Fossils are rare, as are marker beds. In addition, 
the only fossils which may be diagnostic occur in beds 
south of the Empire Mountains where the stratigraphic suc
cession has been interrupted by normal faulting. This area 
was studied in an attempt to fit the rooks in the fault 
blocks together into a recognizable stratigraphic sequence. 
With this accomplished, these rocks could then possibly be 
correlated with sections immediately to the northeast and 
across the valley of Cienega Wash to the east.

Massive conglomerate, agglomerate and tuff beds and 
andesite flows in Davidson Canyon immediately to the west of 
the Empire Mountains, and in and near the faulted area on the 
south flank of the Empire Mountains, lie unconformably on 
Lower Cretaceous rocks.. Similar conglomerate and volcanic 
beds are locally present along the east flank of the Santa

3
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5
Rita Mountains and in the Upper Cretaceous Sonoita Group a 
few miles to the south. These sections were studied in the 
hope that they could furnish sufficient information for 
correlation.

Little is known concerning the environments of de
position of the rocks in question. The sections were sys
tematically sampled. Thin-sections were made of these 
samples, and these were studied for information which, in 
conjunction with other more readily recognizable factors, 
would aid in environmental interpretations. These samples 
cover the spectrum of sedimentary rock types present, from 
the coarsest conglomerates to the finest of mudstones and 
limestones.

Some controversy exists concerning some aspects of 
the type of deformation responsible for the complex struc
tures in the Empire Mountains. Particular areas have been 
studied in an attempt to resolve this problem.

Aerial photographs of the area surrounding^the Em
pire Mountains were used as an aid in the interpretation of
the structural deformation of the area. .; . -r : . ;
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Chapter II
REGIONAL STRATIGRAPHY

Paleozoic Rooks

The Paleozoic sedimentary rocks,in the immediate 
area range in age from Middle Cambrian to Late Permian. 
Rocks representing the Ordovician and Silurian Systems are 
not present. The following list of formations and their 
ages and approximate thicknesses should be sufficient to 
acquaint the reader with the Paleozoic sedimentary section
of the region. .

Unit AgePermian ThicknessRainvall'ey Formation 200 1
Concha Limestone Permian 600 ' ’
Scherrer Formation Permian • 600 '
Andrada Formation Pennsylvanlan-Permlan . 1500 1
Horquilla Formation Pennsylvanian loop/
Black Prince Limestone Pennsylvanian 100 *
Esoabrosa Limestone Early Mississippian 500 '
Martin Limestone Late Devonian 200 '
Abrigo Formation Middle & Late Cambrian 750'
Bolsa Quartzite Middle Cambrian 50'

Cenozoic Rocks

Not a great deal of precise information is available
7



8
concerning the Oenozoic sedimentary rocks of the region. 
These rocks are almost totally unfossiliferous (Stirton, 
1940, reports a Ueohipparlan tooth from the basinfill.), 
and the rocks have been assigned.to the various series of 
the Tertiary System on the basis of structural and strati
graphic relationships.

Unit • Age
Stream deposits, alluvial 
fans and pediment gravels Quaternary
Basinfill Pliocene (?)
Pantano Formation Miocene (?)

Thickness . 
variable 
unknown 
13,000+

Mesozoic Rocks

Cretaceous rocks are widespread throughout south
eastern Arizona. These rocks crop out primarily in the 
mountain ranges, but some extensive exposures can be seen 
in the intermentane valleys where major streams have re
moved the Oenozoic cover. Cienega Wash, Adobe Canyon and 
Davidson Canyon are three such valleys.

The difficulty of interpreting Cretaceous history 
is due to; 1) a paucity of diagnostic fossils, even in ma
rine rocks, 2) rapid facies changes, and 3) intense struc
tural deformation. Fossils are either not present in the 
marine portions of the various sections, they are poorly 
preserved, or they are non-diagnostic. Some remains of 
vertebrates have been found in the non-marine portions of



9
the sequence, but these are incomplete, consisting 
primarily of fragments of femurs.

The stratigraphic relationships between the known 
Cretaceous sections are not simple. Rapid lateral" changes 
in lithology are common. Distinctive marker beds are there
by very rare and, even when present, are not consistent for

. . .  . , •

any great distance.
The most recent regional deformation is of the ba

sin and range type. The ranges, bounded by normal faults 
for the most part, are aligned essentially north-south.
The ranges contain the majority of the outorops. The in
tervening valleys, with some exceptions, are filled with 
more recent sediments. As most of the present topographic 
surface is occupied by these valleys, most of the Greta* 
ceous rocks are covered, and relatively long-range correla
tions are necessary. In addition to these broad areas of 
cover, local structural complications within the ranges 
themselves make it necessary to piece the section together 
from a variety of separated exposures.

Tertiary deformation and intrusion, with the atten
dant metamorphism of the affected rocks, have obscured many 
of the relationships of the Cretaceous rocks, in addition
to those of younger and older rocks as well.' ' - . -

Blsbee Group-The Bisbee Group of Early Cretaceous 
age (Aptian and Albian) is exposed in the Mule Mountains 
and the Ninety One Hills in southern Cochise County



10
(Pig. 2). This area is approximately 50 miles southeast of 
the Empire Mountains. Both marine and non-marine rocks are 
in the Bisbee Group and were first described by Bumble 
(1902), who divided the sequence at Bisbee into four stra- !
tigraphic units without giving them formal names. Bumble 
also collected fossils from the marine portions of the se
quence. In 1904, Ransome called this group of rocks the 
Bisbee Group and redefined Bumble's stratigraphic units, 
retaining, however, four separate formations which he called 
the Glance Formation, Morita Formation, Mural Limestone and 
Olntura Formation. • Stanton identified the fossils in Ran
some *s collection. Barton (1925) p. 135-138) mentioned the 
Bisbee Group, giving thicknesses and general lithologic des- 
crlptions.

. The most recent work on the Bisbee Group is by Stoy- 
anow (1949). In this study Stoyanow defined another unit 
which is well-developed in the Ninety One Hills, a short 
distance to the south of the Mule Mountains. This forma
tion was called the Lowell Formation and is equivalent to 
the upper portions of the Morita Formation and the lower 
part of the Mural Limestone as defined by Ransome.

The thicknesses and lithologies of the five forma
tions are given in Section I, figure 3 (In Pocket).

Unnamed Cretaceous Rocks of the Huachuca Mountalns- 
The Huachuca Mountains are approximately 20 miles west of 
the Mule Mountains and 30 miles south-southwest of the
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Empire Mountains (Pig, 2), Cretaceous rocks in an 8226 
foot section in Parker Canyon on the southwest side of the 
range were described by Moran (1957), This worker conside- 
red these rocks to be Aptian and Albian in age and equiva
lent to the rocks of the Nuevo Leon (?), Trinity and Prede- 
ricksburg Stages of Texas. Six units are defined in the 
measured section. Hone of the units included in the sec
tion has been given a name, either officially or unoffi
cially, so they have been designated simply by number from 
bottom to top. Moran* s descriptions are condensed and the 
sequence is represented in Section 2, figure 3 (In Pocket).

Cretaceous Rocks of the Whetstone Mountains-In map
ping part of the Whetstone Mountains (Pig. 2) Tyrrell (1957) 
measured and described numerous sections of Cretaceous rocks 
Abundant faulting has broken up, repeated or eliminated 
many of the rocks in these sections, but in one locality, on 
the southwest flank of the range, a complete, unbroken se
quence is present. At this locality 8548 feet of section 
has been measured, but it is relatively certain that the 
section continues to the southwest under the alluvial cover 
of the basinfill.

This sequence contains four readily definable for
mations which are part marine and part non-marine. These 
rocks have been correlated by Tyrrell with the Bisbee Group. 
This section is shown in Section 3, figure 3 (lu Pocket).
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The nomenclature used by Tyrrell is used in this 

report in the description of the rocks in the vicinity of 
the Empire Mountains.

Santa Rita Mountains Oretaceous-Most of the forma
tions discussed so far can be seen in various localities in 
the Santa Rita Mountains (Pig. 2), but the occurrences are 
so scattered and incomplete that little use can be made of 
them insofar as the purposes of this paper are concerned. 
There are, however, some exposures of the Hilton Ranch Con
glomerate recognizable along the east front of the range.

Port Buchanan and Port Crittenden Formatlons-A 
thick sequence of Upper Cretaceous rooks on the east flank 

ctifthe. Santa Rita Mountains, approximately 8 miles southwest 
of the town of Sonoita (Fig. 2), were named the Sonoita 
Group by Stoyanow (1936). This group was divided into two 
formations. The lower, containing 2000 feet of conglomerate, 
sandstone and shale, was named the Port Buchanan Formation, 
and the upper, named the Fort CrittendehaPormatlon, contains 
over 2500 feet of conglomerate, sandstone and shale. See

• r - : '.f ' . .
Section 5, figure 3 (In Pocket).

More recent work by Moran (1957) showed the total 
thickness of the Sonoita Group to be at least 2500 feet 
greater than reported by Stoyanow. The more recent infor
mation will be used here. This sequence is the one repre
sented in Section 5, figure 3 (In Pocket).



CHAPTER III
CRETACEOUS STRATIGRAPHY OP THE EMPIRE MOUNTAINS AREA

Parts of the Lower Cretaceous section are exposed 
on the flanks of the Empire- Mountains (Pig. 2). Most of 
the area is structurally complex, being broken into sepa
rate blocks by normal faults. Distinctive marker beds are 
rare within the separate blocks, and it is difficult to 
piece together these small sections in order to determine 
where they fit in. the overall sequence.

The following chart demonstrates the manner in 
which the nomenclature of Tyrrell (1957) has been applied 
to these rocks.

Empire 
* Mountains

Hilton Ranch 
Conglomerate
Turney Ranch 
FormationTurney Ranch 

Formation .
Shelleburg Canyon 
Formation •
Apache Canyon. • 
Formation .Shelleburg 

Canyon For- 
Mation .

Willow Canyon 
FormationsApache Canyon 

Formation
Willow Canyon 
Formation

13
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The thickest continuous section in this area was 

measured by Moore (I960, p. 1). This section extends from 
Total Wreck Ridge on the east flank of the Empire Mountains 
to Cienega Wash. The rocks in this section are correlative 
with Tyrrell's Willow Canyon and Apache Canyon Formations.
A small part of the lower portion of the Shelleburg Canyon 
Formation is also present at the very top of the section.
The total thickness is 8100 feet.

Moore (i960, p. 13) has divided the section into two 
members, the lower being 4000 feet thick, and the upper 
being 4100 feet thick. The relative thickness of the indi
vidual units and the proportion of coarse to fine elastics 
were used by Moore as criteria for this division. The resul
ting boundary, however, is not clear-cut and the boundary 
which is used in this report is at the base of that portion 
of the sequence which contains abundant limestone beds. The 
top of the lower formation, the Willow Canyon Formation, is 
accordingly approximately 6200 feet above the Paleozoic-Cre
taceous unconformity. - As a consequence of the location of 
this boundary, a few thin limestone beds are included in the 
Willow Canyon Formation.

Willow Canyon Formation

The Willow Canyon Formation is 6200 feet thick in 
Cienega Wash as compared to the 433-foot thickness of the 
same formation at its type locality in the Whetstone
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Mountains. The basal Glance Conglomerate Member averages 
approximately 50 feet in thickness, but it ranges up to 100 
feet in some places and in others it is absent. This for
mation lies with angular unconformity on Upper Paleozoic 
focks (Fig. 7) 9 and the cobbles and boulders in the conglo
merate were derived primarily from the underlying Concha and 
Rainvalley Formations. The conglomerate is distinctive in 
its physical appearance, having a moderate reddish brown 
(10 R 4/6) calcareous matrix surrounding the sub-rounded to 
sub-angular limestone pebbles and cobbles. This unit grades 
upward into the olive gray (5 Y 5/2) and moderate brown 
(5 YR 3/4) sandstone and siltstone of the upper member 
(Fig. 8).

The upper member is composed of an alternating se
quence of quartzose and arkosic sandstone with interbedded^ 
siltstone and shale. Some pebble conglomerate zones are 
found within the sandstone. The sandstone is normally white 
(N 9) or grayish orange (10 YR 7/4) in color, medium- to 
coarse-grained and thick bedded. The bedding becomes some
what thinner toward the top of the formation. The clasts 
are sub-angular. Forty percent of the total thickness is 
sandstone with the remaining 60 percent being nearly evenly 
divided between siltstone and shale. The siltstone is com
monly some shade of red or green, as is the shale.

Simple wedge or lenticular cross-beds are common in 
the sandstone beds; graded beds, ripple marks and flute casts

\ '



Paleozoic-Cretaceous angular unconformity, 
Empire Mountains: Glance Conglomerate Mem
ber of the Willow Canyon Formation on left 
Permian Rainvalley Formation on right.

FIGURE 7

FIGURE 8
Glance Conglomerate Member of the Willow 
Canyon Formation, Empire Mountains: Grades 
rapidly from limestone conglomerate into 
arkose at upper right.
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occur in a lesser amount. Euhedral magnetite is common in 
the cross-bed laminae, and, in several places, the cross- 
bedded units are also graded. Fossil wood is common lo
cally. ,

Apache Canyon Formation

Conformably overlying the Willow Canyon Formation is 
the Apache Canyon Formation, an 870-foot thick sequence of 
dark gray (H 3) laminated limestone (Fig. 9)» grayish olive 
(10 Y 4/2) and very dark red (5 R 2/6) siltstone and shale,
and a few beds of medium gray (N 5) and dark yellowish brown

i(10 YR 4/2) sandstone. The limestone contains a high per
centage of organic matter as interstitial carbonaceous ma
terial. Some larger fragments were probably pieces of wood.

The clastic rocks in this section contrast sharply ̂ 
with the limestone in the amount of organic material they 
contain. The clastic rocks contain little or no organic mat
ter, either interstitial or in the form of fossils, except 
for some large algal colonies in one shale bed near the top . 
of the formation. The shale beds are normally thin-bedded 
to laminated, but the sandstone occurs in medium to thick 
beds, and in several units there is no distinct bedding. The 
cement in the clastic rocks is calcareous. Approximately 
200 feet above the base of the Apache Canyon Formation a 
100-foot thick limestone and shale sequence contains some 
gypsum beds. Above this gypsiferous zone the normal



Typical laminated limestone, Apache Canyon 
Formation, Cianega Wash.:

FIGURE 9

FIGURE 10
Upper Cretaceous-Pliocene (?) unconformity: 
Hilton Ranch Conglomerate below Pliocene (?) 
basinfill: Highway cut in south end of David 
son Canyon: Hammer and cup at contact.
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limestone-shale sequence is again present and is approxima
tely 220 feet thick. At the top of this 220-foot thick 
sequence the first sandstone in the Apache Canyon Formation 
occurs. From this point upward the balance of the formation 
is composed of sandstone and shale, with shale predominat
ing in the lower 150 feet. Sandstone becomes more abundant • 
and comprises the bulk of the remaining 50 feet of the for
mation. Above the sandstone is a 4-foot covered interval 
which is overlain by shale and limestone, with two beds of 
sandstone at the top of the formation about 150 feet above 
the covered interval.

Several features of some of the Apache Canyon rocks 
should be noted at this point as they are of significance 
in some of the interpretations of the environments of de
position to be discussed later.

Limonite pseudomorphous after pyrite is common in 
many of the limestone and shale beds. These pseudomorphs 
are commonly distributed evenly throughout a given bed,'but 
locally are in knots or clusters.

Petrographic study of the laminated limestone shows 
angular Isolated sand and silt grains suspended "in the limy
matrix and bearing no.apparent relationship to the texture

• •

or structure of the bulk of the specimen.
The laminae of the limestones are even, consistent 

laterally in thickness, texture, and composition, and show 
no evidence of disturbance.

19
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The closely interbedded sediments of sharply con

trasting texture and composition are particularly signifi
cant in later environmental interpretations.

Shelleburg Canyon Formation

The Shelleburg Canyon Formation is incomplete on 
the west side of Cienega Wash. In the northern part of the
valley between the Empire and Whetstone Mountains, part of

"\
the sequence has been removed by erosion and then covered 
by Recent valleyfill. However, in Pump and Sanford•Canyons, 
which are approximately two and three miles south of the 
Total Wreck Mine respectively, the lower portion of the for
mation is exposed. Still father south in the fault block 
in which the Hilton dinosaur was found, a 2650-foot section 
was measured by the writer, and these rocks, although higher 
in the section than the rocks present in Pump and Sanford 
Canyons, are definitely part of the Shelleburg Canyon For
mation (Figs. 4 and 5). The presence of these rocks in an 
area where they would not normally be expected is due to 
faulting, with the rocks being displaced from their normal 
position in a northerly direction.

The section measured in the fault block on the 
south flank of the Empire Mountains (Appendix A, Sec. Ill) 
is composed primarily of quartzose and arkosic sandstone 
and thin-bedded to laminated siltstone and shale. Approxim
ately two-thirds of the section is sandstone. The sandstone



is light gray.(N 7), grayish olive (10 Y 4/2) and light red 
(5 R 6/6 ), with grayish yellow (5 Y 8/4) and dark yellowish 
orange (10 YR 6/6 ) being the predominant colors on weathered 
surfaces. Planar and lenticular cross-bedding is common, 
and some of the sandstone beds contain small lenses and thin 
layers of pebble conglomerate. The siltstone and shale are 
mostly within the lower half of the section and are grayish
olive (10 Y 4/2), light red (5 R 6/6 ) or varying shades of

• • ' < - ’ gray and weather light red (5 R 6/6) and moderate yellow
(5 Y 7/6). At the base of the section are a few beds of
dark gray (H 3 ) laminated limestone which are identical in
appearance to the limestone in the lower part of the Shel-
leburg Canyon Formation in Pump and Sanford Canyons to the
northeast.

Dinosaur bones were found by Mr. E. P. Hilton about 
1200 feet stratigraphically below the top of the section. 
Several pelecypod biostromes are present in this section, 
but the shell fragments are so badly broken and crushed that 
positive generic identification cannot be made. They may 
belong to the genus Mactra. Immediately above the upper 
biostrome the writer found a very dark red (5 R 2/6 ) shale 
which contained silicified internal casts of ostracods.
The absence of distinctive features made identification im
possible. Silicified wood is very common in the lower 750 
feet of this section, where complete limbs and trunks of the 
trees are relatively intact. These zones are good

21
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environmental indicators. The biostromes, being thin and 
very distinctive, can be used for structural interpretation 
■within the fault block, and the displacements on some small 
faults can be determined by offset on the biostromes.
Similar biostromes have been seen outside the immediate 
area, but it is extremely doubtful if they would be of any 
value in correlating specific units within the Cretaceous 
sequence.

The blocks of the Shelleburg Canyon Formation on 
the south and east flanks of the Empire Mountains do not 
fit together into an uninterrupted composite section, but 
they do represent a major portion of the sequence. The up
per 937 feet of the section measured by Moore (I960) is re
ported as "shale and limestone; undifferentiated because of 
lack of good outcrop;". Possibly the undifferentiated shale 
and limestone sequence also contains sandstone units which 
are equivalent to some of those exposed in the fault block 
to the southwest. The total thickness of the Shelleburg 
Canyon Formation on the west side of Oienega Wash is appros- 
ximately 3600 feet, with an unknown thickness missing in 
the lower part of the formation and at the top.

' • ' • " . ■'Turney Ranch Formation .

