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CRETACEOUS(?) STRATIGRAPHY OF THE 
SOUTHEAST FLANK OF THE EMPIRE MOUNTAINS 

PIMA COUNTY, ARIZONA
■by

Robert A. Moore

ABSTRACT

A probable minimum of 8,100 feet of Cretaceous (?) 
sandstones, siltstones, shales, conglomerates, and lime
stones lie disconformably on Upper Permian limestone on 
the southeast flank of the Empire Mountains. Two major 
units, the lower consisting of predominantly coarse elastics, 
and the upper consisting of finer grained elastics, may be 
separated. The section, while cut by numerous faults and 
fractures, is nearly complete except that some of the top 
beds are not exposed. Two main structural trends, north
west and north-south, are shown by the fracture pattern.

Vertebrate and invertebrate fossils of probable 
Upper Cretaceous age found to the south of the area, the 
nearness of. Upper Cretaceous rocks in the Santa Rita 
Mountains, and the relative distance of Lower Cretaceous 
Bisbee group from this area show that the probable age of 
these rocks is Upper Cretaceous.
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INTRODUCTION

Cretaceous (?) marine and nonmarine sedimentary 
rocks adjacent to the Empire Mountains, Pima County, 
Arizona, lie dieconformably on Upper Paleozoic limestones 
and include approximately 8,100 feet of sandstone, shale, 
siltstone, limestone, and conglomerate. The age of these 
rocks is not known but it is probable that the entire 
sequence represents Upper Cretaceous deposition. The 
environment of deposition of the sequence is uncertain 
but seems to represent shallow water marine conditions 
for the most part with periods of nonmarine deposition 
at irregular intervals.

In the present study a detailed section of the 
Cretaceous (?) rocks was measured between the Empire Moun
tains and Cienega Creek. A reconnaissance map (Plate I) 
of the entire Cretaceous(?) outcrop area was.compiled 
from aerial photographs. This map shows the general 
stratigraphy and structure of the Cretaceous (?) that 
flanks the Empire Mountains from the southern end of the 
range around to its northeastern flank. The geology was 
transferred from the photographs to an enlarged section 
of the United States Geological Survey topographic map 
of the Empire quadrangle. The original topographic map
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is at a scale of 1 to 62,500 at a contour interval of 
40 feet.

LOCATION AND ACCESSIBILITY

The area studied lies within sections 1, 2, 3, 
9, 10, 11, 12, 13, 14, and 15 of T. 18 S., R. 17 E. 
between the southeast flank of the Empire Mountains and 
Clenega Creek. Access to the area is gained by way of 
the Hilton Ranch road which leaves State Route 83 about 
eight miles south of Mountain View. This dirt road 
traverses the main ridge of the Empires and eventually 
swings north near the crest of the range and leads to 
the Hilton Ranch. From this dirt road a dry wash is 
followed east out of the mountains and into the area of 
study (see Plate I).

TOPOGRAPHY AND CLIMATE

Topographically, the area studied is one of low 
rounded hills with valleys of intermittent drainage 
between them. The elevation near the bottom, of the 
section, against the flank of the Empires, is approxi
mately 4,500 feet, while the elevation at Cienega Creek 
is near 4,200 feet. The Empire Mountains rise to 6,000 
feet and are orientated In a northeasterly direction.

As the area is higher in elevation than nearby 
true desert areas, the climate is slightly different.
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Although official records are not kept, it is believed 
that the summer temperatures, although uncomfortable, do 
not exceed 100 degrees. Winter temperatures are very 
comfortable. The maximum is near 75 degrees and the min
imum probably near 15 during the colder months.

During a moist year thunderstorms in the summer 
and snow in the winter are common. The area to the south, 
near Sonoita, recieves even more moisture as can be seen 
by the fact that Cienega Creek, which drains that area, 
flows the year around.