Only a very small portion of the Turney Ranch Forma
tion, approximately 1000 feet, is present in the Empire 
Mountains and Davidson Canyon (Appendix A, Sec. II). A



fault marks the bottom of the measured section. South of 
the fault only a few outcrops of arkose and sandstone can 
be seen, and shale outcrops are rare. This covered Inter
val was not measured. The formation Is overlain unoonfor- 
mably by the Hilton Ranch Conglomerate. ^

The Turney Ranch Formation, as In the type section 
In the Whetstone Mountains, is composed of coarse- to fine
grained clastic rocks which are assembled in a repetitive 
sequence of sandstone, siltstone and shale. The sandstone 
Is thin- to thick-bedded. The upper and lower boundaries 
of the beds are commonly sharp, but some gradations upward 
into siltstone or shale were observed. The siltstone and 
shale are various shades of maroon, green and brown, are 
thin-bedded to laminated, and are siliceous. Some of the 
units contain thin layers of bentonite. Scour and fill 
structures are common throughout the sequence. Sillcifled 
wood, although observed in place in only one sandstone bed, 
is probably common throughout the section and is abundant 
as float. '

25

Hilton Ranch Conglomerate

A singular and most Important feature of the stra
tigraphy of this area is the presence of a thick sequence 
of coarse red and green conglomerate units which are inter- 
bedded with tuff, agglomerate and some arkose and shale
beds
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The exact stratigraphic position of the Hilton 

Ranch Conglomerate is not known, but it is probably Late 
Cretaceous in age. The reason for this age assignment will 
be stated in the discussion following the physical descrip
tion of the Sonoita Group in Adobe Canyon.

The most complete section of these rocks is exposed 
on and near the Hilton Ranch in Davidson Canyon. The name, 
Hilton Ranch Conglomerate, is used in this report as a 
field name and is not at this time being proposed formally.

The thickness of the Hilton Ranch Conglomerate . 
(Appendix A, Sec. I): is in excess of 4260 feet. The lowest 
conglomerate bed rests disconformably on a purple andesite 
flow which has a very thin weathered zone at the top. The 
andesite was mapped by Wilson, et al. (I960) as Cretaceous 
in age. On the south flank of the Empire Mountains the 
lowest conglomerate unit rests with angular unconformity on 
sediments assigned to the Turney Ranch Formation. The for
mation terminates in the rhyolite dike which occupies the 
Empire fault zone. The thickness of the conglomerate in 
this locality is about 350 feet. Approximately one mile 
north of the line of measurement the Hilton Ranch Conglome
rate is unconformable on rooks which are probably part of . 
the Shelleburg Canyon Formation. Hear the south end of 
Davidson Canyon the formation is overlain unoonformably by 
basin-fill gravels of Pliocene (?) age (Fig. 10).

The dominant lithology is a dusky red (5 B 3/4)
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c'obble and boulder conglomerate. The cobbles and boulders 
are rounded to sub-angular and were derived from the under
lying Cretaceous sedimentary rocks and volcanic flows. The 
matrix in all of the conglomerate units is medium-to coarse
grained , angular to sub-rounded sand which is cemented with 
silica. The matrix also contains some clay. A few beds of 
light olive (10 Y 4/5) tuffaceous conglomerate occur near 
the top and bottom of the formation, and are identical to 
the red conglomerate except for color.

The tuff beds (Pig. 11) are white (N 9) or light 
gray (N 7 ) and weather to a moderate reddish orange 
(10 R 6/6 ) or light brown (5 YR 5/6). The clasts are in 
the size range of medium to coarse sand.

Plates of biotite are relatively abundant as are 
quartz and potash feldspar grains. Rock fragments are abun
dant in the agglomeratic tuff, but they rarely exceed 15 
percent in the finer tuff units.

The quartzite interbeds are white (N 9) or light 
gray (N 7), the arkose is grayish orange (10 YR 7/4), and 
the shale is light (N 7) to dark gray (N 5) and finely lami
nated. These clastic interbeds are local and are not con
tinuous for a significant distance along strike.

Lenses of sedimentary breccia are present locally. 
The breccia is black (N 1) or dark gray (N 5) and is com
posed of platy pebbles and cobbles of laminated limestone 
and siltstone derived from the Apache Canyon or Shelleburg
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Canyon Formations (Fig. 12). The matrix is in the size 
range of coarse sand and is composed of the same material 
as the pebbles and cobbles except for some chert fragments. 
The cement is sparry calcite and microgranular quartz. '

Lateral changes in grain size and color are rapid 
and pronounced. An example of this change was observed 
where dusky red (5 R 3/4) cobble conglomerate changes to a 
pale red (10 R 6/2) quartzite in a lateral distance of 20 
feet.

No fossils were found.in this formation.



FIGURE 11
Crystal lithic tuff near the top of the Hil
ton Ranch Conglomerate (unit 2); South end

t

of Davidson Canyon.

FIGURE 12 ;
Limestone breccia from unit 3 of the Hilton 
Ranch Conglomerate; Specimen Is 3 Inches 
wide and 4 Inches long.
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CHAPTER IV PALEONTOLOGY

Diagnostic fossils in the Cretaceous rocks of south
ern Arizona are rare except in portions of the Blsbee Group. 
Occasionally marine fossiliferous zones are found in the 
sections in the Huachuca and Whetstone Mountains. The.fos
sils reported from these zones are marine pelecypods. Tyr
rell (1957) gives a list of the faunas and their stratigra
phic position within the section in the Whetstone Mountains. 
Stoyanow (1949) reports a marine pelecypod from the Huachu
ca Mountains, and Moran (1957) reports fragmental marine 
pelecypods from the same general area, hut his faunal list 
is not available.

Non-marine faunal and floral remains are also known 
from the Cretaceous rocks. Lower Cretaceous rocks contain 
abundant silicified wood, algae, arthropods, gastropods, 
pelecypods and vertebrates. Gastropods, pelecypods, arth
ropods, charophytes and vertebrates have been reported from 
the Upper Cretaceous rocks. These non-marine invertebrate 
fossils, both Upper and lower Cretaceous, are normally not 
good time indicators. Some of the vertebrate remains, some 
assemblages of fresh or brackish water invertebrates, and 
some rare marine invertebrates can be used in placing the 
rocks in which they are contained somewhat accurately in
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their proper stratigraphic position and place in time.

The algal knobs from the Shelleburg Canyon Formation 
in the Empire Mountains were examined in thin-section. Re
placement is so complete that the internal structure is ob
literated. The external features of the knobs, concentric 
growth lines, laminations, and the anastamosing structures 
by means of which the colony was attached to the substrate, 
are all that serve to identify these fossils.

Several specimens of fossil wood from the Empire 
Mountains section were examined in thin-section. Again, 
the internal structure was destroyed by the replacement 
process.

Several samples of shale from immediately above a 
pelecypod biostrome were crushed and treated with acid in 
an attempt to extract the contained ostracods. The extrac
tion was successful, but the fossils obtained displayed no 
diagnostic features except for a few brood pouch.impressions. 
The remains are silicic fillings of external molds.

No fossils were found by the writer which could be 
used in time determinations. The fossils which are environ
ment indicators, such as certain non-marine forms, were uti
lized to the utmost, and several examples of this can be 
cited. Trunks of fossil trees are in essentially a normal 
growth position and obviously indicate a sub-aerial environ
ment; leg bones of dinosaurs are most likely burled in sedi
ments deposited in the sub-aerial environmentbranchiopods



from the lower part of the Apache Canyon Formation strongly 
suggest a fresh or brackish water environment; mollusc and 
arthropod assemblages in the upper part of the Shelleburg 
Canyon Formation indicate a fresh water environment; and an 
assemblage of molluscs, arthropods, charophytes and reptile 
remains in the Fort Crittenden Formation suggest a fresh 
water or brackish water environment for part of the rocks in 
the formation.

The following faunal list categorizes the reported 
fossils on the basis of the formations in which they were 
found, the areas in which the formations are located, and 
the individual who reported the fossils.

Huachuca Mountains

Ostrea ragsdalei Stoyanow (1949); Trinity Age
Moran (1957) reports fragmental but identifiable 

pelecypods from a section measured by him, but the faunal 
list is not available. Sufficient information:was apparent
ly available as Moran*considered the rocks in the section to 
be of Nuevo Leon, Trinity and Fredericksburg Age.

Whetstone Mountains

Willow Canyon Formation
Fresh water branchiopods Tyrrell (1957)J non-diagnostic

.Anache Canyon Formation
Branchiopods Schafroth (this report); non-diagnostic

30
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Trigonia maloneana_Stoyanow 
Ostrea frankllnl Coquand
Gryphaea hilll Cragin 

Grynhaea mucronata Gabb

Brachyoxylon (fossil wood)
Bstheria, Oyzicus, and 
Bstherltes rphyllo'pods)

Gastropods, peleoypods, 
branchiopods, and ostracods
Dinosaur bone fragments

Dinosaur bone fragments; 
proximal half of left femur.

Turney Ranch Formation 
Oysters

Brachyoxylon (fossil wood)

Shelleburg Canyon Formation
Tyrrell (1957); Trinity Age

Tyrrell (1957); Fredericks
burg Age

Keller (1956); Fredericks-'
burg Age

Tyrrell (1957); Cretaceous

Keller (1956); non-diagnos
tic

Keller (1956); freshwater,
.non-diagnostic

Keller (1956); too fragmen
tal for identification

Schafroth (this report); 
insufficient material for 
identification

Keller (1956); freshwater, 
non-diagnostic

Tyrrell (1957); Cretaceous

Empire Mountains and Cienega Wash

Willow Canyon Formation 
Silicified wood

Apache Canyon Formation

Schafroth (this report);
non-diagnostic

Silicified wood Schafroth (this report); 'non-diagnostic
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Shelleburg Canyon Formation
Lunatla (?)
Ostrea (?)
Grassatellites (?)
Ostracods

Pelecypods

Dinosaur bone fragments; 
right femur and fragments 
of left femur
Herlnea (?) or Vlvlnarus (?)

Silicifled wood

Turney Ranch Formation 
Silicifled wood

Davidson

Shelloburg Canyon Formation 
Silicifled wood

Gastropods

Moore and Miller (I960);
non-diagnostic

Moore and Miller (1-960); 
Schafroth (this report); 
unidentifiable
Schafroth (this report); 
unidentifiable
Moore and Miller (I960);, 
possible hadrosaurian but 
indefinite
Moore (I960); no positive

. identification
Schafroth (this report);

non-diagnostio

Schafroth (this report);
non-diagnostio

Canyon

Schafroth (this report);
non-diagnostic

Schafroth (this report); too 
fragmental for identification
Schafroth (this report); too 
fragmental for positive iden
tification; possibly Mactra

Pelecypods
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Adobe Canyon

Fort Crittenden Formation
Unlo
Vlvlparus
Piiysa
Sphaerlum
Gorgosaurus libratus 
Fish and turtle remains
Unlo
Viviparus 
Sphaerium •
Fresh water charophytes 
Fresh water ostracods 
Dinosaur remains

Stoyanow (1949); Upper
Cretaceous

Moran (1957); Upper
. Cretaceous.



CHAPTER V 
PETROGRAPHY

Purpose

Since no petrographic studies of the Cretaceous rocks 
in and near the Empire Mountains and Olenega Wash have been 
undertaken previous to this writing, it was felt that even 
the most general of studies would serve a useful purpose. 
Several objectives were considered before and during the 
study. The primary objective was to attempt to make some 
environmental interpretations which could supplement the 
other applied environmental criteria. A determination of 
the source of the sedimentary particles was another conside
ration. This included not only the type of rock in the 
source area but also the relative distance from source to 
basin of deposition. The final consideration was the hope 
that the results of this study would furnish a framework up
on which further detailed studies could be based. Detailed 
petrographic studies could possibly be useful in more pre
cise physical correlations of the Cretaceous rocks, not only 
in the areas covered by this work, but also in other areas 
in southern Arizona.

Sampling Method

More than 450 distinct lithologic units are present
34



in the Cretaceous and Cretaceous (?) section in the Empire 
Mountains area. The time and expense involved in studying 
each of these units being prohibitive, what was felt to be 
a representative sampling of each formation was made. Due 
to the unusual nature of the limestone beds in the Apache 
Canyon Formation the sampling was more detailed, a sample 
being taken approximately every 50 feet stratigraphically 
throughout the entire 750 feet of the section.

Detailed samples were taken of the rocks surroun
ding and within the rhyolite intrusive associated with the 
three exotic blocks of Rainvalley Formation discussed on 
page 97 of this report, This was done in an attempt to de
termine a possible origin of both the blocks and the intru
sive. Beginning on the northwest margin of the intrusive 
and concluding on the southeast, every sedimentary unit was 
sampled. The intrusive was also sampled at several points 
along the traverse (Appendix B).

Method of Study

Thin-sections were made of all samples taken. These 
were studied for those features which would give the most 
information on source areas, relative distance of trans
port, and the length of time to which the sediments were 
subjected to maturing agencies. These factors, in combina
tion with associated sedimentary structures should give 
some insight into the environments of deposition.
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The matrices of several conglomerate units in the 

Hilton Ranch Conglomerate were boiled for several days in 
a solution of water and Calgon. This method served to dis
aggregate the material almost completely. A few disaggre
gated samples were collected from weathered outcrops. The 
separation of heavy minerals was conducted according to me
thods described in Krumbein and PettiJohn (1938, p. 335) 
with bromoform being used as the heavy separating medium.

Petrographic Descriptions

The following petrographic descriptions are grouped 
according to the formations from which the samples were 
collected. The descriptions are in stratigraphic order 
from oldest to youngest.

The clastic rocks are classified according to Folk 
(1954), and the limestones are classified according to Folk 
(1959).

In addition to thin-sections of clastic rocks and 
limestone, a specimen of silicified wood from the lower part 
of the Shelleburg Canyon Formation and a slab from an algal 
head from the Apache Canyon Formation were studied in thln- 
section. These sections are described in stratigraphic se
quence with the rocks from the same formation.

The andesite flow upon which the lowest unit in the 
Hilton Ranch Conglomerate rests is described before the de
scriptions of the rocks of the Hilton Ranch Conglomerate.
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Willow Canyon Formation

MS-1— Poorly-sorted,.slightly sandy, pebble conglomerate:
mature, cal cite cemented, chert and shale-bearing cal-? 
cirudite*
The particles range in size from small cobbles to fine 
sand; are generally well-rounded to rounded in the 
larger sizes and sub-angular in the finer sizes. 
Limestone and shale clasts are better rounded than 
chert and quartz fragments. Chert fragments are em-5 bayed by sparry calcite cement. Limestone clasts are 
comosed of micrite. The coarser particles make up 80 
percent of the rock; the remaining 20 percent is ma
trix and cement. The matrix is composed of detrital 
calcite grains with minor amounts of intermixed de
trital quartz which is well-rounded to sub-angular.
The size ranges from coarse silt to medium sand.
Some veinlets of equigranular chalcedony are present. 
The cement is composed of sparry calcite. Sample from 
unit 32? described by Moore (I960).

MS-4— Poorly-sorted, fine sandy mudstone.
The particles range in size from clay to fine sand 
with a sharply defined break between the clay and fine 
sand: The fine sand is composed primarily of angular
to sub-rounded quartz grains; a few grains of musco
vite, orthoclase feldspar and microcline are present. 
Sand:clay ratio is approximately 1:1. Cement is spar
ry calcite in the sand and often embays the quartz.
Some microquartz and chalcedony bursts can be seen in 
veinlets of sparry calcite. The rock is non-fisSlle. 
Sample from unit 325 described by Moore (I960).

MS-5— Well-sorted, slightly sandy intrasparrite.
' The particles range in size from very fine to fine 

sand and are approximately 95 percent sparry calcite 
allochems and 5 percent quartz; clasts are angular to 
sub-rounded. Microcrystalline ooze matrix and cement • 
comprises 15 percent of total volume; cement and mat
rix* embays the quartz. Sample from unit 324 described 
by Moore (I960).

jIS-6— Pair-sorted, medium sandstone: sub-mature, magnetite
bearing subarkose.
The particles range in size from medium to fine sand and are angular to sub-angular;quartz+chert=8 0 : percent; 
potash feldspar (orthoclase, microcline and perthlte)= 
10 percent; mica+clay=less than 5 percent; magnetite= 
less than 5 percent; microquartz (as cement)=5 per
cent; calcite=trace. Magnetite is euhedral, is slight
ly rounded on the interfacial edges, and is
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concentrated along normal and cross-beds. Sample 
from unit 308 described by Moore (I960).

MS-7— Poorly-sorted, medium sandstone: immature magnetite
bearing, feldspathlc subgraywacke.
The particles range in size from very fine to coarse 
sand and are angular to sub-angular; quartz+chert=80 • 
percent with approximately 20 percent being composed . 
of highly strained quartz; clay+mica=10 percent; po
tash feldspanrless than 10 percent; magnetite=trace; 
siliceous cement=trace. The rock is marginal in the 
classification and could fall into any one of three 
classes. Sample from unit 269 described by Moore (I960).

MS-8— Poorly-sorted, medium sandstone: submature, caloite- 
bearing and calcite-cemented subarkose.
The particles range in size from coarse to very fine 
sand and are angular to sub-angular in all sizes. Mi- 
crogranular chert fragments+quartz=80 percent; clay+ 
mica=5 percent; sparry, medium sand-size calcite in
traclast s= 10 percent; sparry calcite cement=5 percent. 
The alteration of the feldspar is extensive although 
some is fresh. Cement embays all types of clasts. 
Sample from unit 191 described by Moore (i9 6 0). .

MS-9— Poorly-sorted, coarse sandstone: immature impure - arkose.
The particles range in size from very coarse to fine 
sand and are angular to sub-angular. Chert+quartz=
55 percent; potash feldspar (microcline, orthoclase 
and perthite)=30 percent; mica+clay=5 percent, and 
siliceous cement (microquartz and feathery chalce- 
dony)=10 percent. Cement embays all types of clasts 
except that the feldspar is normally fresh and unal
tered. Sample from unit 42 described by Moore (i960).

Apache Canyon Formation

MSL-1-Silty micrite.Micro crystalline calcite=60 percent; medium to fine
grained quartz=35 percent; sparry calcite=less than 5 percent; intergranular organic matter=trace. The 
quartz is sub-angular to sub-rounded. The small a- 
mount of sparry calcite is concentrated in vugs and 
velnlets due to recrystallization of the ooze. The 
rock is very thin-bedded. Sample from unit 37 des
cribed by Moore (i960).
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MSL-2-Silty micrite.

Microcrystalline calcite=70 percentj fine silt-size 
quartz=25 percent; clay=trace; interstitial organic 
matter=trace; trace of sparry calcite in veinlets due 
to recrystallization of the ooze. The rock is finely 
laminated. Sample from unit 35 described by Moore (I960).

MSL-3 through MSL-7 are identical to MSL-2 except for a
slight variation in proportions of calcite and quartz. 
The calcite ranges from 70 to 75 percent and the silt- 
size quartz from 20 to 25 percent. There is also a 
variation in the thickness of the laminae, ranging 
from 1/4 to 1/15 mm in thickness. Micro-stylolites 
were noted (Pig. 13) in MSL-5. The samples were taken 
from various units described by Moore (I960) as fol
lows : MSL-3, unit 32; MSL-4, unit 30; MSL-5, unit 29; 
MSL-6 , middle of unit 29; MSL-7, top of unit 29.'

MSL-8-Micrit e
Microcrystalline calcite=85 percent; very fine silt- 
size quartz= 10 percent; clay=trace; intergranular or
ganic matterntrace. Very finely laminated, but the la- 
minae are indistinct; 15 lamlnae/mm. Sample from unit 
28 described by Moore (I960).

MSL-9 through MSL- 11 are identical to MSL-8 except for the 
number of laminae9 which is less in all the samples 
than in 8 and ranging down to 6 laminae/mm in 11. 
Microstylolites and sparry calcite filling vugs' and 
veinlets were also seen in MSL-11. The samples were 
taken from various units described by Moore (I960) as 
follows: MSL-9, unit 24; MSL-10 , unit.-23; MSL-11, unit 

■ 22. • ;

MSL-12-Silty micrite.Microcrystalline calcite=70 percent; very fine silt- 
size quart z=1 5 percent; clay=10 percent; intergranular 
organic matter=5 percent. The rock is finely laminated 
having 3 lamlnae/mm. Sample from unit 21 described by 
Moore (1960).

Shelleburg Canyon Formation

HP—A—1—Poorly—sorted» silty, fine sandstone: submature or- 

75 percent; orthoclase feldspar=5 percent.



Micro-stylolltes in lamina of limestone from 
the Apache Canyon Formation:.X400.

FIGURE 13

FIGURE 14
laminated limestone from the middle of the 
Apache Canyon Formation: Light bands are 
limestone and dark bands are siltstone: X70,
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clay=trace; microquartz+feathery chalcedony as cement 
and matrix=20 percent. Sample from unit 9 (this report , p. 130).

HD-A-10-Poorly sorted siltstone
The particles range in size from coarse silt to very 
fine silt with the major portion being contained in 
the finest fraction. The clasts are angular to sub- 
angular in all sizes. .Quartz=70 percent; biotite+clay 
=trace: quartz as cement and matrix=20 percent. Sam
ple from unit 14 (this report, p. 131).

PW-1-Silicified wood.
Very fine, slightly wrinkled, concentric annulations 
(?) approximately 1/25 mm in thickness can be seen 
throughout the section. The original cellular struc
ture has been destroyed by replacement. ' The repla-s 
cing mineral is microgranular and prismatic chalce
dony. Secondary recrystallization has, in turn, 
lined and filled cavities with euhedral quarts prisms 
which grew normal to the walls of the cavities. The 
destruction of the cellular structure makes it impos
sible to Identify the fossil material. It is probably 
the same genus, Brachyoxylon, as that described by 
Tyrell (1957). The external form of the material has 
been well-preserved. Sample from unit 26 (this re
port, p. 131).

HD-6-Fair-sorted, coarse siltstone.The clastic particles range in size from coarse silt 
to medium silt and are angular to sub-angular. Quartz 
=70 percent; microquartz as matriz=20 percent; micro
crystalline calcite as eement=5-10 percent. The 
quartz clasts are concentrated in the coarse silt 
fraction. Sample from unit 28 (this report, p. 131).

HD-7- Poorly-sorted, medium sandstone: sub-mature feldspa- 
thic subgraywacke.
The particles range in size from coarse sand to very 
fine sand and are angular to sub-rounded with a few 
rounded particles present. The bulk of the particles 
are angular-and are equally present in all sizes.Quartz (unstrained)=30 percent; potash feldspar (or
tho clase and microcline)=20 percent; biotite=5 percent; 
rock fragments (half chert, half quartsite)=30 percent; 
siliceous cement=10 percent. The quartz, feldspar and 
rock fragments are all deeply embayed by the siliceous 
cement. Sample from unit 25 (this report, p. 131 ).

HD-8-Fair-sorted, slightly muddy sandstone: submature sub- arkbsev.
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The particles range in size from medium to fine sand 
with the medium size predominant. The clasts are an
gular. Quartz=50 percent; orthoclase feldspar=10 per
cent; blotite+clay=10 percent; matrix^cement (micro
quartz) =25 percent, A small part of the cement is 
hematite. A few magnetite grains can be seen along 
bedding surfaces. Sample from unit 22 (this report,
P. 130). , .

ED-9— Biointrasparite.
Pelecypod shell fragments=60 percent; detrital quartz

'• -5-clay=less than 5 percent; matrix*cement (very fine 
silt-size calcite clasts and microcrystalline cal
otte cement)=40 percent. Both the shell fragments, 
and the matrix have been thoroughly recrystallized.
The shell fragments are coarsely crystalline, but 
the matrix is fine-grained; some recrystallization 
around centers and in vugs in the matrix. The thin- 
section was cut normal to the bedding and only cross- 
sections of the shells are seen. These show a pre
ferred orientation with the convex side of the shell 
upward. Figure 15 is a photomicrograph of this sec
tion. Sample from unit 20 (this report, p. 130), •

Turney Ranch Formation

KT-1— Poorly-sorted, slightly sandy, coarse siltstone.
The particles range in size from very fine sand to 
fine silt and are angular to sub-angular. Quartz=
80 percent; clay *biotite*hematite=trace; microquartz 
as matrix and cement=20 percent. Sample.from unit 2 
(this report, p. 125).

KT-5— Poorly-sorted, sandy pebble conglomerate; mature 
chert- and shale-bearing pebble conglomerate.
The coarser particles range in size from medium to 
very fine pebbles and are sub-angular.r The pebble 
fraction comprises 60 percent of the total rock volume. 
These clasts are composed of clay-shale and micro- 
granular chert. The clasts in the matrix, which" com
prises 30 percent of the volume of the rocks, range in 
size from medium sand, to fine silt and:are detrital 
quartz. The cement is composed of microquartz and=
10 percent of the rock. Sample from unit 7 (this re
port, p. 125).

KT-5— Poorly-sorted, silty, fine sandstone; submature orthoquartzite .
The particles range in size from fine sand to fine



Pelecypod biostrome from the Shelleburg Can
yon Formation: X70.

FIGURE 15

FIGURE 16
Linear flow structure shown by arrangement 
of biotite: Specimen taken from andesite flew.2% 
flow in unit 1 of Hilton Ranch Conglomerate:
X70. ^
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silt and are angular to sub-angular. Quartz=80 per
cent; biotite+clay=5 percent; microquartz (as cement)= 
15 percent. The quartz clasts are intergrown along 
tight, irregular sutures and some overgrowth can be 
seen. The biotite plates show a preferred, uni-direc
tional orientation. Sample from unit 12 (this report, 
p. 125).

KT-9— Poorly-sorted coarse sandstone: mature orthoquartzite. 
The particles range in size from medium to very coarse 
sand and are angular to sub-angular. Quartz+micro- 
granular chert fragments=99 percent; clay+blotlte= 
trace. The chert and quartz clasts are intergrown 
into a tight, interlocking network leaving a small, 
number of very fine pores. Secondary overgrowths are 
common. Sample from unit 18 (this report, p. 126).

KI-13-Poorly-sorted sandy pebble conglomerate: mature, 
chert-bearing, calcite-cemented conglomerate.
The pebbles range in size from fine to coarse and are 
rounded to sub-rounded. Pebbles=60 percent and are 
microgranular chert; matrix=20 percent and is angular 
to sub-angular, fine to medium quartz sand; potash 
and sodium feldspar=trace; sparry calcite cement=20 
percent. Sample from unit 24 (this report, p. 126 ).

Hilton Ranch Conglomerate

K~A-1 — Porphyritic andesite.Plagioclase feldspar (an50)=15 percent; biotit6=10 
■oercent; hornblende=10 percent; aphanitic matrlx=65 
percent; epidote fills small cavities and cracks. A 
pronounced linear flow orientation is visible in the 
alignment of the biotite flakes. Many of the textu
ral relationships have been obscured by alteration. 
The basal unit of the Hilton Ranch Conglomerate rests 
on this andesite flow. Figure 16 illustrates some of 

• the relationships to be seen in the rock.
HR-l— Poorly-sorted, fine pebble and cobble limestone brec

cia.
The particles range in size from coarse sand to fine 
cobbles and are angular to sub-angular. Fragments of 
laminated limestone from the Apache Canyon or Shelle- 
burg Canyon Formations=60 percent; fragments of lami-' 
nated siltstone from the Shelleburg Canyon Formations 
15 percent; sparry calcite (as cement)=15 percent; 
microquartz (as cement)s=5 percent; chert fragmerits=5 
percent. The laminated limestone and siltstone



fragments show no preferred orientation. Sample from unit 5 (this report, p. 121).
HR-2— Poorly-sorted, slightly conglomeratic medium sand

stone: submature arkose.
The particles range in size from ooarse to very fine 
sand and are angular to sub-rounded. .Quartz=40 per
cent; orthoclase+mlcrocline=10 percent; mioroquartz 
(as chert pebbles)=10 percent; plagioclase feldspar 
(an40)=15 percent; microquartz (as matrix and cement)= 
20 percent; clay+biotlte=traoe. The quartz clasts 
are tightly intergrown and show deep embayments and 
sutured contacts. Sample from unit 6 (this report,
p. 121).

HRE-2-Agglomeratic andesite porphyry.
Plagioclase feldspar (Na:Ca ratio Indeterminate due 
extensive alteration)-40 percent; blotlte=15 percent; 
hornblende=10 percent; hematlte=5 percent; aphanitlc 
matrlx=25 percent; epidote=5 percent. Alteration of 
this specimen is so extensive that some of the deter
minations are very indefinite. Some potash feldspar 
may be included in the figure given for plagioclase, 
and the hornblende determination id questionable, 
although it is relatively certain that it belongs 
somewhere in the amphibole group. In addition to the 
alteration the amphiboles are sharply bent and broken. 
This determination is on the matrix of the agglomerate. 
The large clasts range up to large cobble size and are 
rounded to angular. These cobbles and pebbles make up 
approximately 35 percent of the total rock volume.
They are composed principally of andesite, rhyolite 
and quartzite with some minor amounts of limestone 
and siltstone. Sample from unit 8 (this report,
p. 121).

HR-4-Slightly sandy clay-shale.
A determination of the complete range of sizes is dif
ficult, however the appearance of the ground mass 
which makes up 95 percent of the rock suggests that 
the particles are possibly in the finer clay sizes.
The remaining 5 percent of the rook is composed of 
angular, very fine sand-size quartz clasts. The rook 
is non-fisslle. Sample from unit 10 (this report, 
p. 122).

BOfl••Poorly sorted, sandy, cobble and boulder conglomerate: 
immature, calcite-bearing, subarkosio conglomerate.
The particles in the matrix range in size from very 
fine to very coarse sand and are angular to well-
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rounded. Quartz=40 percent; potash feldspar (ortho- 
clase+mlcrocline)=10 percent; plagloclase feldspar 
(an10)=5 percent; clay+blotlte+muscovlte=10 percent; sparry calclte allochems=20 percent; sparry calcite 
cement=15 percent. The matrix constitutes approxi
mately 40 percent of the total rock volume. The 
coarse conglomeratic clasts are rounded to sub-angu
lar with the softer fragments, slltstone, limestone 
and shale, showing a higher degree of rounding than 
the more resistant quartzite, rhyolite and andesite 
fragments. These particles apparently were derived 
from post-Paleozolc rocks as there are no Paleozoic 
rock fragments visible In the outcrop. These frag
ments are also similar to the Cretaceous.rocks stu
died in the area. The sample was taken at the mouth 
of Box Canyon on the east flank of the Santa Rita 
Mountains.

HR0-20-Welded quartz latlte tuff.
Euhedral quartz=15 percent; euhedral sanldlne=20 per
cent; euhedral plagloclase feldspar (an40)=10 percent; 
brown biotlte=10 percent; glassy matrix=40; percent; 
rock fragments=5 percent. The sanldine, quartz, and 
plagloclase are deeply embayed and alteration rims 
surround many of the embaymehts. These rims are cal
otte and clay. Blotite plates and.glass shards are 
bent or broken where they are in contact with larger 
fragments of rock or edges of mineral grains. These lath-shaped particles show a dominant east-west align
ment. Sample from unit 19 (this report, p. 122).

The following descriptions are of samples collected 
in the vicinity of the exotic limestone blocks mentioned on 
page 55 of this report. '

Y_3_4_10-&lthic crystal rhyolite tuff.
Quartz=35 percent; sanldine=20 percent; orthoclase=
20 percent; plagloclase (an10)=5 percent; muscovlte= 
trace and calcite=5 percent. Rounded rock fragments= 
15 percent. The quartz is principally found In the 
matrix. The sanldine is deeply embayed (Pig. 17).
The orthoclase and plagloclase are partially altered 
to calcite (Figs. 1o and 19). The rock is approxi
mately 60 percent matrix (primarily fragmental) and 
40 percent phenoorysts. Sample from unit 10 of the 
traverse as described on page 132 of this report.



FIGURE 17
Strongly embayed, euhedral phenocrysts of 
sanldlne In rhyolitic Intrusive on southeast 
flank of the Empire Mountains: X70.

FIGURE 18
Altered plagioclase feldspar In rhyolitic 
Intrusive on southeast flank of the Empire 
Mountains: White area is calcite and dark 
area Is remnant plagioclase: Crossed nlcbls; 
X250.





Lithographic intergrowth of calcite in pla- 
gioclase feldspar: White streaks in center 
are calcite: Also some alteration and embay- 
meat of euhedral sanidine: Same locality as 
figure 18: Crossed nicols: X250.

FIGURE 19

FIGURE 20
Well-rounded quarts clasts from an altered 
sandstone from the Willow Canyon Formation: 
Southeast flank of the Empire Mountains: 
Crossed nicols: X?0
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7-3-4-11-Well-sorted medium sandstone: mature orthoquart
zite.
Quartz=85 percent; musoovite=trace; glassy matrix=5 
percent; calcite (as cement)=10 percent. The quartz 
clasts are well-rounded, deeply embayed, and inter- 
grown, in many places, along sutured contacts (Fig.20). 
The ,calcite appears to have eaten into many of the 
quartz clasts, and this alteration is partly respon
sible for some of the rounding of the particles.
Some of the quartz also show undulatory extinction. 
Sample is from unit 11 of the traverse as described 
on page 132 of this report.

7«3-4-12-Lithic crystal rhyolite tuff.
Quartz=20 percent; sanidine=30 percent; muscovite= 
trace; euhedral pyrite=trace; altered rock fragments=
15 percent; calcit'e=10 percent; glassy matrix=25 per
cent. All of the phenocrysts and rock fragments are 
strongly altered and deeply embayed by calcite. Over 
half of the sanidine is recognizable only by the crys
tal outline as the original crystals have been comple
tely altered and replaced by the matrix. The glassy 
matrix appears to be, in part, fragmental.. Specimen 
numbers 7-3-4-13, 7-3-4-14, and 7-3-4-15 are identical 
in every respect to*-this specimen except a small amount 
of plagioclase feldspar (an15) is present in 7-3-4-15• 
These four samples are from units 12, 13, 14 and 15 of 
the traverse as described on page 133 of this report.

PFB-2-Fair-sorted, medium sandstone: submature arkose.
Quartz=50 percent; orthoclase feldspar=30 percent; 
rock fragments=5 percent; dense, glassy, siliceous 
matrlx=15 percent. The particles range in size from 
medium to coarse sand and are sub-rounded to angular.
Recrystallization of the quartz clasts where they are 
in contact with the matrix is responsible for the eu
hedral outline of the particles. The orthoclase feld
spar is, as is true in all of the samples taken on the 
traverse, embayed and surrounded by alteration rims of 
calcite. The rock fragments are slightly altered in 
the same general manner. Sample from unit 21 of the 
traverse described on page 133 of this report,

PFB-3-Slightly silty mudstone.
Coarse silt-size quartz=10 percent; clay=90 percent; 
glassy, siliceous, rhyolitic material as fracture fil- 
llng=trace. The margins of the fractures show a slight 
degree of alteration due to penetration of the ground- 
mass by the siliceous fracture-filling, but no other 
alteration of the rock is visible. Sample from unit 
22 as described in traverse on page 133 of this report.
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The preceding five descriptions were representative 
of the rock types along the traverse except for the occur
rences of Rainvalley Formation. The limestone beds of this 
formation were not described as it was totally unaffected 
by the rhyolitic intrusion, even though it is separated 
from it by only a bed of arkose and one of shale.

Summary of Observations

A number of significant points are obvious in the 
petrographic descriptions of the clastic rocks. These re
late to angularity of the clasts, sorting, degree of matu
rity and the constituents of the rocks. These factors will 
be treated separately in the following paragraphs. The 
rocks in and near the intrusive rhyolite and the exotic 1 
Rainvalley Formation blocks will also be treated separately, 
since the implications are somewhat different than those 
seen in the other sedimentary rocks.

The sedimentary particles in all of the rocks stu
died are almost exclusively angular and sub-angular. This 
is particularly true of the clasts in the coarse sand-size 
and smaller fractions. The clasts larger than coarse sand 
tend to be sub-rounded, while the cobble and boulder sizes 
are normally rounded, particularly if composed of limestone 
or siltstone. Chert, orthoquartzite, and volcanic cobbles 
and boulders display a lesser degree of rounding and are 
usually sub-angular and sub-rounded.
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Sorting is commonly poor. One well-sorted ortho

quartzite and three fair-sorted sandstones and one elltstone 
were studied. All rook types show poor sorting.

Lack of maturity, both mineralogic and textural, 
is apparent in the majority of the clastic rocks. Immature 
arkose, subarkose and conglomerate are abundant as are mud
stone and elltstone. Some mature and submature sandstone 
and orthoquartzite were noted but were in the minority.

The basal conglomerate unit of the Willow Canyon 
Formation contains pebbles and cobbles of limestone similar 
in aspect to the underlying Upper Paleozoic limestone. A- 
bove the basal conglomerate the finer clastic rooks give no 
absolute indication of the source as does the basal conglo
merate, but textural features, suoh as different degrees of 
rounding of particles of the same size and composition, and 
the composition of some rock fragments, aid in making in
terpretations regarding source.

The conglomerate beds in the Hilton Ranch Conglome
rate contain abundant pebbles, cobbles and boulders of sedi
mentary rocks which are identical in outward appearance to 
the rocks found in bhe Lower Cretaceous section underlying 
the formation. The same can be said concerning the lenses 
of limestone and siltstone breccia within the Hilton Ranch 
Conglomerate.

The heavy mineral suite from samples collected from 
the Hilton Ranch Conglomerate is impoverished. A trace of
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magnetite is present and a few grains of epidote and horn
blende were found.

Extrusive andesite flows which appear intermitten
tly throughout the Hilton Ranch Conglomerate display linear 
arrangement of elongate and platy minerals.

Environmental Indications

Several interpretations in regard to environments 
of deposition can be made on the basis of the poor sorting 
in the clastic rocks, predominance of angular and sub-an
gular clasts and the general immaturity of these same rocks.

The poor sorting can be attributed to variations in 
the velocity of the transporting media and a short period 
of exposure to agencies which could separate the various 
sizes of particles from each other. This same lack of ex
posure to winnowing agencies can account for the general 
lack of maturity of the same sediment.

The above factors indicate to the author that the 
clastic sediments of the Cretaceous sequence accumulated 
in a non-marine environment, probably on a coastal plain 
traversed by numerous streams. The sediments accumulated 
on flood-plains of the streams and occasionally, during 
times of flood in the low, inter-stream areas. Rapid 
burial in order to isolate the sediments from winnowing 
agencies is not necessary under these conditions. Other 
possibilities could exist, but the associated sedimentary
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structures mentioned in previous chapters further substan
tiate this interpretation.

The angularity of the clastic particles is indica
tive of a short time of abrasion and therefore a short dis
tance of transport from a nearby source area. Since the 
pebbles and cobbles in the conglomerate at the base of the 
Cretaceous section, not only in Cienega Wash but also in 
the Huachuca and Mule Mountains, are derived from Upper 
Paleozoic rocks which are immediately subjacent, it is lo
gical to assume that the constituents of the rocks overlying 
the basal conglomerate were derived from the same source 
areas. These source areas were probably ranges of hills in 
the immediate vicinity of the depositional areas, Since the 
Paleozoic rocks in the region are variable in composition, 
the sediments derived from them would also be variable.
This is obviously the case with the rocks in the Lower Cre
taceous section. The source of the components of the rooks 
in the Apache Canyon Formation and the lower part of the 
Shellsburg Canyon Formation was the same as that for the 
rocks in the other Lower Cretaceous formations. Radical 
differences in the rock type in these formations can be 
accounted for by the difference in environment of deposition 
which is probably lagoonal. This interpretation will be 
amplified in a following chapter on environments of deposi
tion.