PREVIOUS WORK

Previous detailed work in this area is lacking.
F. W. Galbraith of the Geology Department, while studying 
the Empires proper, traversed the Cretaceous (?) section 
and described it briefly in 1949 and again in 1959. F. C. 
Schrader, while mainly interested in areas to the west, 
described in general the Cretaceous(?) rocks of the Empires. 
Others, such as Brennan (1957), Alexis (1939), and Gilling
ham (1936), worked in surrounding areas but did not study in 
detail the rocks this thesis is concerned with.

ACKNOWLEDGMENTS
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counsel of many people. Without the advice and help of
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STATEMENT OF PROBLEM

In past years it has heen the practice to corre
late the section of rocks in the Empire Mountains with the 
Lower Cretaceous Bisbee group (Ransome, 1904) southeast of 
the Empires near Bisbee, Arizona. Correlation of this 
sequence from Bisbee to the north and west is made diffi
cult by the lack of fossils, structural complexity and the 
absence of distinctive units. Clastic sequences that occur 
in the Patagonia and Huachuca Mountains, the Canelo Hills, 
the Tombstone area and the Empire Mountains are all similar 
and have been correlated with the Bisbee group. The rocks 
in these areas could have been deposited by a transgressing 
sea that advanced from the southeast from Mexico into Ari- 
■ zona (McKee, 1951)• The rocks near Bisbee are both marine 
.and continental. In the other areas the sections also re
present marine and continental rocks deposited near the shore 
of a sea, presumably the Bisbee sea. Locally, the name 
Bisbee formation has been applied to these rocks (Gilluly, 
1956; Brennan, 1957).

To the west and northwest of the Empire Mountains, 
in the Santa Rita and Tucson Mountains, Upper Cretaceous 
rocks have been mapped. West of the Empires Stoyanow (1949) 
described a thick sequence of largely nonmarine rocks he
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called the Sonolta group. Both Upper and Lower Cretaceous 
deposits occur In the Tucson Mountains, the Upper Cretaceous 
being wholly nonmarine (Brown, 1939).

South of the Empire Mountains, and In the same section 
of rocks that are described In this thesis, some vertebrate 
and Invertebrate fossils were recently found. The exact 
age of these fossils Is not known but It Is believed (Moore 
and Miller, I960) that an Upper Cretaceous age Is shown. 
Because the Empire Mountains are located In an area between 
datable sequences of Upper and Lower Cretaceous rocks, and 
because the fossil evidence in this area is not conclusive, 
the exact age of this section Is not known.

The environment of deposition of the Cretaceous (?) 
rocks In this area is not entirely known. As the section 
has been correlated with the Bisbee group, it was assumed 
that the rocks were deposited at the perimeter of the Bis
bee sea as it advanced from the southeast. Because this 
may not be entirely true, a problem arises. The associa
tion of graded bedding with cross-bedding and nonmarine 
units also complicates the study.
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PLATE II

•a :View of Clenega Creek Valley showing part of the Creta
ceous (?) section. Photo looking east from the southeast 
flank of the Empire Mountains.



REGIONAL SETTING

Cretaceous (?) rocks crop out on the southeast 
flank of the Empire Mountains and unconformably overlie 
Paleozoic limestones that form the Empire Mountains. The 
Cretaceous (?) is overlain by Tertiary basin fill material. 
Found to the north, and possibly occurring near the thesis 
area, is the Tertiary Pantano formation‘(Brennan, 1957).
The Cretaceous (?) rocks are folded into a large south 
plunging syncline with the axis of the syncline generally 
coinciding with Cienega Creek. The strike at the flank 
of the Empire Mountains is northeast and the dip rather 
steep to the east.

PRE-CRETACEOUS(?) ROCKS

The Pre-Cretaceous (?) rocks of the area Include 
Paleozoic marine limestones, shales and quartzites of the 
Cambrian, Devonian, Mississippian, Pennsylvanian and Permian 
periods and are located in the Empire Mountains proper 
(Galbraith, 1959).