A radical change in source and environment of
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deposition can be seen in the Hilton Ranch Conglomerate.
Only pebbles, cobbles and boulders derived from Lower Cre
taceous rocks have been observed in the outcrops of the con
glomerate beds. The uplifting of the Santa Rita welt and 
its Lower Cretaceous cover appears to be the source of the 
coarser material and, as it is logical to assume, the finer 
clasts in the matrix also. The breccia lenses composed of 
laminated limestone and siltstone are positive evidence of 
these rocks being derived from the Lower Cretaceous Apache 
Canyon and Shelleburg Canyon Formations. The pebble and 
cobble-size clasts are petrographically identical to the 
rocks in these formations and were derived from them. The
andesite flows in the formation are indicative of intermit-

. . .

tent volcanic activity which, in turn, may be indicative of 
intermittent uplift. The appearance of finer clastic rocks, 
arkose, sandstone and shale, is further evidence for this 
pulsating uplift since the finer rocks are interbedded with 
conglomerate and andesite.

The impoverished heavy mineral suite from the con
glomerate beds in the Hilton Ranch Conglomerate is an enig
ma, The only possible rexplanation appears to be a lack of 
heavy minerals in the source. The Lower Cretaceous sedimen
tary formations which were the source beds for the Hilton 
Ranch Conglomerate beds are relatively barren of heavy mi
nerals. Since these were the principal, if not the only, 
source rocks, an impoverished suite would be expectable.
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In summary then, the Lover Cretaceous rocks were 
deposited, after short transport, in a non-marine environ
ment, probably on a broad coastal plain. The source of the 
clastic materials was in a positive area or areas adjacent 
to the basins of deposition, and these highs were covered 
with a thick blanket of Paleozoic sedimentary rocks. The 
principal exception to this environment was that in which 
the Apache Canyon and Shelleburg Canyon Formations were de
posited, where a lagoonal environment is indicated. The 
Hilton Ranch Conglomerate constitutes a radical departure 
in source and environment which can be accounted for by 
tectonic activity in the area of the proposed Santa Rita 
volcanic welt (see Chapter VII).

Emplacement Of Exotic Blocks

A short summary of the structural environment of 
the exotic blocks as discussed in Chapter VII is in order 
at this point. The exotic blocks of Rainvalley Formation 
on the southeast flank of the Empire Mountains are on 
strike with the Lower Cretaceous rocks surrounding them as 
well as being parallel to Rainvalley Formation, in place, 
less than a mile to the north. A rhyolite intrusive bounds 
the three eastern blocks on their southern margins, and 
normal faults form the north, east and west boundaries.
The rhyolite has intruded the Lower Cretaceous clastic rocks 
of the lower part of the Willow Canyon Formation. Several



large blocks of these clastic rocks appear to be suspended 
in the rhyolite and are on strike with the sediments beyond 
the boundary of the intrusive. The dips are also normal. 
Other smaller blocks farther into the main mass of the in
trusive are on strike, but the dips are oversteepened, ex
ceeding normal dips, in places by 40 degrees.

A number of interesting phenomena are visible in 
thin-sections of the sediments enclosed by the rhyolite. 
These are described on pages 48-50 of this report and can 

/ be seen in the photomicrographs in figures 17-20. These
are included in the following list along with other features 
observed in the outcrops. These are:

1. A sandstone block with normal strike and dip is 
suspended in the center of the intrusive. This is a well-

x- rounded, well-sorted, mature orthoquartzite (Pig. 20). No
. % . .

orthoquartzites of any type are known'from the Willow Can
yon Formation from which this block was apparently derived. 
In fact, the lower part of the formation is primarily arko- 
sic, and this block appears to be a part of this portion of 
the stratigraphic succession.

2. Calcite alteration of the quartz and feldspar 
within the rhyolite and coarse clastic rocks is extensive 
and widespread.

5. The coarser clastic rocks are intensively alte
red while the finer rocks are affected little or not at all.

4. The dense, finely crystalline Rainvalley
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limestone blocks are unaffected by the intrusive action ex
cept for recrystallisation to sparry calcite along frac
tures and near the margins of the blocks. Some crystals 
are quite large.

5. Small xenoliths of sandstone, siltstone and mud
stone are common in the rhyolite intrusive near the borders 
of the mass, but the interior portion contains very few or 
no xenoliths.

6. Near the margins of the intrusive the contained 
blocks of Cretaceous sediments have shallow dips which are 
essentially equal to the dips of the sediments outside of 
the intrusive. However, the Cretaceous blocks near the 
center of the intrusive have dips approaching 90 degrees.

7. Much of the rhyolite is similar in texture and 
alteration to the tuff beds in the Hilton Ranch Conglome
rate but is dissimilar in composition.

On the basis of the field observations and petro
graphic studies, the writer is of the opinion that these 
large blocks of Paleozoic limestone and the associated Cre
taceous clastic rocks have been moved vertically from their 
original location by forces generated by the rhyolitic in
trusive action and associated fluidization processes. It 
is obvious from the structural relationships that the situa
tion is not a normal one, either structurally or stratigra- 
phically. Faulting obviously played an important part in 
the emplacement of these blocks, but some other, and much
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less obvious mechanism must have been In operation In order 
that all of the observed phenomena be accounted for. The 
Interpretations will be treated In the same manner and In 
the same order as the observations mentioned on the last 
two pages, except that an occasional reference must be made 
to comments In Chapter VII. These will be appropriately 
Identified for purposes of clarification.

1. The anomaly of the well-rounded, well-sorted, 
mature orthoquartzite is explainable by calling upon the 
process of fluidization in its phase of the expanded bed 
as described by Reynolds (1954). In this discussion Rey
nolds mentions the rounding of larger particles by abrasion. 
Although the clasts in the rock are not large (less than
1 mm in diameter), they are well-rounded, embayed, strained, 
and randomly packed. In addition, very few unstable mine- 
rals are present. The cement and matrix are glassy and ap
pear to be similar in composition to the rhyolite. The re
moval of the unstable minerals from an arkose, the rounding 
of the particles which would be expectably angular, the ran
doms packing and other features would, and could have resul
ted from the expanded bed phase of the fluidization process.

2. The extensive calcite alteration in the coarser 
grained rocks and within the rhyolite itself can be accoun
ted for by the permeability of the coarser rocks and the 
ability of the fluid rhyolitic material to penetrate the 
rocks and alter the more unstable constituents as well as
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the more stable quartz. These same minerals within the 
rhyolite itself would obviously be altered.

3. The relatively impermeable siltstone and mudstone 
could not be penetrated by the rhyolite except along frac
tures, while the permeability in the coarser elastics would 
permit the fluidized rhyolite to penetrate more readily. In 
some instances, for example the well-rounded sandstone, the 
rock was penetrated, completely disaggregated, had its un
stable constituents completely altered and removed, and had 
the quartz clasts rounded by abrasion and alteration.

4. The dense limestone was not penetrated by the 
rhyolite but was probably the source of the OaOO^ which is 
present as embayments and reaction rims on many of the mine
rals. The limestone would have, in addition, been the 
source of quantities of COg which would have furthered the 
fluidization process. These components would have come from 
the margins of the blocks and not from within.

5. The border zones of the. intrusive contain abun
dant xenoliths of clastic rocks which were torn from the en
closing rocks as the mass rose. These particles were abra
ded and partially rounded by the processes of fluidization, 
as well as by friction and movements in the border zones. 
The inner zone, which was not in contact with the wall 
rocks, contains few or no xenoliths.

6. The blocks of Cretaceous clastic rocks in the 
center of the intrusive display abnormally steep dips as
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they have been moved by the rising rhyolite farther from 
their point of origin than the border blocks. It is pos
sible that the border blocks, with normal dips, moved very 
little due to the more passive nature of the movement of 
the rising melt near the margins of the intrusives.

7. The tuffaceous rhyolite is similar in texture 
and alteration to the tuff beds in the Upper Cretaceous (?) 
Hilton Ranch Conglomerate, but the mineralogic composition 
is dissimilar. The Hilton Ranch Conglomerate tuffs range 
from andesite to quartz latite and obviously must have had 
a different source. Since the faulting in the area is 
post-lower Miocene and pre-Pliocene and the faults control 
the location of the intrusion, the rhyolite source was dif
ferent in time as well as space from that of the andesitic 
and latitic tuffs in the Hilton Ranch Conglomerate.

Ground water in the coarse clastic rocks of the 
Willow Canyon Formation probably played a significant role 
in the fluidizing process by contributing volatile materials 
to the rhyolitic melt as it rose through these rocks.

In addition to the location of the intrusive and 
associated blocks being controlled by the local complex' of 
normal faults, the volume of igneous material played a sig
nificant role. The small volume of material involved was 
not adequate to penetrate the overlying rocks for any signi
ficant distance, vertically. This is indicated by the en
closed blocks of Rainvalley Formation and Willow Canyon
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Formation being stratigrapkically displaced by only a small 
amount.

Fluidisation then, played an active role in the em
placement of the rhyolitic intrusive and the associated exo
tic blocks of Paleozoic and Lower Cretaceous rocks. The 
time of emplacement was mid-Tertiary, probably mid-Miocene. 
Faulting and a small volume of intrusive material localized 
the mass low in the Lower Cretaceous section.



CHAPTER VI
CRETACEOUS EHVIROHMENTS OF DEPOSITION AND PALEOGEOGRAPHY 

Comparisons and Correlations

Most workers agree that the Glance Conglomerate in 
the type section is Early Cretaceous in age. This interpre
tation is based primarily on structural and stratigraphic 
evidence as fossils are unknown in these rocks.The rapid 
thinning and thickening of. this unit indicates that the se
dimentary material accumulated on a very irregular deposi- 
tional surface and possibly originated as alluvial fans.

The Morita Formation in the type section is probably 
predominantely non-marine. Ransome (1904, p. 65) suggests 
that these rocks are all marine, but no fossils have been 
reported from the lower part of the formation. However, 
marine fossils have been found in limestone beds near the 
top of the unit. This formation probably represents a 
transitional phase from the non-marine to marine environ
ments, and the sediments were deposited near the margins of 
the transgressing Bisbee Sea. Most, if not all, of this 
formation is probably lower Aptian in age. The upper fos- 
siliferous portion has been included by Stoyanow (1949, 
p. 8-12) in his lowell Formation.

The Lowell Formation as defined by Stoyanow (1949, 
p. 8-12) in the Ninety One Hills is fossiliferous and marine
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The Mural limestone as restricted by Stoyanow (1949, 

p, 20) Is exclusively marine. The sediments probably ac
cumulated In deeper water during Albian time when the Blsbee 
Sea. reached Its maximum encroachment.

The Ointura Formation is much like the Morlta Forma
tion in lithology and thickness and is also unfosslliferous. 
The sediments were deposited near the sea margins as was the 
Morlta Formation, except the sea was regressing rather than 
advancing. The age is probably Upper Albian.

This Lower Cretaceous sequence is approximately 
5000 feet thick, mostly being deposited very near the shore 
line of the advancing and regressing Blsbee Sea. The deep- 
er-water Mural Limestone represents the maximum trangression, 
with the Glance Conglomerate and lower Morlta Formation being 
deposited on-shore and slightly off-shore during the Aptian 
advance, and the upper part of the Ointura Formation being 
deposited in the same environment but during the Albian re
treat. The Lowell Formation and the lowermost part of the 
Ointura Formation are near-shore marine units. These repre
sent the gradation into and out of the deep-water Mural 
Limestone environment.

The faunas of the type Blsbee Group are definitive, 
making the placement of these rocks in time precise. These 
rocks are equivalent to the Nuevo Leon, Trinity and Frede
ricksburg Stages of Texas (Stoyanow, 1949).

The similarity between Moran's Unit 1 in the
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Huachuca Mountains and the Glance Conglomerate in the type 
section demonstrates equivalency.

The similarity between Moran's Unit 2 and the Morita 
Formation is apparent. In fact, the general description of 
Unit 2 can hardly be differentiated from that of the Morita 
Formation as originally defined by Ransome (1904, p. 64-65). 
The only apparent difference between Moran's Unit 2 and the 
Morita Formation is thickness; 1800 feet for the Morita For
mation and 4180 feet for Unit 2.

The fosslliferous zones in the lower 410 feet of 
Moran's Unit 3 correlate, in a general manner, with the 
Apache Canyon Formation in the Whetstone Mountains. In ad
dition, the upper 100 feet of Unit 2, a fosslliferous zone, 
is probably equivalent to the lower portions of.the Apache 
Canyon Formation. The lithologies are similar in that they 
are both predomlnantely limestone with some interbedded 
clastic rocks.

The stratigraphic position of the balance of Unit 3 
and all of Unit 4 is uncertain. The upper part of Unit 3 
and the lower half of Unit 4 are similar to the Shelleburg 
Canyon Formation in the Whetstone Mountains. The rocks are 
predominantly clastic and are marine at the base and non- 
marine at the top. The upper half of Unit 4 contains light 
colored, cross-bedded sandstone beds which, in some instan
ces, grade upward into shale and. slltstone and display some 
scour and fill structures. Lithologically and structurally
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the rocks in the upper half of Unit 4|are almost identical 
to the rocks in the Turney Ranch Formation. The rocks in 
the lower half of Unit 4 and the upper 250 feet of Unit 3 
are probably equivalent to the Shelleburg Canyon Formation.

On the basis of lithologic similarity, thickness 
and faunal evidence, the lower 6950 feet, Units 1, 2, 3, 
and 4, of the Cretaceous section in the Huachuca Mountains
has been correlated with the type section of the Bisbee

, / • • . . . . .

Group and the Cretaceous section in the Whetstone Mountains.
The conglomerate and finer clastic portions of this 

section, Units 5 and 6, can probably be correlated with 
.part of the non-marine. Upper Cretaceous sequence in Adobe 
Canyon and the Hilton Ranch Conglomerate. The correlation 
will be discussed later in greater detail.

The Willow Canyon Formation in the Whetstone Moun
tains has been divided by Tyrrell (1957, p. 95) into two 
members. The thin, basal, limestone conglomerate is desig
nated as the Glance Conglomerate Member; the finer clastic 
rocks above are called the Upper Member. Tyrrell considers 
the lower conglomerate and arkose to be non-marine with a 
gradation upward into lagoonal and estuarine siltstone and 
shale. Fresh-water branchiopods are reported by Tyrrell 
from the upper portions of the formation.

Tyrrell (1957, P. 102) has divided the Apache Can
yon Formation into an upper and lower member. He considers 
the formation to be lagoonal at the base, marine in the
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The Shelleburg Canyon Formation in the Whetstone 
Mountains is partly marine and partly non-marine with the 
transition between the rocks deposited in the two environ
ments being rapid. This is not just one, simple transition, 
but, as sea level was fluctuating rapidly and in numerousy
pulses, a complex sequence of transitions between marine
and non-marine rocks occurs.p

The Turney Ranch Formation probably originated as 
a flood-plain deposit, with the sandstone and arkose being 
deposited in the channels, and the siltstone and shale co
vering the inter-channel mud-flats. The cross-bedding, gra
dation from sandstone upward into siltstone and shale, 
scour and fill, and the presence of sillcified wood is suf
ficient evidence for this interpretation.

According to Tyrrell (1957, p. 94) the Whetstone 
Mountains section is all Early Cretaceous in age with the 
possible exception of a portion of the upper part of the 
Turney Ranch Formation. This is only a supposition on the 
part of Tyrrell as he states that he has no direct evidence 
to support this. It is the writer*s conclusion, based on 
evidence found in Adobe Canyon and on the south flank of 
the Empire Mountains, that the entire exposed section is 
Early Cretaceous, Aptian and Albian, and at the boundary 
between the Lower and Upper Cretaceous lies to the south 
and southwest beneath the blanket of Pliocene baslnflll.

middle and lagoonal at the top.



If this conclusion is correct, the lower Cretaceous sedimen
tary rocks on the south flank of the Whetstone Mountains are 
in excess of 8558 feet thick. This makes the lower Creta
ceous section more than 1500 feet thicker than the lower 
Cretaceous portion of the Huachuca Mountains section. The 
increase in thickness may indicate a systematic thickening 
to the west and north at the rate of approximately 200 feet 
per mile, and this may be an indication of the source area 
for the bulk of the sediments deposited in and near the 
lower Cretaceous Bisbee Sea.

The sea apparently did not extend north beyond this 
general area. This is evidenced by 1) the abundance of 
lagoonal sediments, 2) relatively thin marine limestones 
which contain a littoral fauna, and which alternate with 
non-marine clastic rocks, 5) rapid and numerous transitions 
between marine and non-marine rocks, and 4) the predominance 
of non-marine rocks.

The similarity of the rocks in the Sonoita Group in 
Adobe Canyon to those in the Hilton Banch Conglomerate is 
evident, even though no fossils have been found in the • 
fine-grained portions of the Hilton Ranch Conglomerate.
The contact relationships at the top and the bottom of these 
two sequences are very similar. The Port Crittenden Forma
tion is overlain unconformably by Tertiary sediments which 
closely resemble the Pliocene basinfill to the north. The 
Hilton Ranch Conglomerate is overlain unconformably by the
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Pliocene basinfill. Also, the Port ‘Crittenden Formation is 
unconformable on clastic rocks irhich are similar to the 
rocks of the Turney Ranch Formation. On the south flank of 
the Empire Mountains the Turney Ranch Formation is overlain 
unconformably by the Hilton Ranch Conglomerate. The same 
type of relationship exists between Unit 4 and Unit 5 at the 
top of the section in the Huachuca Mountains. Unit 4 is, in 
its uppermost portions, correlative with the upper parts of 
the Turney Ranch Formation and is overlain unconformably by 
a thick sequence of massive, reddish conglomerate which con
tains some inter-bedded sandstone and quartzite.

Several fault blocks of conglomerate, similar to the 
conglomerate units in the Hilton Ranch Conglomerate are ex
posed on the east flank of the Santa Rita Mountains. These 
blocks of conglomerate are on a line which extends from the 
southernmost exposure of the Hilton Ranch Conglomerate to 
Adobe Canyon.

All of the above factors strongly imply chronologic 
and environmental identity, and it is probable that the 
Hilton Ranch Conglomerate is the same age, late Cretaceous, 
as the Fort Crittenden Formation.

The Willow Canyon Formation on the west side of 
Cienega Wash is composed of non-marine clastic rocks except 
for a few thin limestone beds near the top of the formation. 
These limestone beds are probably lagoonal and correlate 
with those near the top of the Willow Canyon Formation in



the Whetstone Mountains. These limestone beds represent the 
first incursion of the Lower Cretaceous sea into the axea; 
all of the clastic rocks below are non-marine.

The thickness of the Willow Canyon Formation in the 
Empire Mountains is much greater than in the other sections. 
In a distance of slightly more than slz miles the sediments 
thicken approximately 5800 feet, from 453 feet in the Whet
stone Mountains to 6200 feet in the Empire Mountains. This 
represents a thickening of nearly 1000 feet per mile. No 
faulting of the section has been observed in the Whetstone 
Mountains to account for the thinness there, nor is there 
any evidence of erosion of a great thickness of material.
In the Empire Mountains there is no evidence of thickening . 
due to faulting or folding. The only explanation for the 
great change in thickness over such a short distance is that 
the sediments were accumulating much more rapidly in the 
Empire Mountains area than in the Whetstone Mountains area. 
Two possible explanations, either singly or in combination, 
may account for the magnitude of thickening. These are;
1) extensive erosion in pre-Glance time could have caused 
the development of a large amount of relief on the deposi
tions! surface with the resulting thick accumulation of se
diments in the low-lying areas and with thinning over the 
high areas or 2) block-faulting along a north-south trend, 
the present basin-range trend, and the resulting accumula
tion of thick lenses of sediments in the down-faulted
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valleys. This region was apparently one in which local ba
sins and accompanying high areas dominated the topography.

The entire Cretaceous section thickens toward the 
north and northwest from the Blsbee area. In addition, the 
percentage of non-marine rocks in the section increases in 
the sane direction. These two lines'of evidence indicate 
that the source area for these sediments lay north and .. 
northwest of Bisbeo. The Willow Canyon sediments in the 
Empire Mountains were deposited close to the source area.
The principal source for these lower Cretaceous sediments 
was an uplift which lay in the general vicinity of the pre
sent Santa Eita Mountains. Also a welt of some type proba
bly occupied the area of the present Whetstone Mountains,

The sediments coming from the Santa Hita welt rapid
ly filled the "Empire” basin while a very local source in 
the Whetstone Mountains area furnished a minimal amount of 
debris which formed thin local patches of sediments in the 
immediate vicinity. The Willow Canyon equivalent in. the 
Euachuca Mountains is-41 SO feet thick; nearly as thick as 
the vlillcw Canyon Formation in the Empire Mountains, while 
the type Willow Canyon Formation is approximately 10 per
cent as thick.

The wearing down of the local highs and the filling 
of the low areas effectively minimised the relief and cre
ated low-lying areas near and at the shoreline in which the 
limestone and siltstone of the Apache Canyon Formation
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were deposited. ,

The undisturbed nature of the laminae of the lime
stone as well as the lateral consistency in thickness, tex
ture and composition demonstrate the lack of current action 
in the bodies of water in which the sediments accumulated,. 
The isolated, angular sand and silt grains suspended in the 
limy matrix are also indicative of the low energy of the en
vironment .

The level of organic activity was high as evidenced 
by the high percent of organic material in the rocks. How
ever, the only faunal remains found in these rocks are those 
of branchiopods. No evidence of any burrowing organisms is 
even present. Apparently the organic activity was limited 
primarily to aqueous plants and probably bacteria.

The high level of organic activity and lack of cur
rent action would, due to lack of oxidation and rapid decay, 
create a fetid, reducing environment in these bodies of wa
ter. The unoxidised organic remains constitute the organic 
material remaining in-the rocks.

The closely interbedded nature of the limy and silty 
beds in the Apache Canyon Formation as well as their sharp
ly contrasting texture and composition may indicate an en
vironment near or at the shoreline. The variation in litho
logy could be due to slight, rapid changes in sea level 
whereby the low-lying areas near the shore would be rapidly 
Inundated or vacated. This type of a situation is similar



to that in the Keefer Sandstone as described by Folk (I960, 
p. 50).

All of the available evidence points toward a la* 
goonal environment of deposition for most of the rocks in 
the Apache Canyon Formation. Exceptions (Marine megafossils 
are reported from limestone beds near the middle of the for* 
motion in the Whetstone Mountains by Tyrrell.) exist, but 
are uncommon.

Physically, the Apache Canyon Formation on the west 
side of Olenega Wash is nearly identical to the type section 
in the Whetstone Mountains with the exception that the lime* 
stone on the west is not restricted to the lower half of the 
formation as it is in the type section, nor are the clastic 
rocks restricted to the upper half. The laminated limestone 
in both sections is highly organic and displays abundant 
structures formed before complete consolidation of the lime 
muds.

The top of the Apache Canyon Formation marks a sharp 
transition from shale to sandstone. This transition repre
sents the maximum regression of the rapidly fluctuating sea. 
Regression occurred at other times during Apache Canyon time, 
but a well-defined regression of greater magnitude than any 
that had occurred since the first transgression in Late 
Willow Canyon time is Indicated at this point. Still other 
regressions of lesser magnitude are indicated by the short 
drying-up stages during which the thin layers of gypsum
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near the middle of the formation were deposited.
The total extent of the lagoonal environment of de

position during Apache * Canyon time is unknown. The rocks 
in the sections in the Empire and Whetstone Mountains are 
lagoonal. Rocks which are identical in appearance crop out 
in the Santa Rita and Tucson Mountains, but a correlation 
of the rocks in these two areas with the rocks in Oienega 
Wash is uncertain.

Those portions of the Shelleburg Canyon Formation 
which are present on the west side of Oienega Wash are mere
ly suggestive of the possible presence of a marine environ
ment in this area at this time. Ho rocks of a definite ma- 
rine origin are known, although Moore and Miller (1960,
p. 61) report possible marine pelecypods and brackish water’
pelecypods and gastropods from zones which lie between 
1060 and 1360 feet below the top of the section which con
tained the Hilton dinosaur. However, the bulk of the Shel
leburg Canyon Formation appears to be non-marine, and the 
thin zones which contain the invertebrates probably repre
sent short incursions of the sea into this area on the west 
side of Oienega Hash. The similarity between these rocks 
and the rocks in the type section is striking. The princi
pal dissimilarity is in the lack of definite marine fossili- 
ferous zones in the Empire Mountains section.

The deposition of the sediments contained in the 
Turney Ranch Formation in the outcrop area on the south



flank of the Empire Mountains followed the final retreat of 
the sea from this region. These sediments were, like those 
In the type section In the Whetstone Mountains, probably de
posited on a broad flood plain. The presence of lenticular, 
cross-bedded sandstone bodies which appear to fill scours in 
fine-grained clastic rocks, scour and fill structures at the

i

sharp contacts between shale and the overlying sandstone 
beds, and the presence of silicified wood throughout the 
section, are indicative of a flood-plain environment.

With a few exceptions the Cretaceous sediments in 
and near the Empire Mountains apparently accumulated in a 
non-marine environment, in addition to the previously men
tioned evidence for most of the rocks in the Empire Moun
tains having formed in a non-marine environment, petrogra
phic studies of the clastic rocks also indicate this non- 
marine environment. Pronounced angularity, poor sorting 
and general immaturity are the principal lines of evidnece.

Paleogeography '

The type Glance Conglomerate and its equivalents 
rest on Permian or older rocks and are local in distribu
tion. Also, no Triassic or Jurassic rocks are known in the 
region. It appears, therefore, that the area was one of low 
relief and had been subjected only to limited erosion and 
deposition between late Permian time and the beginning of 
Cretaceous time.
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At a time early in the Early Cretaceous, tectonic 
activity which was chronologically related to part of the 
ifevadan Disturbance, elevated part, if not all, of southern 
Arizona. Either erosion or continued tectonic activity 
altered the topographic surface from one of low relief to 
one of relatively high relief, possibly dominated by basins 
and ranges similar to those present today. The orienta
tion of these highs and lows is unknown. The idea is pro
posed here that the structures, whether erosional or tec
tonic in origin, were oriented parallel to those present 
now. Ho evidence for this idea is known.

Sub-aerial erosion and deposition in Early Aptian 
time, or even as early as Late Heocomian time, were res
ponsible for the formation of the type Glance Conglomerate 
and its correlatives. The materials in the conglomerate 
were derived from the ranges and, after being transported 
only a short distance, accumulated in the adjacent valleys.

Erosion and deposition during Glance time subdued 
the relief only slightly, and finer elastics, sand and silt, 
were carried into the region from the. northwest and north. 
These sediments formed the rocks which are now the type 
Morita Formation and its equivalent, the Upper Member of the 
Willow Canyon Formation of the Whetstone and Empire Moun- • •. 
tains. According to Ransome (1904, p. 6 5), the sediments 
of the Morita Formation accumulated along the margins of an 
advancing sea in a sub-aerial environment, probably on a



flood plain. Assuming that the sediments of the Willow Can
yon Formation were being deposited at essentially the same 
time, the flood-plain environment occupied broad expanses 
along the sea margin since the Willow Canyon sediments also
formed In this environment and are at least 50 miles away
from the Blsbee area. The rivers and streams which carried 
this sediment were contained within the previously mentioned 
north-south valleys, and thick accumulations of sediment 
filled these valleys by the end of Willow Canyon time.

At least the lower two thirds of the sediments of 
the Lowell Formation accumulated In the littoral and near
shore shelf environment as the sea advanced toward the
•north and northwest across the region In which the topogra
phy had been subdued by the valley-filling action of Morlta 
sedimentation. Marshy areas and lagoons covered broad 
areas along the shore, and, In these quiet waters, the silt, 
clay, and lime mud of the Apache Canyon Formation were ac
cumulating.

lagoonal deposition continued through Apache Canyon 
time and into Early Shelleburg Canyon time. At this same 
time, the Blsbee area was far off shore and the rocks of 

' the upper Lowell Formation and of the Mural Limestone were 
forming. Marine limestone and shale beds in the section In 
the Whetstone Mountains are equivalent to lagoonal rocks In 
the Empire Mountains. These rocks are in the lower part of 
Shelleburg Canyon Formation and represent the maximum
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transgression of the Bisbee Sea.
Retreat of the sea from this area was fairly rapid 

following deposition of the lower marine portion of the 
Shelleburg Canyon Formation. Ron-marine beds a short dis
tance above beds containing marine fossils in the section 
in the Whetstone Mountains are indicative of this. With 
this rapid retreat the lagoonal environment did not have 
time to redevelop, and the transition is from marine lime
stone to non-marine clastic rocks. A transition from marine 
to non-marine and back to marine occured several times in 
the type Shelleburg Canyon Formation before the last marine 
beds were deposited and indicate minor advances and re
treats immediately preceding the final retreat of the sea.

Rot all of the non-marine sediments in the remain
ing portions of the section are the typical flood-plain 
deposits of the Turney Ranch Formation. Several beds of 
fresh water limestone and shale, probably lacustrine, occur

- r

in the upper portions of the type Shelleburg Canyon Forma
tion. Fresh water branchiopods and ostracods are reported 
from these beds by Keller (1956).

Lacustrine depostion had ceased by the beginning of 
Turney Ranch time, and the flood-plain environment was wide-
spread. A thick sequence of flood-plain sediments accu
mulated before the end of Early Cretaceous time. •

. A period of non-depositon and erosion followed the 
Turney Ranch episode of deposition, and an unknown thickness
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of these rocks was removed. Uplift of this region was re
sponsible for this erosion interval. This uplift signals 
the beginning of the Cretaceous deformation of this region. 
Folding and faulting accompanied this uplift, and these 
structures were truncated by erosion. Andesitic volcanism 
occurred locally.

Following the erosion interval a thick blanket of 
gravel, andesite and tuff spread eastward from a high area 
located near the present Santa Rita Mountains. These gra
vels, andesites and tuffs originating in the Santa Rita 
Mountains area are now a part of the Hilton Ranch Conglome
rate.

The thick sequence of extrusive andesite and agglo
merate which underlies the Hilton Ranch Conglomerate pro
bably originated in a volcanic center which was located in 
the northerly portion of the Santa Rita welt. These, in 
turn, were eroded and furnished many of the andesite boul
ders and cobbles which are contained in the conglomerate. 
The cobbles and boulders of Lower Cretaceous sedimentary 
rocks were derived from the cover overlying the area of the 
rising welt and were rapidly poured into the adjoining 
basin.

Luring the time of the accumulation of the Hilton 
Ranch Conglomerate, volcanism and the accumulation of thick 
gravels were also taking place near other ranges in south
eastern Arizona, as particularly evidenced by the Upper



Cretaceous conglomerate and volcanic sequences in the Hua 
chuca and Patagonia Mountains.



CHAPTER VII 
STRUCTURAL GEOLOGY

Large Scale Structures

Two phases of deformation have affected the Creta
ceous rocks In the vicinity of the Empire Mountains. The 
first occurred during the Cretaceous. The second took 
place in post-Early Miocene (?) time.

The major fault trend is nearly north-south. This 
can be seen in ail the ranges, but it is particularly ob
vious in the Empire, Santa Rita and Whetstone Mountains. 
Varying amounts of displacement are displayed by these v. 
faults, with the greatest displacement having occurred on 
the Empire fault in Davidson Canyon.

The Empire Mountains are structurally complex. The 
main body of the range is a northeast-trending anticline 
plunging to the southwest. This fold has been designated 
the Empire anticline by the writer. The west flank of the 
anticline is truncated by the Empire fault. On the east 
side of the range is the valley of Cienega Wash, which is 
occupied by a broad, south-plunging syncline, the Cienega 
Wash syncline. numerous transverse faults cut the rocks
surrounding the center of the range and the amount of stra-

c . • :;
tigraphic displacement is highly variable. The core of the 
range is occupied by the Sycamore stock, a quartz mohzonite
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intrusive, and small intrusive plugs and dikes are abundant. 
Many of these smaller intrusives appear to have been loca
lized by faults.

A portion of the Texas Lineament, a zone of struc
tures most recently described by Mayo (1958, p. 1172), is 
located in Cienega Gap immediately north of the Empire Moun
tains. According to Lutton (1958) it appears that a large 
component of the movement in this zone was left-lateral. , 
The trend of this zone is. approximately U. 70* W.. Lutton 
also supposed that this zone of deformation existed in 
southeastern Arizona in pro-Cretaceous time, possibly as 
far back in time as the EreCambrian. Movements in this 
zone have probably taken place as late as post-Early Mio
cene (?).

81

Sedimentary Structures

Sedimentary structures of many types are common in 
the Lower and Upper Cretaceous rocks, particularly in those 
exposed in and near Cienega Wash and Davidson Canyon.

The structures can be divided, with some overlap, 
into those in clastic rocks and those in non-clastic rocks.

Structures In Clastic Rocks-These structures are 
abundant in greatest variety in sandstone, siltstone and 
shale. The features present are cross-bedding, graded-bed
ding, load casts, scour and fill, supratenuous folds, groove 
casts, ripple marks and intra-formational conglomerate.
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Cross-bedding is common in sandstone throughout the 

section. The geometry of the cross-bedding is generally 
simple, normally being the simple wedge type. Festoon 
cross-bedding has been observed but is uncommon. Magnetite 
grains with slightly rounded inter-facial edges occur in 
thin laminae, normally no thicker than the thickness of the 
individual grains and parallel to the fore sets.

Graded bedding is found in the coarser sandstones 
and in the pebble conglomerates but is relatively uncommon. 
Both normal and reverse graded bedding exist.

Load casts can be seen in some of the clastic sedi
mentary beds as well as in some of the tuff beds in the Hil
ton Ranch Conglomerate. An illustration of the load casts 
is shown in figure 21. •'

Scour and fill is common in the Turney Ranch Forma
tion rocks. The dimensions of the scours are variable,^ 
some being narrow, shallow and short, while others are as 
much as four feet wide, one foot deep and indeterminate in 
length.

Supratenuous folds formed by differential compaction 
are common in both the clastic and the non-clastic rocks. 
They are not, however, as abundant or as striking in the 
clastic rocks. This could be called a transitional type
between the two major categories of structures.

• .

A certain amount of differential compaction is be
neath the scours in shale beds. There is also some around



large foreign bodies such as concretions and algal biscuits.
Groove casts, ripple marks and Intraformational con

glomerate are uncommon. Groove casts and ripple marks are 
not restricted to any particular formation, but the intra- 
format ional conglomerate has been observed only in the Hil
ton Ranch Conglomerate where lenses of the material are pre
sent locally.

Structures In Hon-clastic’ Rocks-The most unusual 
structures in the entire Cretaceous section are in the lami
nated limestone of the Apache Canyon and Shelleburg Canyon 
Formations. Most of these structures are small,, many being 
microscopic in size. The writer, for purposes of clarity, 
uses micro- as a prefix to differentiate the smaller from 
the larger sedimentary structures.

Supratenuous folds are visible in almost every spe
cimen of limestone seen by the writer, but the .magnitude of 
the compaction varies over a wide range. The smallest of 
these can be seen only in thin—section. In these# the la
minae can be seen to thin as they arch over the top of a 
sand fragment or a small piece of fossil wood. These are
micro-supratenuous folds. These folds are gradational'in

;
size up to a fold which may measure as much as eight feet 
across and with an amplitude of eight to ten inches, k;' 
particular shale zone near the top of the Apache Canyon 
Formation contains several large algal colonies (figs. 22 
and 25). The shale is draped over the tops of these
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colonies in a very symmetrical manner. Some compaction of 
the shale beneath these large, heavy colonies is also pre
sent, but the amount of relief is somewhat less than that 
in the supratenuous folds above the colonies. These large 
folds often display a great deal of contortion of the lami
nae in the limbs due to slumping on the inclined depositio- 
nal surface.

The folds in the size gap between the micro-folds 
and the large folds are caused by draping of the sediments 
over foreign bodies which are mostly fragments of fossil 
wood.

The other micro-folds in the rocks of the Apache 
Canyon Formation are slump folds (Fig. 24) or concentric- • 
folds (Figs. 25 and 25). The slump.folds show thinning on 
the flanks and thickening on the crests. This prevails to 
the extent that many of the laminae thin to a knife-edge or 
disappear completely on the limbs. The same laminae thic
ken to several times the original thickness on the crests 
of the folds.. The crests are commonly pinched, and the la
minae thicken along the axial plane in a direction normal 
to the bedding and form sharp, high apices. Concentric 
folds are not as common as slump folds, but, when seen, com
monly show unusually well-formed drag folds on the limbs 
(Fig. 25).

Large folds are uncommon. These are normally close
ly folded and recumbent (Figs. 27 and 28).

I



.load casts in tuff bed from the Hilton Ranch 
Conglomerate: Specimen is 3 inches wide and 
4 inches long.

FIGURE 21

FIGURE 22
Algal colony from near the top of the Apache 
Canyon Formation: Southeast flank of the Em
pire Mountains.

A
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FIGURE 23
Small algal colony: Seme locality as figure
22.

>

FIGURE 24
Slump folds In laminated limestone from the 
Apache Canyon Formation: Southeast flank of 
the Empire Mountains: X2.
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FIGURE 25
Decollement in laminated limestone from the 
Apache Canyon Formation: Southeast flank of 
the Empire Mountains: XI.

FIGURE 26
Recumbent fold in limestone from the Apache 
Canyon Formation: Southeast flank of the 
Empire Mountains: XI. •
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Deformed limestone in the Apache Canyon For
mation: Pencil in center for scale.

FIGURE 2?

FIGURE 28
Recumbent fold in limestone of the Apache 
Canyon Formation.





Micro-faults are abundant in the laminated limestone 
beds of the Apache Canyon Formation but are rare in the in- 
terbedded siltstone and shale. High-angle normal faults are 
responsible for the formation of small horsts and grabens 
which disrupt the continuity of otherwise laterally conti
nuous laminae. The high-angle reverse faults are found in 
zones where there is little or no folding, ...whereas1 low- 
angle reverse.faults are commonly associated with micro
folds.

; The sedimentary structures in the clastic rocks, • 
cross-bedding, graded bedding, load casts, scour and fill, 
groove casts, ripple marks and intraformational conglome
rates, being normally interpreted as forming in close as
sociation in the sub-aerial enviromnent, are further sub-■ * ....

stantiating evidence of the previously mentioned interpre
tation that these rocks accumulated in a flood-plain en
vironment.

The folds in the laminated limestone.beds of the 
Apache Canyon Formation formed in response to movements of 
the highly plastic lime muds down the gentle bottom slopes 
of the lagoons. If these slopes had been steep, the moving 
masses would have broken into jumbled masses with the re
sulting destruction of the tightly and precisely folded 
laminae. The high degree of plasticity of these muds per
mitted flow down very gentle slopes with preservation of . 
the resulting folds.
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Major Structural Elements

Polds-A group of east-west trending anticlines.and 
synclines is located in Davidson Canyon in sec. 2, T. 18 S., 
R. 16 B. and sec. 35> T. 17 S., R. 16 E. (Pig. 4). These 
folds are tight, having dips in excess of 45 degrees on 
their flanks; some as high as 80 degrees. Ho appreciable 
amount of plunge can be discerned. The rocks affected by 
the folding are lower Cretaceous and probably are part of 
the Shelleburg Canyon Formation. Erosion following the 
Early Cretaceous has truncated these structures and, in pla
ces the Hilton Ranch Conglomerate lies with angular uncon
formity on the truncated lower Cretaceous rocks.

The Empire anticline is a large fold which has an 
axis trending north-south in its northern extremities and 
northeast-southwest in its southern portions. Rocks ran
ging in age from Cambrian to Upper Cretaceous (?) have been 
affected by this folding. The core of the anticline is oc
cupied by the Sycamore stock which is in contact with Paleo
zoic rocks everywhere except on the southwest. Here (Pig. 4, 
sec. 6, T. 18 S., R. 17 B.), a narrow arm of the stock is in 
contact with both lower and Upper Cretaceous (?) sedimen
tary rocks.