The Upper Cambrian is represented by limestone, 
sandstone, shale and chert of the Abrigo formation. Max
imum thickness in this at*ea is 750 feet. A quartzite 
exposed between Pantano Hill and the Abrigo formation

9
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outcrop has been termed Bolaa(?), also of Cambrian age 
(Galbraith, 1959).

Upper Devonian Martin limestone is exposed on the 
west, north and east sides of the range. The thickness of 
the limestone ranges from 300 to 100 feet. Lower Mlsslssl- 
plan Escabrosa limestone, ranging from 200 to 600 feet 
thick,crops out on the south, west and north sides of the 
mountains.

Overlying the Escabrosa and separated by a dls- 
conformity, is the Pennsylvanian Horquilla formation.
The Horquilla consists of massive limestone alternating 
with shale and is 1,200 feet thick in the central part 
of the range thinning to 500 feet to the north. As the 
Earp and Colina formations as defined by Gllluly, Cooper 
and Williams (1954) are absent in the Empire Mountains, 
Galbraith (1959) terms the rocks that lie above the Hor
quilla the Andrada formation of Pennsylvanian and Permian 
age. The Andrada consists of shale, marl and some limestone 
and gypsum. It ranges in thickness from 300 to 1,500 feet 
being thickest in the central part of the mountains and 
thinning to the north.

Above the Andrada formation are the Permian Epitaph, 
Scherrer, Concha and ,,RainvalleyM formations. The combined 
formations range from 1,250 to 2,250 feet in thickness. The 
Scherrer formation is composed of two orthoquartzite members 
separated by massive limestone. The Concha formation
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consists of dark blue to gray limestone. The "Rainvalley” 
formation is composed of dolomitic limestone with a few 
beds of brown quartzite. Disconformable above the "Rain- 
valley" is the Cretaceous (?).

POST-CRETACEOUS (?) ROCKS

From oldest to youngest, the three units that make 
up the post-Cretaceous (?) rocks of the area are: (l) the
Pantano formation; (2) the Sonoita basin fill; and (3) 
Quaternary alluvium. Also, the general area was Intruded 
in probable post-Creataceous(?) time by numerous light 
colored rhyolite dikes (see Plate I).

The Pantano formation. The Miocene (?) Pantano . 
formation (Brennan, 1957) crops out north of the Empire 
Mountains in the Cienega Gap area. At the type section, 
along U. S . 80, 13,762 feet of section was measured. The 
Pantano consists of varying lithologies beginning with 
brown sandstones that grade into mudstones followed by an 
andesite flow. This is followed by sandstone, conglomerate 
and more andesite. This in turn is followed by sandstone, 
conglomerate,vmudstone,rmore sandstone and conglomerate 
and finally becomes fine-grained at the, top. Brennan did 
not find any fossils in the Pantano but correlated the 
formation with the Miocene Mineta formation (Chew, 1952) 
because of similarities in lithology and structural history 
and of andesites found in both formations. A wedge of well
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indurated conglomerate located near the mouth of Mattie Can
yon, southeast of the thesis area, could possibly be a rem
nant of the Pantano. This could mean that the Pantano cover
ed this area in Miocene times, being removed later by erosion.

The Sonoita basin fill. Lying with angular uncon
formity upon the Cretaceous (?) east of Cienega Creek and in 
areas to the south of the thesis area, is an undefined unit 
known in the field as the Sonoita basin fill. A Middle 
Pliocene age for this material is shown by a Neohioparian 
horse tooth from a well near Sonoita (Stirton, 1940). The 
thickness of the basin fill is not known. Vague bedding in 
some fine-grained material that can be seen in a road cut 
on State Route 83, suggests that this material was derived 
from the north. Contained in the fill material are fragments 
of volcanics, sedimentary and igneous rocks.