No plunge is apparent in the northern half of the 
anticline, but there is an obvious plunge to the southwest 
in the southern extremities. The anticline is truncated on 
the north by the Andrada fault and on the south by a complex



of normal faults. On the north the fold is symmetrical, 
but on the south it is asymmetrical to the northwest,

The Cienega Wash syncline is located immediately 
east of the Empire Mountains. This is a broad, gentle • 
structure which plunges west-southwest. The rocks on the 
west flank of the fold belong to the lower Cretaceous Wil
low Canyon, Apache Canyon and Shelleburg Canyon Formations. 
Most of the east flank of the fold is covered by alluvium, 
but the strike of the beds on the east side of the chute of 
the syncline can be projected beneath the alluvial cover to 
the outcrops of the same formations on the southwest flank 
of the Whetstone Mountains. The formation contacts, dips, 
and strikes all match across this covered interval, indica
ting that the Cretaceous strata are continuous in the sub
surface. The limbs of the syncline are structurally simple.

A small, faulted anticline is located immediately 
north of the chute of the Cienega Wash syncline at the cor
ner common to T. 17 and 18 S., R. 17 and 18 E. (Fig. 4).
This anticline has an axis trending east-west to northwest- 
southeast, and the fold plunges to the east or southeast. 
Hormal faults have broken the fold into several blocks, but 
the configuration of the fold can still be seen. The rocks 
in this area cannot definitely be placed into one of the 
four known lower Cretaceous formations of the area. The 
rocks are arkose and shale and, on the basis of their gross 
lithology and their spatial relationships to other nearby
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Lower Cretaceous rocks, they have tentatively been placed in 
the Willow Canyon Formation.

Two miles northwest of the above area in sec. 27,
T. 17 S., R. 17 E. (Fig. 4) is a broad anticline which plun
ges slightly south of east in rocks of the Willow Canyon 
Formation. The dips on the limbs and the nose of the fold 
are gentle. The axis of the fold can be projected to the 
southeast where it coincides with the axis of the anticline 
north of the chute of the Cienega Wash syncline. The plunge 
of the two anticlines is also in the same direction.

The only other folds in the area are located on the 
extreme south flank of the Whetstone Mountains in secs. 20, 
21, 28, and 29, T. 19 S., R. 18 B. (Fig. 4). The folds are 
commonly known as the Klene structures. Two anticlines with 
an Intervening syncline have axes striking nearly east-west. 
The anticlines and the syncline all plunge gently to the 
east.

Faults-A northwest trending normal fault of some 
significance is located on the west side of Highway 83 
in the north end of Davidson Canyon (Fig. 4, secs 2, 3, and 
4, T. 18 S., R. .16 B.). This fault is vertical or dips 
steeply to the southwest. The northeast side has moved up 
relative to the southwest side. Lower Cretaceous rocks on 
the northeast side of the fracture which appear to belong 
to either the Apache Canyon Formation or the lower part of 
the Shelleburg Canyon Formation have been moved into •
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apposition with the Upper Cretaceous (?) Hilton Ranch Con
glomerate on the southwest side. The stratigraphic throw 
exceeds 6,000 feet. The fracture terminates at its north
west extremity in a Laramlde intrusive and at its southeast 
end in the upper portions of the Hilton Ranch Conglomerate.

Due to the magnitude of the movements on the fault, 
deformation of the strata adjacent to it has been intense. 
Bedding strikes deviate from normal by as much as 70 de
grees, and the dips have been increased by as much as 40 
degrees.

The Empire fault is located on the west flank of the 
Empire Mountains in Davidson Canyon. Galbraith (1959, 
p. 128) mapped this as a low-angle thrust fault. The break 
is oriented nearly north-south, and younger rocks to the 
west are in apposition to older rocks on the east. The 
western rocks are Lower Cretaceous and Upper Cretaceous (?) 
in age, while the eastern rocks are Paleozoic and Lower 
Cretaceous. Along the northern portions of the fault, rocks

r • .

of the Willow Canyon Formation on the east side of the fault 
are opposite from rocks of the Shelleburg Canyon Formation 
on the west side. Toward the southern end of the zone, Up
per Paleozoic rocks on the east side are in apposition to 
the rocks of the Hilton Ranch Conglomerate on the west 
side. The displacement on the fault is significantly grea
ter in the south than in the north. The fault cannot be 
seen anywhere in the outcrop, but displacement is visible



for a strike distance of at least eight miles. Although the 
fault is covered by alluvium, the covered zone is. narrow and 
relatively straight.

linear intrusive bodies crop out in several .places 
along the assumed trace of the break, one an extension of 
the Sycamore stock and another a rhyolite dike. These two 
intrusives are the largest features, but other intrusives 
crop out along the zone of displacement, particularly near 
the north end of the Empire Mountains.

Movement was not restricted to a narrow zone at the 
south end of the fault, but instead a series of fracture's 
of lesser displacement fans out to the south from the main 
fault. At least six faults comprise this fan, and displace
ments are variable, the stratigraphic throw ranging from ap- 
proximately 1,000 feet to more than 5,000 feet. Rotation 
of the wedges between these breaks is common.

A rhyolite dike is localised within one fault in 
the south end of the fault zone (Fig. 4, secs. 12, 15 and 
14, T. 18 8., R. 16 E.). This dike is over two miles long 
and is narrow, rarely exceeding 200 yards in width, and com
monly being much narrower than this. The rocks on the west 
side of the dike are assigned to the Hilton Ranch Conglome
rate and the Turney Ranch Formation, whereas the rocks on 
the east side are Upper Paleozoic limestone and the lower 
portions of the Willow Canyon Formation. The rhyolite has 
permeated the nearby coarse clastic rocks of both Upper
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and Lower Cretaceous formations, but it has affected the 
limestone only to the extent of re crystallization and frac
ture filling. Shale appears to. be unaltered.

The penetration of the coarse elastics by the rhyo
lite caused the precise western boundary of the rhyolite to 
be gradational, and an arbitrary placement of this boundary 
was necessary. The procedure in this instance was to place 
it at the points where a definite sedimentary rock type was 
recognizable.

The stratigraphic interval between the sediments on 
the east side of the dike and those on the west side is con
siderable, being at least 10,000 feet and possible as much

• 1 1 • ,

as 15,000 feet^
Only two fractures indicating a significant strike- 

slip component of movement are present in the Empire Moun
tains (Galbraith, 1959, p. 152). These, the Andrada and 
Pantano faults, are located in the extreme northern seg
ments of the range (Pig. 4, secs. 25, 32 and 33, T. 17 S.,
R. 17 B.) and have affected both Paleozoic and Cretaceous 
rocks. The Andrada fault strikes northwest-southeast and, 
according to Galbraith (1959, p. 132) the left-lateral mo
vements have displaced the rocks about 8,000 feet horizon
tally. The Pantano fault merges with the Andrada fault at 
the western front of the range, and the proposed left-late
ral movement has displaced the rocks about 6,000 feet. 
Possibly some if not all of the movement was dip-slip, with
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the north side moving down on both faults.

The area immediately north of the chute of the Cie- 
nega Wash syncline was described, in part, under the heading 
of Folds. An east-southeast plunging fold in rocks that
might be assigned to the Willow Canyon Formation is broken' ' ••
into blocks by a number of normal faults. The traces of 
these fractures are included in an arc from approximately 
N. 45° W. to N. 60* E. The displacement on any single fault 
does not appear to be large. This area is bounded on the 
south by a fracture which is probably an extension of the 
Andrada fault. Paleozoic rocks, probably Eainvalley Forma
tion, on the south side of this fault are opposite from Cre
taceous rocks on the north side.

Tyrrell (1957) mapped a normal fault with a north- 
northwest trace along the west side of the Whetstone Moun
tains, but this area is covered by Pliocene (?) basinfill

. ••

so the postulated fault is not exposed. The displacement, > 
if any, is slight.

A number of north-northeast normal,faults is present 
on the south flank of the Whetstone Mountains. Displacement
along these breaks does not approach the magnitude of that

: . ! . ...................

along the Empire fault.
Tyrrell also mapped a fault on the northeast flank 

of the Whetstone Mountains. This fault strikes approxima
tely west-northwest. Cretaceous sedimentary rocks on the 
north side are in apposition to PreCambrian granite on the
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south side. Obviously, the stratigraphic throw on this 
major fracture is very great, amounting to at least the to
tal thickness of the Paleozoic section and an unknown thick-

:
ness of the Cretaceous section..

Erotic Blocks-On the east side of the southern ex
tremity of the Empire fault a block of Paleozoic limestone, 
probably part of the Rainvalley Formation, .is surrounded on 
three sides by sedimentary rocks belonging to the Willow 
Canyon Formation (Figs. 4 and 5). The west side is in con
tact with the previously mentioned dike. The limestone 
strikes H. 606 E. and dips 30° to the northwest. The sur
rounding Cretaceous rocks strike east-west and dip 40* • •
south. The block is nearly square except for a narrow arm

! . .

which projects to the northeast. The block Is not structu
rally deformed. Fractures, vugs and bedding are occupied 
by euhedral calcite. •

A block of Rainvalley Formation, triply divided by 
faults, is located a mile northeast of the small exotic 
block mentioned in the preceding paragraph. The limestone 
of which the block is composed is on strike with the sur
rounding Cretaceous rocks as well as the smaller exotic 
block to the southwest (Fig. 4). The block is surrounded 
by rocks of the Willow Canyon Formation except on the south
east where the contact is with a rhyolitic mass. As with 
the dike to the west, the rhyolitic material has permeated 
the Cretaceous clastic rocks, making them, in many
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instances unrecognizable as sedimentary rocks in hand-spe-
■ .cimen. Shale beds have not been affected by the rhyolite.

In thin-section these clastic rocks can be recognized as 
sedimentary rocks, probably from the lower part of the Wil
low Canyon Formation. More detailed information is presen
ted in the chapter on petrography.

A breccia and gouge zone separates the limestone 
blocks on the north side from Willow Canyon rocks. The dip

: ' i - . ;

of this fault zone cannot be measured. The west and east 
blocks terminate sharply at a fault contact with Willow Can
yon rocks, and the middle block has been dropped relatively
downward between two normal faults.• ' : . ' ' ' ! ! !

The center of the rhyolite intrusive located on the
southeast side of the three limestone blocks is composed of

■ " - ' '
dense, white, porphyrltlc rhyolite. A gradation outward in 
all directions is present until sedimentary rocks can again 
be recognized.

. - i  ; . • ...

Again, the boundaries of the intrusive are arbitrary, 
having been placed at the points where distinct sedimentary 
rock types can be identified in hand-specimen..

Galbraith (1959# p. 132) describes several blocks 
of Paleozoic limestone which lie on Cretaceous rocks. These 
are located on the extreme north end of the Empire Mountains 
in the vicinity of Pantano Hill. This area is beyond the 
map (Pig. 4), but the exotic blocks are mentioned at this 
point in order to include them in the general discussion.
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Analysis Of Structures

The east-west folds in the north end of Davidson 
Canyon are Cretaceous in age since they are truncated and 
overlain with angular unconformity by the Upper Cretaceous 
Hilton Ranch Conglomerate, and the rocks involved in the 
folding are Early Cretaceous in age. The time in the Early 
Cretaceous that this folding occurred is not precisely known 
as the exact age of the Hilton Ranch Conglomerate has not 
yet been determined.

Folds with east-west trending axes are present in 
three areas; in the northern part of Davidson Canyon, on the 
north side of the Andrada fault in the Empire Mountains and 
Clenega Wash, and on the south flank of the Whetstone Moun
tains. The folding in Davidson Canyon has been demonstrated 
to be Cretaceous in age, but no specific evidence for the 
time of folding in the other two areas is known. However, 
the folds on the north side of the Andrada fault are near
ly due east of those in Davidson Canyon and are in lower Cre
taceous rocks. Willow Canyon Formation. It is assumed that . 
the folding occurred contemporaneously. The Klene struc
tures on the south flank of the Empire Mountains also have 
east-west trending axes and are in lower Cretaceous rocks 
of the Turney Ranch Formation. On the basis, of both direct 
and indirect evidence, it is proposed that all the east- 
west folds in the area formed during the time Interval
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between the formation of the Turney Ranch Formation and the 
Hilton Ranch Conglomerate. According to Wilson and Moore 
(1959, P. 97), an east-west fold trend was generated during 
the Laramide Interval. These folds formed during this epi
sode.

The formation of the Empire anticline is attributed 
to a vertical doming of the Paleozoic and Mesozoic cover by 
the rising of the quartz monzonite core. This vertical 
movement resulted in anticlinal warping of the cover rocks, 
and vertical adjustments along.the Empire fault bounding the 
west flank of the uplift. Although it is not definitely 
known how large a part of the vertical force was contributed 
by the igneous core, future granite tectonics studies of 
these rocks may furnish information on this question.

The unusual geometry of the anticline as described 
on page 90 of this report can be explained by the differen
tial displacement along the Empire fault. Along the nor
thern part of the fault rocks of the Willow Canyon Forma
tion on the east side are faulted against the rocks of the 
Shelleburg Canyon Formation. Along the southern part. Up
per Paleozoic rocks on the east side are faulted against 
the Hilton Ranch Conglomerate. The significantly greater 
displacement in the south would effect a twisting of the 
anticline much as one would wring a wet dishcloth and would 
create the plunge, asymmetry and curving of the anticlinal 
axis. . .
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It is the writer's opinion that the horse-tail pat

tern of the south end of the Empire fault has resulted from 
a combination of stresses localized at an intersection of v 
two:different stress fields. The primary stress, localized 
along the Empire fault, intersects the arc of tension ge
nerated by the doming of the Empire uplift at the south end
of the range. This horse-tail pattern, in conjunction with

.. <.

the Empire fault, is analogous to the forking of the free 
graben ends as described by Cloos (1939) in his studies of 
artificial and natural shield uplifts. This same situation 
may also be present at the north end of the Empire fault, 
although the pattern is not so obvious. The Pantano, And- 
rada and associated faults could be a part of the forked 
pattern.

Galbraith (1959, p. 132) has proposed that the Em
pire fault is an overthrust with large displacement and is 
due to compression from the southeast. The thrust plane is 
assumed to dip gently to the southeast and to be exposed 
southwest of the Andrada Ranch.

The direct evidence in support of low-angle thrust
ing is limited, and, although features which can be used as 
indirect evidence are more abundant, many of these can be 
used in support of normal faulting also.

According to Wilson (1934, p. 427) the trace of the 
fault plane winds irregularly around the foothills and local 
valleys. It is assumed that Wilson was attempting to convey
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the impression that the fault trace followed the topography
in a rough manner as would be expected in low-angle thrust- »
ing. Wilson also points out that local outliers of Paleo
zoic rocks rest on Cretaceous rocks,with windows exposing 
the Cretaceous basement in the area between the outliers 
and the main thrust mass to the east. Wilson also cited the 
actual exposure of the fault plane as well as the expected
shearing, gouge, brecciation and slickensides. The compres-

. . . . . .  ,

sive stress would, of necessity, be from the east or south
east.

Galbraith (1959, p. 132) mentions an outlier of Per
mian limestone which is in fault contact with the underly
ing Cretaceous rocks. This fault "...appears..." to dip 
gently to the southeast. Galbraith also mentions that the 
trace of the fault is largely covered by alluvium. He cites 
the presence of low-angle imbricate thrusting at Pantano 
Hill on the north flank of the Empire Mountains. Here, De
vonian and Mississippian limestone has been thrust over "the 
Glance Conglomerate Member of the Willow Canyon Formation. 
Also mentioned are Paleozoic rocks in apposition to Creta
ceous rocks, northwest-trending tear faults in the core of 
the range, and rotation of the southern-most part of the 
range so that the strike of the affected strata is east- 
west rather than the normal northeast strike. The thrust
ing is proposed to be due to regional compression from the 
southeast.
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Lutton (1958, p. 46) has proposed a possible mecha

nism for a local compressive force from the southeast. This 
involves detachment of cover rocks located between struc
turally high basement rocks. Wrench faults separate the 
basement blocks from the cover block on the north and south. 
The detached cover rocks were moved to the northwest by ad
justments along the bounding wrench faults, with the Whet
stone Mountains shoving the cover rocks against the statio
nary Santa Rita Mountains. The Empire Mountains occupy an 
intermediate position between these two ranges, and this 
would be the logical place for the deformation to be loca
lized.

/ ' •• ■

The arguments opposed to overthrusting of this mag
nitude are:

1. Evidence for the necessary compressive force from 
the southeast is not apparent.

2. The east-west strike of the strata on the south
• • . . -

flank of the range is not due to rotation of a 
fault block, but is simply due to the bonding of 
these beds around the nose of the south-plunging 
Empire anticline.

5. The thrust plane, if present, dips approximately 
20 degrees less than the dip of the affected .v-: 

beds. The stratigraphic throw is, in some 
places, in excess of 10,000 feet and is possibly 
even more than 15,000 feet. This would require
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a horizontal displacement on this thrust of an 
• extraordinarily large magnitude.

4. With the magnitude of displacement necessary, all 
the affected rocks would be expected to be In a , 
chaotic jumble. The rocks on the east flank of 
the Empire Mountains are present In an orderly 
sequence except for small, local disruptions.
The displacement on the faults In these local 
areas Is small. The gently folded and plunging 
Olenega Wash syncline would, of necessity, be a 
very tight fold, cut by numerous faults of large 
displacement, and would probably plunge steeply.

5. A low-angle thrust would, in outcrop, follow the 
contours of the topography in,a rough manner.
This can be seen on only a very local scale and 
can be readily explained. The outcrops of the 
surfaces which follow the topography are probably 
surfaces of gliding beneath blocks which slid off 
of the nearby Empire uplift, or are due to older 
rocks being rafted upward into the younger rocks 
by fluidization and other processes associated 
with intrusive activity. In many places where 
the fault has been mapped the proposed trace cuts 
directly across the topography in a manner sug
gestive of a very high angle plane.

The preceding facts and deductions seem adequate to
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throw very serious doubt on thrusting and the need for re
gional or local compression. If the concept of compression 
can be eliminated, as seems probable, low-angle thrusting is 
eliminated. High-angle normal faulting then, becomes most 
important.

A number of arguments can be advanced in support of 
high-angle normal faulting. These are:

1. The outcrop pattern of the Empire fault is not 
controlled by the topography.

2. The fault has a trace which is oriented nearly 
north-south. This is the direction of normal 
faults which formed during post-Early Miocene (?) 
time and are an essential part of the formation 
of the basin and range structure in southern 
Arizona.

3. Ear less displacement due to faulting is neces
sary to account for the magnitude of stratigra
phic throw.

4. The fault zone is, in many places, occupied by 
intrusive rocks. Tension fractures' are open 
zones, and they form avenues for the easy rise 
of intrusive rocks.

5. The anticlinal structure of the range can be at
tributed to two things; doming due to vertical» - .

uplift and possible drag on the upthrown side of
' • ' i

the fault. .



6. The broad, open, south-plunging syncline In Cle- 
nega Wash Is due to tilting of the Empire block 
to the east and southeast with a complementary 
tilt of the Whetstone block to the southwest.
The axes of tilt of these two ranges meet in an 
area slightly to the north of the chute of the 
syncline, and the geometry of the resulting tri
angle is responsible for the south plunge of the 
syncline. The tilt was due to normal faulting on 
the margins of the ranges, not to thrusting.

7. The radial pattern of normal faults on the east 
and south flanks of the Empire Mountains indi
cates an arc of tension parallel to the strike of 
the strata. This tension originated from the 
vertical doming of the uplift and the attendant 
stretching on the flanks of.the uplift. The . 
fault traces are normal to the arc of stretching,

8. The exotic blocks of Paleozoic rocks which over- 
lie Cretaceous rocks in Davidson Canyon in a man
ner suggestive of thrusting can be explained by 
gravitational gliding or by upward rafting by in
trusive action. Hone of these blocks are of any 
great size or are any great distance from exposed 
Paleozoic rocks in the Empire Mountains. They 
rest on, or are emplaced in the lowest portions 
of the Cretaceous section.

106
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The evidence seems adequate to support normal faul

ting resulting from the vertical uplift of the Empire Moun
tains .

The northwest-trending normal fault In the north end 
of Davidson Canyon Is a puzzle. It has affected rocks as 
young as the Hilton Ranch Conglomerate which suggests that It 
Is contemporaneous with the Empire fault. The genetic re
lationship of the Empire fault with the fracture fan on the 
south flank of the range Implies that the fault In question 
may be also related to the arc of compression surrounding 
the domal uplift. The large amount of displacement on this 
break as compared to that on the smaller breaks In the.fan 
on the south flank of the range may be due to localization 
along an older structural trend. The northwest structural . 
direction can be recognized as far back as Older Precambrian
and can be seen again at later times, notably Immediately

.
following the Early Cretaceous.

An anticline In the rocks of the Willow Canyon For- 
- nation Is located Immediately north of the chute of the'Cle- 
nega Wash. syncline. -r A fault'which is probably an eastern• 
extension of the Andrada fault also limits this fold on the 
south. This fold is cut"by numerous normal faults of small 
displacement. The origin of these faults and the pattern of- 
their traces can be explained as follows: The Empire and
Whetstone ranges were strongly tilted during uplift as ex
plained on page 73. The fault on the northeast flank of the
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Whetstone Mountains exhibits a large component of vertical 
movement. Little or no movement occurred on the assumed 
fault mapped by Tyrrell on the southwest flank. The tilt 
of the range was to the southwest, toward Oienega Wash. In 
a similar manner but in the opposite direction, the Empire
Mountains were tilted to the east and southeast, also to-

* • .

ward Oienega Wash. The rocks between the two tilting blocks 
were not subjected to a large amount of compression. Rather 
the rocks on the opposite sides of Oienega Wash were gently 
tilted toward each other and a broad synclinal structure was 
formed. The intersection of the tilt axes would, in addi
tion to localizing the chute of the Oienega Wash syncline, 
be an area of complex structure. The area immediately north 
of the chute has been broken into a number of blocks by re
latively small normal faults which appear to have no prefer
red orientation. The traces of the faults all fall within 
an arc of approximately 120. degrees. The area immediately

• * ' t i

south of the intersection of the tilt axes would be subjec
ted to squeezing due to a scissoring action. The chute of 
the syncline illustrates this. A necessary complement to 
this squeezing would be extension which, instead of being 
localized in one particular direction, would be oriented in 
an arc with its center at the tilt intersection. The angle 
of this arc would be determined by the angle of intersection 
of the tilt axes which is approximately 120 degrees. The 
extension axes drawn normal to the faults in this area do
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not. In a single case, fall outside the 120 degree arc.
These fractures are, then, tension faults due to extension.

The presence of the four exotic blocks of Paleozoic 
limestone near the south end of the Empire fault is diffi
cult to explain. Because all four of the exotic blocks are 
on the same trend, contain rocks of the same age and strati
graphic position, and are in contact with rhyolite intru-
sives with identical characteristics and behavior, it is

* * •

highly probable that all of these blocks reached their pre
sent positions in the same manner and as a result of iden
tical forces. They could have reached their present posir '■ 
tions in one of three possible ways. They could be glide 
blocks, having slid to their present positions from the out
crops of Paleozoic rocks to the north, they could have been 
carried upward due to a push from beneath by a forcefully
rising rhyolitic mass, or they could have been emplaced by

• •

movements along bounding faults. The second idea is favo
red, the reasons for which are explained in the following 
paragraphs.

The three blocks of limestone northeast of the sin
gle block were lifted along faults on the west, east and 
north, with the source of the vertical upward pressure ari
sing partially from a push exerted by the rhyolite and by 
fluidization associated with the intrusion. The evidence
for fluidization processes being active is presented in the

;

chapter on petrography.
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The single block next to the Empire fault was em

placed in the same manner. Although the bounding faults 
were not seen, except for the Empire fault on the west, they 
are necessarily present. A large intrusive rhyolite dike 
crops out along the Empire fault zone, and the effects of an 
intrusive are present in and surrounding the block. The in
trusive did not break through to the surface near the block.

The rhyolite was apparently Intruded into these 
rocks along relatively open zones, and it carried the lime
stone blocks with it as it moved, little resistance to the 
intrusive force was present, and the result was localization 
of the rhyolite and the accompanying blocks in the open 
zones. A tension fracture is the ideal environment for such 
a situation, and, in this instance, the tension fracture is 
the Empire fault and its satellites. Ho large open frac
tures are present in the vicinity of the group of three exo
tic blocks, but several small normal faults are located 
here. The rhyolite is located south of the limestone blocks

' • . • - -v,

and has penetrated the permeable clastic rocks of the Willow 
Canyon Formation. The fault zone and the high permeability 
of the Cretaceous rocks localized the intrusive activity.

The north-northeast faults mapped by Tyrrell (1957) 
in the Whetstone Mountains are normal faults which displace 
Lower Cretaceous rocks. Also, rhyolite sills which are 
probably Tertiary in age have been displaced by these .. _v 
faults. They do not affect the Pliocene (?) basinfill.
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Although the exact age of the intrusives is not known, they 
were probably emplaced shortly before faulting. The faults 
are parallel to the basin and range direction of faulting in 
southern Arizona and probably formed during post-Early Mio
cene (?) time, ‘

' History Of Deformation

Post-Paleozoic deformation of southeastern Arizona 
can be grouped into at least four episodes. However, only 
three of these can be shown to have affected the Empire- 
Whetstone area to any great degree. These three episodes 
will be considered from oldest to youngest.

Post-Paleozoic and Pre-Glahce-Broad epeirogenic up
lift in pre-Glance time was responsible for erosion of the 
^uplifted Paleozoic rocks and the attendant deposition of the 
basal Glance Conglomerate, the overlying Morita Formation1 
and its equivalent, the Willow Canyon Formation. It is not 
definitely known if any extensive folding and faulting oc
curred at this time, but a relatively great amount of relief 
was present as is indicated by the texture, spotty distribu
tion and highly variable thickness of the Glance Conglome
rate and its correlative formations and members. Local ba
sins were the sites of thick accumulations of gravels, and 
the adjacent highs were subjected to rather rapid erosion. 
The necessary relief in conjunction with local basins and 
highs is suggestive of block faulting and the formation of



basin and range topography. At the same time, a broad down- 
warp along a nearly east-west axis began to take shape in 
southeastern Arizona. This downwarping continued after the 
block-faulting had subsided and became an arm of the Mexican 
geosyncline, the Bisbee Sea.

Upper Cretaceous (?)-The initial Upper Cretaceous (?) 
deformation is evidenced by the groups of small folds in the 
north end of,Davidson Canyon, on the north flank of the Em
pire Mountains and on the south flank of the Whetstone Moun
tains. These folds are oriented approximately east-west and 
are overlain in Davidson Canyon with angular unconformity 
.by the Hilton Ranch Conglomerate.

Andesitic volcanlsm occurred contemporaneously with 
folding and uplift. The andesite flows of this period of 
activity are overlain by a thick sequence of conglomerate, 
agglomerate, sedimentary breccia, and tuff. These indicate 
continued uplift and intermittent volcanlsm at a center not 
far removed from the outprop area. Although the evidence is 
sparse, the source was probably in the approximate vicinity 
of the present Santa Rita range, but was of greater areal 
extent than the present range. The parallelism of the con- 

- glomerate to the present mountain range is strongly sugges
tive that the Cretaceous mountain range had essentially the 
same configuration and trend as the present range and was 
bounded on the east by a narrow north-south basin.into which 
the conglomeratic materials were poured.
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The uplift is envisioned as a rising, elongated welt 
or blister with the uplifting force oriented vertically. 
Tension fractures parallel to the axis of the welt opened 
and allowed the escape to the surface of the volcanic ma
terials. The early volcanics were basic and the late vo- 
Icanics were both acidic and basic. The early materialsi :
were extruded in the form of flows, while the later mater
ials were extruded more violently with the resulting forma
tion of tuff and agglomerate.

Post-Lower Miocene (?)-The period of relative quies
cence following Upper Cretaceous (?) deformation came to an 
end sometime following the end of Lower Miocene (?) time.

EpeJLrogenic uplift in post-Lower Miocene (?) and 
pre-Middle Pliocene time is indicated by deformation of the 
lower Miocene (?) Pantano Formation in Cienega Gap with the 
Middle Pliocene Sonoita Basin fill being relatively undis
turbed (Brennan, 1957, p. 48). This uplift is expressed in 
either large folds with north-south to north-northeast axes 
or in normal faults parallel to these fold directions.
These two structural elements often occur in combination. 
This is best illustrated in the area under consideration by 
the Empire Mountains.

The Empire fault, a high-angle normal fault, strikes 
nearly north-south and has cut beds as young*as Upper Creta
ceous (?), leaving Middle Pliocene rocks unaffected. The 
Empire anticline has an axis oriented parallel to the Empire

113
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fault, and the folding occurred at the same time as the 
faulting. Part of the folding is due to the dragging-down 
of the beds on the west flank of the anticline on the up- 
thrown side of the Empire fault, and part is due to doming 
of the affected cover rocks due to the upward push exerted 
by the rising quartz monzonlte core. As a result of the 
displacement on the fault on the west flank of the range, 
the entire range was tilted to the east and southeast.

A number of normal faults on the north and south
end of the Empire fault fan out from the main fault. These .
fans are an expression of the combination of stresses in ac
tion during the domal uplift. The Andrada and Pantand 
faults are a part of the fault fan on the north end of the 
Empire fault.

Faulting along a west-northwest direction., took place 
along the north flank of the Whetstone Mountains contempor-! 
aneously with the uplift of the Empire Mountains. The com
bination of the large displacement on this fault and the ap
parent lack of movement or uplift on the opposite flank of 
the range was responsible for the tilting of; the Whetstone 
range to the southwest. The tilting of the two ranges to
ward the intervening rocks formed the Cienega Wash syncline.

During the late stages of the tilting of the Empire 
and Whetstone ranges a fan of normal faults formed near the 
intersection of the tilt axes as a result of extension.

Igneous intrusive activity in the Empire Mountains
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was contemporaneous with faulting and uplift and, in addi
tion to the emplacement of the Sycamore stock in the core 
of the range, rhyolitic hypabyssal intrusives occupied open 
fractures along the main fault zones and carried, in some 
places, blocks of the underlying Paleozoic rocks along with 
them. Fluidization was actively associated with the shal
low intrusives.

. . .  - ,

The uplift of the Empire Mountains was of such mag
nitude that a sufficient slope was present for detached 
blocks of cover rocks to slide off of the rising uplift on
to rocks in the intervening down-dropped areas. This can
best be seen in Davidson Canyon and on the north flank of

'

the range.
Brennan (1957, p. 48) reports lower Pliocene (?) 

deformation in Cienega Gap, but no evidence for this episode 
of deformation can be seen in either the Empire or Whetstone 
Mountains.

Post-Paleozoic deformation can be summarized as fol
lows: -

1. Post-Paleozoic and Pre-Glance
a. Epeirogenic uplift and block-faulting (?).
b. Deposition of conglomerate in resulting

* • • • i .

basins.
c. Downwarping of the trough which contained the 

Bisbee Sea.
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2. Upper Cretaceous (?)

a. Andesitic volcanism in conjunction with the 
vertical rise of the Santa Rita welt.

b. Formation of minor folds along an east-west 
trend.

c. Rapid erosion and deposition of coarse gravels 
contemporaneous with explosive volcanism. 
lower Cretaceous structures were truncated by 
this erosional episode. The interbedded con
glomerate, agglomerate, tuff and andesite of 
the Hilton Ranch Conglomerate resulting from 
this combination were deposited on the trun
cated lower Cretaceous structures.

d. Erosion and structural quiescence with the 
wearing down of the Santa Rita uplift.

3. Post-lower Miocene (?)
a. Basin and range faults and folds trending 

north-south were generated by epeirogenic 
uplift. • Intrusion of the Sycamore stock was 
contemporaneous with the faulting and folding. 
Rhyolitic intrusives were emplaced along open 
fractures and fluidization processes were ac-

' tive during emplacement. Some gravitational 
gliding of cover rocks off of the Empire up
lift also occurred at this time.

b. Continued uplift of the Empire and Whetstone



Mountains tilted the ranges with the formation 
of the Oienega Wash syncline,

c. Faulting due to extension near the chute of 
the Oienega Wash syncline.
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CHAPTER VIII 
CONCLUSIONS

1. The total aggregate thickness of the Cretaceous 
rocks in Olenega Wash and Davidson Canyon is at least 14,000 
feet and possibly as great as 20,000 feet. The Lower Cre
taceous section is approximately 13,900 feet thick, and the 
probable Upper Cretaceous section is at least 4,200 feet 
thick. The Upper Cretaceous portion is tentatively corre
lated with Upper Cretaceous rocks in Adobe Canyon and with 
Upper Cretaceous (?) rocks in the Huachuca Mountains.

. 2. The rocks located within Olenega Wash probably 
represent the maximum northward encroachment of the Bisbee 
Sea, with the areas to the southeast having been covered for 
varying periods of time by these marine waters. The rocks 
indicate one major transgression and regression upon which 
numerous smaller advance-retreat cycles are superimposed.

3. Vertical uplift of the Santa Rita range Late
v  ■ .

Cretaceous (?) time is indicated by volcanism and thick ac
cumulation of conglomeratic and aggiomeratic materials.

4. It is possible that basin and range structures 
- existed in southeastern Arizona as early as Late Neocomian
or Early Aptian time.

5. The Empire fault, long postulated to be a thrust 
toward the northwest, is more probably a high-angle normal 
fault of post-Early Miocene age and is a part of the basin
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and range type of deformation in southern Arizona.

6. The folding of the rooks in Cienega Wash into the 
Cienega Wash syncline was due to tilting of the Whetstone 
arid Empire Mountains and not to regional compression.

7. Petrographic studies indicate that the Cretaceous 
rocks were deposited in a non-marine environment. The only 
exception can be seen in the lagoonal sediments in the mid
dle of the Lower Cretaceous sectiori.

8. Rhyolitic intrusion during mid-Miocene time was 
controlled by penecontemporaneous normal faulting. Fluid4-:: 
ization within the intrusive bodies played an active role in 
the emplacement and was in part responsible for the vertical 
rafting of large blocks of older rocks,

9. Some gravitational gliding of small blocks of 
Paleozoic and Lower Cretaceous rocks may have occurred on 
the north flank of the Empire Mountains.



APPENDIX A

Measured Sections

Section I-Hllton Ranch Conglomerate

This section was measured along the line A-A* loca
ted in sections 3» 10 and 11, and along the line A*'-A*'' 
located in section 28. Sections 3» 10, 11, and 28 are in 
T. 18 S., R. 16 E. (Fig. 4).

The lowest bed rests disconformably on a purple, 
porphyritic andesite flow of Cretaceous age. Although no 
evidence of extensive weathering and erosion is apparent, 
a very thin weathered zone can be seen at the top of the 
flow. The section is overlain unconformably by gravels of 
probable Pliocene age.

Unit 10 is the only unit which is present in both 
lines of section that is distinctive enough to be used as a 
marker horizon. The top of this unit was used as the base 
of the line A"-A*".

The section is described from top to bottom..
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1. Conglomerate, dusky red (5 R 3/4); coarse pebbles to 

small boulders, well-rounded to sub-angular, poor 
sorting; matrix medium to coarse-grained quartzose 
sandstone, angular andvsub-angular; massive; wea
thers pale brown (5 YR 5/2) and moderate red 
(5 R 5/4). Cobbles and boulders are andesite, rnyo- 
lite, limestone, arkose, orthoquartzite and fragments
of the lower Cretaceous biostromes...... .............253

2. Crystal lithic tuff, white (N 9)» coarse sand size, 
sub-angular to angular, fair sorting; loosely cemen
ted with silica; thin to very thick-bedded; weathers 
white (N 9) with rusty streaks....................... .202

3. limestone breccia, black<(U 1); fine pebbles to large 
cobbles, angular to sub-rounded, poor sorting; blades 
and discs; matrix fine-grained calcareous sandstone, 
calcareous cement; massive; weathers black (N 1).
This unit is present only locally as lenses which".
are extremely variable in thickness.. ,v............ . .C25

4. Siltstone breccia, pale reddish brown (10 R 5/4) and 
moderate pink (5 R 7/4); fine pebbles to large cob
bles, angular to sub-rounded, poor sorting; blades 
and discs; matrix fine-grained quartzose sandstone, . 
siliceous cement; massive; weathers light red
(5 R 6/6) and pale reddish brown (10 R 5/4). This 
unit is present only locally as lenses which are ex
tremely variable in thickness......... ................11

5. Conglomerate, same as unit 1 except that no fragments 
of the biostromes were seen, and a few rounded boul
ders of the basal Cretaceous limestone conglomerate 
were noted near the top........................... .310

6. Interbedded sandstone, siltstone, and shale. Shale is 
black (H 1) and grayish olive (10 Y 4/2); fissile, 
siliceous. Siltstone is grayish olive (10 Y 4/2); 
laminated, siliceous, weathers pale red (10 R 6/2). 
Sandstone is grayish olive (10 Y 4/2) and pale red
dish brown (10 R 5/4); thin-bedded, siliceous, wea
thers moderate reddish orange (10 R 6/6)........... ...82

7. Conglomerate, same as unit 1.......................... .47
8. Conglomerate, pale olive (10 Y 6/2); small and large 

cobbles, well-rounded to sub-rounded, fair sorting; 
matrix medium or coarse-grained quartzose sandstone, 
sub-angular to angular; massive. The cobbles are ar
kose, orthoquartzite, and siltstone with an occasional 
plate of laminated black limestone.............. ......96

i
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9. Conglomerate, same as unit 1..........................75
10. Interbedded sandstone, siltstone and shale. The 

sandstone is pale red (10 R 6/2); angular to sub- 
angular, medium to coarse-grained; thin-bedded, 
siliceous. The siltstone and shale are black (N 1), 
grayish olive (10 Y 4/2) and moderate red (5 R 5/4); 
laminated; siliceous; weathers moderate orange pink
(10 R 7/4) and pale reddish brown (10 R 5/4)......... 64

11. Conglomerate, same as unit 1 except the boulders and
cobbles are coated with black manganese oxide. This 
unit is mostly covered with only an occasional out
crop, but float of the black-coated boulders and 
cobbles is abundant................................; 1045

12. Crystal lithic tuff, same as unit 2. This unit is
mostly covered.... ...........'.......... ........ .234

13. Agglomeratic crystal tuff, white (R 9)} coarse sand- 
size matrix is sub-angular to sub-rounded; fair sor
ting; friable, thin to very thick-bedded; weathers 
white (H 9); contains some lenses of conglomerate 
like unit 1 and some sandstone, siltstone and ar-
kose beds which are normally about 5 feet thick... 236

14. Conglomerate, same as unit 5 except the boulders of
basal:Cretaceous limestone conglomerate are very, 
abundant........................................ .....140

- V

15. Agglomeratic crystal tuff, same as unit 13 except only
interbeds of arkosic sandstone are present.......... 185

16. Conglomerate, same as unit 5........ ................ 141
17. Agglomeratic crystal tuff, same as unit 13 except

some of the beds are very dusky red purple (5 RP 2/2)' 
and the unit contains some lenses of conglomerate 
like unit 1 and some thin interbeds of arkosic sand
stone............ ............................... . .375

18. Conglomerate, same as unit 5 except the boulders of 
the basal Cretaceous limestone conglomerate are 
abundant and a few interbeds of crystal lithic tuff
are present........".... ............................ 108

19. Agglomeratic crystal tuff, same as unit 13 except the
interbeds of. clastic rocks are lacking..... ......... .14

20. Conglomerate, grayish olive (10 Y 4/2); small and 
large cobbles, well-rounded to sub-rounded, fair



sorting; matrix medium to coarse-grained quartzose 
sandstone, sub-angular to angular; massive; cobbles 
are arkose, orthoquartzite and siltstone with occa
sional plates of laminated black limestone. A few 
boulders of basal Cretaceous limestone conglomerate 
were noted. A few thin beds of quartzose and ar- 
kosic sandstone are present near the middle of the 
unit, and some thin beds of crystal tuff and purple 
andesite are at the top.............. ............... 205

21. Conglomerate, same as unit 1 with a few thin inter
beds of arkosic sandstone at the top..... ...........101

22. Conglomerate, same as unit 20............... ........18?
23. Conglomerate, same as unit 1 with some interbeds of

white crystal tuff near the top and some purple 
andesite flows near the middle........ ..............126

123

Total thickness 4262 
(in feet)
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Section II-Turney Ranch Formation

The section was measured along line B-B1 located in 
section 14, T. 18 S., R. 16 E, (Pig. 4). The base,of the 
section was placed at a strike fault which trends north- 
northwest. The bulk of the section west of this fault is 
covered although an occasional small outcrop of arkose or 
sandstone was seen. It was impossible to determine the po
sition in the sequence of any of these limited outcrops.
The section is overlain unconformably by the Hilton Ranch 
Conglomerate which, in this locality, is only 350 feet r  ̂
thick.