Quaternary alluvium. Alluvium in Cienega Creek and 
in dry washes tributary to it has been dated as Recent by 
archaeological material. In the valley of Cienega Creek some 
conglomeratic zones may represent an age somewhat older than 
Recent, probably Pleistocene. The thickness of the alluvium 
varies with the size of the stream in question. As Cienega 
Creek is the master stream in the area, all drainage is 
aligned toward it and as washes approach Cienega Creek they 
become wider and more choked with alluvium. Cienega Creek 
is nearly devoid of outcrops. In some areas, where the creek 
becomes constricted, Cretaceous (?) rocks are exposed.
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DESCRIPTION OF CRETACEOUS(?) ROCKS

The total thickness of the Cretaceous (?) rocks 
exposed on the southeast flank of the Empire Mountains 
is approximately 8,100 feet. As the thesis area is located 
on the west flank of the syncline near the nose of the 
structure, an unknown thickness of Cretaceous (?) may exist 
to the south under the alluvial cover.

In general, the entire section contains alter
nating sandstone, shale, siltstone, conglomerate, and lime
stone. Because of this, it is impossible to subdivide the 
section into definite units. However, two very general 
subdivisions may be made. The lower subdivision, approx
imately 4,000 feet thick, is entirely clastic and is pre
dominantly coarse. This unit contains the basal conglom
erate of the Cretaceous (?) section, sandstones, siltstones, 
shales, and conglomeratic zones. The upper unit is pre
dominantly clastic, contains more shale, fewer sandstones, 
and some limestones near the top.

One of the criteria used in southeastern Arizona 
to recognize the boundary between the Cretaceous and older 
rocks is a well defined basal conglomerate (Plate III). In 
this area, however, the presence of this conglomerate is 
the exception rather than the rule. In other areas, such 
as Bisbee, Arizona, the basal Glance conglomerate is every
where present. The conglomerate in the thesis area, where





PLATE III

Basal limestone conglomerate near access road. In this 
picture, cobbles are as large as 3 inches across. Photo
graph is in correct position.
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present, is a limestone conglomerate consisting of rounded 
to sub-rounded limestone and chert pebbles, cobbles, and a 
few boulders in a limey matrix. The presence of this con
glomerate in certain areas possibly is the result of deposi
tion in large channels. Where the limestone conglomerate 
is absent the basal unit lying disconformably on Paleozoic 
limestone is a red-brown sandy siltstone or slltstone that 
usually contains lenses of coarse material. Pebbles and 
smaller particles of limestone and chert make up the coarse 
zones.

On top of the basal member and making up the re
mainder of the first unit is an alternating sequence of 
clastic rocks with average thickness in the range of 20 
feet. The sandstones are for the most part medium to coarse
grained , gray to green in color, and may show graded bedding 
or cross-bedding or, in some cases, both (Plate TV). About 
one half of the members in the first unit are sandstones. 
Siltstones, making up approximately thirty per cent of the 
first unit, are mostly red, green or gray, contain shale 
lenses, and in some cases are sandy or contain very coarse 
zones. Red and green flssle shales make up the remaining 
twenty per cent of the first unit. The shales are usually 
very poorly exposed, show little or no bedding, and contain 
numerous concretions.

Very low in this section and contained in a red 
siltstone is a dark green andesite sill. The sill, 5 feet
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PLATE IV

A
Graded "bedding and cross-bedding in the same sample. 
bands are fine grains of magnetite. Black

B
Typical cross-bedded sandstone in middle part of section
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thick, was apparently intruded into the section before 
folding. Other similar intrusions can be seen in other 
areas.

The second, and younger, unit contains a less 
clastic assemblage. The lower part contains predominantly 
sandstone and shale and the upper part shale and limestone 
with a few sandstones. The individual units here are not 
as thick on the average as those in the lower section, 
averaging in the neighborhood of 10 feet thick. The sand
stones in the second unit are less graded and more thin- 
bedded. The limestones are very thin and incompetent.
These thin-bedded members have been crumpled during folding, 
in contrast to the enclosing shale units which behaved more 
competently (see Plate V). The shale members in the second 
unit are thicker and softer than those in the first unit. 
Good outcrops are lacking and the description of the shales 
is incomplete.

STRUCTURAL GEOLOGY

To the north of the Empire Mountains, sections of 
Cretaceous (?) and other rocks are bounded by faults. Com
plete sequences in normal stratigraphic order have not 
been found. Cretaceous (?) and Paleozoic rocks are also 
highly deformed west of the mountains, in the vicinity of 
Davidson Canyon. A relatively undisturbed section is found 
south of the mountains but is incomplete as an unknown
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PLATE V

A, B
Typical thin-bedded limestone in the top part of the 
Cretaceous (?) section. Both units surrounded by shale.



thickness of strata is covered "by Sonoita "basin fill. On 
the southeast flank of the range, where the thesis area is 
located, the sequence is nearly complete and detailed work 
can he done. . . .  .:

Structure of the Empire area. The northeast trend
ing Empire Mountains are.the main structural feature of the 
area. Normal faulting is evidenced on the north and south 
sides of the range, with an orderly arrangement of “beds on 
the east and southeast sides, and with nearly chaotic struc
tures on the west. Galbraith (1959) attributes the origin 
of the range to thrust faulting. - The thrust faults were 
mapped on the west side of the mountains, dipping to the 
southeast. Forces from the southeast presumably thrust the 
Paleozoics over the Cretaceous (?) forming the mountains.
The Empires, however, are in general an anticlinal feature 
with Tertiary quartz monzonite in the core. The presence of 
the monzonite, the orderly sequences on the southeast flank, 
and the structurally simple syncline f ormed in the Cretaceous (?) 
show that the Empires may have been domed rather than thrust 
into their present position.
“ To the north of the Total Wreck mine (see Plate X) 

is a large east-west normal fault that brings the Greta- 
ceous(?) in that area into contact with Paleozoic limestone.
This fault forms the northern limit of Total Wreck Ridge and 
in effect destroys the normal sequence in the Cretaceous (?).

19
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A northwest trending normal fault, the Hilton 
fault, forms the southern edge of the thesis area. The 
fault zone originates near the core of the Empires and 
terminates in the Cretaceous (?) section.

Structure in the thesis area. The main feature in 
this area is the large, gently plunging syncline. The thesis 
area is located in the west limb of the structure. The axis 
of the fold trends northeast, very nearly coinciding with 
Cienega Creek. Cretaceous (?) rocks are well exposed on the 
west limb but are covered in most places on the east limb. 
Southeast of the area of study Cretaceous (?) sediments can 
be seen through the cover of the Sonoita basin fill with the 
use of aerial photographs.

Folding of the Cretaceous (?) strata is shown by the 
changes in strike on the south and east sides of the Empire 
Mountains. South of the Empires the strike is nearly east- 
west but changes to northeast as the rocks swing to the north 
around the mountains to form the west limb of the syncline 
(see Plate I). The northeast strike continues to Cienega 
Creek, and then changes to northwest beyond the axis of the 
syncline.

Minor folding can be seen in many places. In most 
cases the folding is in the thin, incompetent limestones 
near the top of the section (Plate VI). This folding is 
due primarily to the fact that these units are located near 
the axis of the syncline and are surrounded by shale beds 
which acted as relatively competent Units.
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PLATE VI

A, B
Folded limestones in the top part of the section.
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, Folding due to faulting is present but not common.
In several places, near faults that had considerable move
ment, drag folding may be observed on aerial photographs.
On the northeast side of Sanford Canyon, in the SW^ of 
section 14 T. 18 S., R. 17 E., are some drag folds associ
ated with a large northwest-trending fault. The displace
ment along this fault, as indicated by some limestone beds, 
is approximately 1,000 feet. This is the largest fault in 
the area mapped. Drag folding associated with faults of 
lesser magnitude in other areas is correspondingly less.

Faults and fractures are common in the thesis area 
but deformation is generally slight except for the fault 
north of Sanford Canyon (see Plate I). On aerial photographs 
this fault seems to be a right lateral strike slip fault as 
indicated by the drag it produced.