The section is described from top to bottom.
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1. Sandstone, pale yellowish brown (10 YR 6/2); medium

grained, rounded, good sorting; dense, siliceous ce
ment; cross-bedded, thick-bedded; pebble conglomerate 
lens at top; weathers grayish orange (10 YR 7/4)....... 3

2. Shale, dusky red (5 R 3/4); fissile, siliceous; con
tains 2 inch diameter round limy concretions; thin 
bentonitic layers..................................... .30

3. Sandstone, very light gray (N 8 ); medium to coarse
grained, angular to sub-rounded, fair sorting; sili
ceous cement; thick-bedded; weathers grayish orange
(10 YR 7/4) ............. .................. .........12

4. Shale, moderate red (5 R 4/6); fissile, siliceous;
weathers pale red (10 R 6/2 )....... ...................56

5. Arkoslc sandstone, grayish pink (5 R 8/2 ); medium
grained, sub-rounded to sub-angular, fair sorting; 
friable, siliceous cement; cross-bedded, thick-bed
ded; weathers' moderate orange pink (10 R 7/4)..... ....22

6 . Covered; probably shale or siltstone................. .,89
7. Sandstone, dusky red (5 R 3/4); medium to fine-grain

ed, sub-rounded to rounded, fair sorting; dense, si
liceous cement; thin lenses of conglomerate; thick- . 
bedded......... '..... .................................18

8 . Shale, pale green (10 G 6/2); fissile, siliceous;
weathers pale yellowish orange (10 YR 8/6 ); irregu
larly shaped calcareous concretions distributed 
throughout unit; some iron-stained.spots from aggrega
tion of limonite.... .................. 32

9. Covered........ ........................ ............. . .51
10. Sandstone; grayish orange (10 YR 7/4); medium-grained,

sub-rounded to sub-angular, fair sorting; friable, 
siliceous cement; thin-bedded; thin beds of shale 
distributed throughout' entire thickness..'........... .57

11. Siltstone and shale, grayish olive (10 Y 4/2); fis-:
sile, siliceous; weathers grayish yellow (5 Y 8/4); 
several thin bentonitic layers....................... ...8

12. Sandstone, white (N 9); coarse to medium grained, sub- 
angular to angular; fair sorting; dense, siliceous 
cement; cross-bedded, thin to thick-bedded..............12

13. Shale, pale green (10 G 6/2); fissile, siliceous;
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weathers grayish yellow (5 Y 8/4); sandy layers 
throughout........... ..................... ...........; 73

14. Covered.. .................. ............................ 27
15. Siltstone, dark reddish brown (10 R 3/4); laminated,

siliceous; weathers pale yellowish orange (10 YR 8/6); 
contains a few calcareous nodules...... ............... 23

16. Arkosic sandstone, pale yellowish orange (10 YR 8/6.); 
coarse-grained, sub-angular to angular, fair sorting; 
friable, very shaly; contains abundant silicified.
wood........        38

17. Mudstone, grayish green (5 G 5/2); siliceous; weathers
light brown (5 YR 5/6); very thin bedded, blocky frac
ture, bentonitic................    .7

18. Arkosic sandstone, white (H 9) and grayish orange
(10 YR 7/4); coarse-grained, sub-angular to sub
rounded, good sorting; dense, siliceous cement; con
tains silicified wood.........    ..17

19. Covered................................................ 130
20. Sandstone, pale brown (5 YR 5/2); fine to medium

grained, sub-angular to rounded, fair sorting; dense, 
siliceous cement; cross-bedded, thin to thick-bedded...24

21. Covered, probably shale or silt stone.  ............ 48
22. Sandstone, feldspathic, white (N 9); fine to coarse

grained, poor sorting, angular to sub-rounded; fria
ble, siliceous cement; thick-bedded..........26

23. Shale, moderate reddish brown (10 R 4/6); fissile,
siliceous; weathers grayish orange (10 YR 7/4); con
tains round calcareous nodules..... ...... .............50

24. Conglomerate, dark reddish brown (10 R 3/4) and pale
yellowish orange (10 YR 8/6); medium grained, poor • 
sorting, rounded to sub-rounded; weathers dark yellow
ish orange (10 YR 6/6),............... .............. .46

25. Covered......................... i......’. . ;*.73
26. Arkosic sandstone, grayish orange (10 YR 7/4); medium 

to coarse-grained, fair sorting, angular to sub-an--. 
gular; friable, siliceous cement; weathers grayish yel
low- (5 Y 8/4); cross-bedded, thin to thick bedded; 
contains silicified wood 50
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27. Sandstone, pale brown (5 YR 5/2); fine to medium- 

grained, sub-angular to angular, fair sorting; fri
able, siliceous cement; thin-bedded................. ...3

Total thickness 1012 
(in feet)
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Section IXI^Shelleburg Canyon Formation

This section.was measured along the line .0-0! in', 
sections 26 and 35# T. 18 S., R. 16 B. (Pig. 4), The sec
tion terminates at the base in alluvial cover in a wash. Be
neath this cover is the assumed location of one of the bran
ches of the Empire fault. The section is overlain unconfor- 
mably by Pliocene (?) basinfill.

The section is described from top to bottom.



1. Sandstone, yellowish gray (5 I 7/2); medium to coarse
grained, sub-angular to sub-rounded, fair sorting; 
well-cemented, siliceous cement; thick-bedded, cross- 
bedded; weathers moderate reddish brown (10 R 4/6).
This unit is mostly covered,........ ............... .160

2. Arkosic sandstone, moderate pink (5 R 7/4); medium
grained, sub-angular to sub-rounded, good sorting; 
well-cemented, calcareous cement; thin to thick- 
bedded, occasional graded bedding; weathering surface
is nodular................. ........................... 17

3. Sandstone, same as unit 1 except it contains a few
1 foot beds of light olive (10 Y 5/4) siltstone..... .94

4. Sandstone, same as unit 1  ..... .............. . 116
5. Sandstone, light red (5 R 6/6) and light (H 7); me

dium-grained, sub-angular to sub-rounded, good sor
ting; friable, calcareous cement; thin-bedded to 
very thin-bedded, cross-bedded; weathers light brown
(5 YR 5/6); weathering surface is nodular......... ...17

6. Covered....................... ............... ..... ,,55
7. Siltstone and shale, siltstone is light olive 

(10 Y 5/4); shale is grayish orange (10 YR 7/4); 
fissile, siliceous; weathers pale olive (10 Y 6/2)
and grayish orange (10 YR 7/4)....... ............... .10

8. Covered............................. .................. 51
9. Sandstone, light olive (10 Y 5/4); fine-grained, 

rounded to sub-rounded, good sorting; well-cemented, 
siliceous cement; thick-bedded; weathers pale olive
(10 Y 6/2)...............   15

10. Sandstone, light gray (NT); medium-grained; sub- '
angular to sub-rounded, good sorting; well-cemented, 
siliceous cement; thin to thick-bedded, cross-bed
ded; weathers medium gray (N 5)........ ............. .21

11. Sandstone, same as unit 9 except for some cross-bed-
ding. . ...........   12

12. Sandstone, same as unit 10 except for a coarsening"
upward; very coarse-grained at base and medium-' 
grained at top.............................    .36

15. Mostly covered; occasional outcrops of sandstone, 
light olive (10 Y 5/4)/ fine-grained, rounded to

129
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sub-rounded, good sorting; well-cemented, siliceous 
cement; thick-bedded; weathers pale olive (10 Y 6/2).193

14. Silts.tone, light olive (10 Y 5/4) and grayish orange 
(10 YR 7/4); fissile, siliceous; weathers same color; 
contains abundant calcareous concretions which are 
black (N 1) on fresh surfaces and weather moderate 
yellowish brown (10 YR 5/3); grades from siltstone 
at top to fine-grained sandstone at the base......... 16

15. Sandstone, pale olive (10 Y 6/2) and grayish orange 
(10 YR 7/4); fine-grained, rounded, good sorting; 
well-cemented, siliceous cement; very thin-bedded; 
color same on weathered-surface.............. ........35

16. Sandstone, same as unit 10................ . ;........ 21
17. Siltstone, same as unit 14....... ................... .86
18. Sandstone, dark gray (U 3) interbedded with silt-

stone, pale olive (10 Y 6/2) and grayish orange 
(10 YR 7/4); sandstone is medium to fine-grained, 
sub-rounded to sub-angular; thin-bedded, occasional
ly cross-bedded; weathers grayish orange (10 YR 7/4); 
siltstone is thin-bedded to thinly laminated; sili
ceous; contains occasional, calcareous concretions; 
this sequence is about 1/3 sandstone and 2/3 silt
stone, dinosaur remains 150 feet from top........... 665

19. Siltstone, very dark red (5 R 2/6); laminated and
very thin-bedded, calcareous; breaks down to shale 
with weathering; grayish orange (10 YR 7/4) and 
grayish orange pink ( 5 YR 7/2) on weathered sur
faces; contains internal casts of ostracods............5

20* Limestone, black (N 1); thin-bedded, dense, weathers 
grayish orange (10 YR 7/4); limestone composed of 
broken and altered fragments of pelecyp and gas
tropod shells; matrix is a fine-grained calcllutite; 
limestone in two beds, the bed at the top being 2 
feet thick and the bed at the base being 1 l/2 feet 
thick. The middle 4 1/2 feet is composed of moder
ate orange pink (10 R 7/4) and pale red (10 R 6/2) 
shale...... ..................... ......................8

21. Covered, float indicates that this is probably silt
stone.... .................. ........................... 1
Sandstone, light gray (N 7) interbedded with silt
stone, pinkish gray (5 YR 8/11); sandstone is arkosio, 
medium to coarse grained, sub-angular to sub-rounded,

\

22.
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fair sorting; slightly calcareous, thin to thick- 
bedded; weathers grayish orange (10 R 7/4); siltr-. 
stone is thinly laminated to very thin-bedded; 
slightly calcareous, weathers light olive (10 Y 5/4) 
and dusky red (5 R 3/4).......... ................,..290

25. limestone, same as unit 20..... ..;................ ....8
24. Sandstone, moderate brown (5 YR 3/4), interbedded 

with shale, light brown (5 YR 6/4); sandstone is ar- 
kosic, medium-grained, sub-angular, fair-sorted; 
siliceous, friable on weathered surface; weathers 
grayish orange (10 YR 7/4); shale is thinly lamlnat- .. 
ed, siliceous, weathers grayish orange (10 YR 7/4).
This unit contains fossil wood........................ 97

25. Arkosic sandstone, medium light gray (N 6), very 
coarse-grained, angular, fair sorting; thick to thin- 
bedded, well-cemented, siliceous; pebble conglomer
ate at base; weathers grayish orange (10 YR 7/4); 
contains silicified wood......... .... ...... . 32

26. Arkosic sandstone, same as unit 25 except contains 
much more silicified wood; many pieces being very, 
large...... .......................... ;........... .318

27. Arkosic sandstone, grayish olive (10 Y 4/2) and -
light gray (H 7); coarse-grained, angular, fair sort
ing; well-cemented, slightly calcareous; thin to 
thick-bedded; weathers grayish orange (10 YR 7/4) and 
dark yellowish orange (10 YR 6/6)......... ...... 145

28. Siltstone, moderate orange pink (5 YR 8/4) and light
gray (R 7); interbedded in lower 2/3 with limestone, 
dark gray (IT 5); silt stone is thinly laminated and . 
laminated; very calcareous; weathers moderate red
dish orange (10 R 6/6); limestone is thinly laminated; 
fetid; weathers pale reddish brown (10 R 5/4) and 
breaks' down into paper-thin plates with deep weather
ing.... .... ....................................92

Total thickness 2621 
(in feet)



APPENDIX B

The following traverse was made along line D-D', 
sections 17 and 20, T. 18 S., R. 17 E. (Pig. 4). This tra
verse was sampled for specimens which might show the most 
significant petrographic features without repetition. The 
intervals were not measured since they would he meaningless 
insofar as a stratigraphic sequence is concerned. The li
thologic descriptions are minimal since the intention was 
to study all the specimens in thin-section. The thin-sec- 
tions which are described in the text are so designated by 
number.

Willow Canyon Formation and Associated Intrusive
1. Calcareous arkose
2. Calcareous arkose 
3* Calcareous arkose
4. Rainvalley Formation (limestone); base of block
5. Rainvalley Formation (limestone); top of block
6 . Calcareous arkose, strongly altered
7. Calcareous arkose, strongly altered
8 . Shale, fractured; fractures filled with calcite and 

quarts
9. Lithic rhyolite tuff . •

10. Lithic crystal rhyolite, 7-3-4-10
11. Quartsose sandstone, 7-3-4-11 
- , 132



12. Lithie crystal rhyolite tuff, 7-3-4-12
13. Lithic crystal rhyolite tuff.
14. Lithic crystal rhyolite tuff
15. lithic crystal rhyolite tuff
16. Pyritic shale
17. Pyritio siltstone
18. Arkosic sandstone, PFB-2
19. Arkosic sandstone
20. Lithic crystal rhyolite tuff
2 1. Arkosic sandstone
2 2. Silty mudstone, PFB-3
23. Lithic crystal rhyolite tuff, slightly calcareous
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TE N TA TIV E  CORRELATION CHART OF SOME CRETACEOUS AND 
CRETACEOUS (?) FORMATIONS:IN SOUTHEASTERN, ARIZONA

Sec. 1 Sec. 2 Sec. 4 Sec. 4 Sec. 5
Adobe Canyon 

{Moran )

Empire Mountains 
(Moore -Schafroth)

Huachuca Mountains 
! Moran

Bisbee' I
(Ransotne- Stoyanow)

1*00'

lVC4l

teoo%

c- o o
C 1

Buff, cross—bedA#4 sandstons 
with intsrbsddsd siltstone and 
shale; non-marine; fosslll 
ferous.

Massive to thin-bedded, light 
Mvol Ls. gray limestone; marine; fos- siliferous.
lurol

li.

sl
I 1

Sfloce
5,060'

Red, buff, tan and white sand
stone, red and green shale, and 
gray sandy limestone; fosslli- ferous; marine.

Red shale and tan, buff and red 
sandstone; some foseillferoue 
limestone near top; non-marine 
at base and marine at top.
Maroon, brown and red sandstone 
and shale interbedded with con- 
glomerate which contains angu- 

Cfll- lar rook fragments derived 
from the underlying rooks; non- 
aarine, unfosslliferous.

to%y

14 To1

yro*

Interbedded dark gray sandstone 
and maroon siltstone and mudstone; 
non-marine, unfosslliferous.
Massive, red conglomerate with 
some buff sandstone in mid-sec
tion; non-marine, unfosslliferous.

Interbedded maroon, gray and 
brown sandstone, siltstone and
mudstone; two limestone beds in Whetstone Mountains 
100 feet; marine, feeslliferous CTvrrell ) at base. v y '

tooo*

IIo
i i—  o 
x°

Massive red conglomerate inter
bedded with purple andesite flows, 
white tuff, tan and buff sandstone, 
red and gray siltstone and shale, 
and containing lenses of siltstone 
and limestone breccia; some ande- 
sitlen agglomerate; non-marine, 
unfosslliferous.

Gray, fine-grained limestone with 
interbedded green, red and buff 

ro sandstone and mudstone; eight 
i oyster reefs in lower 410 feet;
_ marine, ,fosslllferous.

Red, brown and green sandstone 
and orthoquartzite with inter- 

cm bedded maroon mudstone; fdeeili- 
ferous limestone near top; upper 
half is marine and lower half is 
non-marine; fdssillferous in upper 
half and unfosslliferous in lower half.

l8Z261

Red and gray basal conglomerate 
with large angular and sub-angu
lar fragments from underlying 
rooks; matrix of dirty red to gray 
oalearenite; non—marine ̂ unfos— ~ slllferous.

3Z*.i' ' V v ' V j
zaco1

Interbedded sandstone and shal 
■ with gradation upward from sand- 

E oiT stone to shale; non-marine, ungos* silif erous.

Il
| I

Coarse cross-bedded impure 
white or light gray sandstonij: 
grades upward into maroon 
shale with scour and fill at 
top; same sequence again re
peats; non-marine; fresh
water fossils near base.

Co>%cou c 
3 OI!m Ll x:

CZ)

Light gray limestone beds 
interbedded with red, green 
and white sandstone, arkoee 
siltstone and shale; marine 
at base and lagoonal and non 
marine at top; fosslllferous

Apache Canyon 
Formation

Willow Canyon 
Formation

s,srd <

Dark gray, laminated limesto 
ne interbedded with gray and 
green sandstone and silt
stone; lagoonal.

Red and gray basal limestone 
conglomerate with red eal- 
oarenlte matrix; interbedded 
gray, green and buff arkose, 
siltstone, sandstone and 
shale; non-marine; fresh
water fossils near top.

fciso*

14̂10*

uooi.

•1744*

Biff or yellow sandstone 
and conglomerate; non- 
marine, tnfoesiliferous.

Co4-o
Ei-

® thick-bedded to 
c conglomerate and

aselve sand-
% stone of variable color, 
z texture and composition;
° non-marine, unfosslliferous.

•/

|i

Interbedded limestone, 
sandstone and shale; lagoo
nal or fresh-water;fos
slllf erous.
Maroon and gray conglomer
ate with green and brown 
sandstone; non-marine, 
unfosslliferous.

7.101'f

j? £ Cross-bedded white, gray 
gEred and green sandstone .1 
° o with maroon and green 
C T  silty sandstone; non- 
-t-marine, unfosslliferous.

Interbedded light gray, red and 
brown sandstone, arkose and silt- 
stone with some black oyster beds; 
dinosaur remains near top and fos
sil wood throughout section; non- 
marine .

Dark gray laminated limestone with 
red and brown siltstone and sand
stone; lagoonal; unfosslliferous 
except for algae at top.

Co>%c c o o
o

= o U.5

Lenses of red and gray limestone 
conglomerate at base; matrix is gray 
or red oalearenite; interbedded ar- . 
kose, sandstone, shale and mudstone 
of shades of red, green and brown; 
non-marine, unfosslliferous. ;

Don W. Schafroth

JX, 1



Figure 4
1 1 0 * 4 5

-3

R 16 E

/ v

\
/

v ; . *  ..............

R 17 E 35'

\
/

X-, ...rrx&r.\  x YT.VAv

• • • • ♦  » * « y * » * * * » » » * * * » » » * * # * *

r"

r

u

<J7

L v^*
}> l z, 'i' XI c

- ' / >  V >9V«

W M

^ ^  r

^.71 ^

, ^ i v =  i  X i f e

X3

^  r

a ;

m

I m ^ r n

n  r A"
S

"1.

y
:

QTa
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