The most striking feature of these faults and 
fractures is that they are aligned in two major directions. 
The dominant direction is northwest, the other north-south. 
The northwest trending features may be termed cross faults 
or fractures as they are transverse to the axis of the 
syncline.



AGE OF THE SECTION

Since the fossil record in and adjacent to the 
thesis area is practically non-existant and because almost 
every geologist who has ever worked in the area has had a 
different idea as to the age of this section, it is nec
essary to first review some of these ideas and discuss the 
problem in view of recent developments.

PREVIOUS WORK

F . L. Ransome in 1904 described a section of Lower 
Cretaceous rocks in the Bisbee, Arizona area. This section, 
definitely dated as Lower Cretaceous by fossil evidence, has 
been the basis for correlation of similar rocks in south
eastern Arizona.

The Bisbee group, as originally described by Ransome, 
contains the Glance conglomerate, the Morita formation, the 
Mural limestone, and the Cintura formation. The lower part 
of the Mural limestone was Included in the Lowell formation 
of Stoyanow (1949). Except for the Mural and Lowell lime
stones, the Empire Mountain section of rocks may seem to close
ly resemble the Bisbee group.

The limestone conglomerate that appears in places 
on the flanks of the Empires can be correlated with the

23
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Glance conglomerate. The Glance In the Blabee area rests 
unconformably on older rocks with Its composition generally 
reflecting the type of rock that It overlies. It averages 
about 60 feet thick and Is absent locally. The basal con
glomerate along the flanks of the Empires, where present,
Is similar. Brennan (1957) shows that to the north of the 
Empires the basal member of the Cretaceous (?) Is an arkoslc 
conglomerate derived from underlying granite. :

; The Morita formation consists of red shale and fine 
to coarse, red to brown sandstone, and a few limestone lenses. 
The Cintura is composed of a few impure limestones at the 
base with cross-bedded,'brown to red sandstone alternating 
with shales. It Is thought (Gilluly, 1956) that the lime
stone units pinch out to the north of the Bisbee area and 
that the Empire Mountains and other sections of Cretaceous (?) 
are equivalent to the Morita and Cintura.

F. C. Schrader (1915) briefly described the rocks 
overlying the Paleozoics on the east and south flanks of the 
Empires. Although he does not mention fossil evidence, the 
apparent lithologic similarity with the section at Bisbee 
caused him to correlate the Cienega Valley Cretaceous (?) 
with the Bisbee group. Schrader measured 300 feet of basal 
conglomerate in apparent depositions! contact with older 
formation on the east flank of the mountains. He writes 
that on the southern flank the contact cuts diagonally across
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the Paleozoic formations. To the west, near Davidson Canyon, 
he notes that the section is interbedded with lava flows.

At a later, date, Barton (1925) mentioned the Empire 
Mountains but apparently did no work there as he quoted 
Schrader's descriptions and used his Lower Cretaceous date 
for the section.

In 1957, D. J. Brennan, working in the Clenega Gap 
country north of the Empires, described a thick section of 
rocks that he termed Blsbee(?).formation. The section, 
Brennan found, was nowhere in normal stratigraphic position 
because of.,extensive faulting; the section was thrust into 
the area. He arrived at a total thickness of 15,000 feet 
but estimated that due to faulting the total thickness was 
nearer 8,000 to 10,000 feet.

. The basal member of Brennan's Bisbee(?) formation is 
an ai?kosic conglomerate overlying a granite. As a whole, 
the unit consists of weathered material from the granite 
and massive, well sorted sands and pebbles also derived from 
the granite. This basal member grades upward into approxi
mately 2,000 to 2,500 feet of alternating sands and shale of 
arkosic composition. A section of elastics consisting of - 
green sandstone and mudstone in another fault block presum
ably is the next sequence. This is followed by more than 
7,000 feet of alternating red sandstone and mudstone which 
near the top includes a pebble conglomerate and a dark 
colored oyster bed. Similar oyster beds have been reported



near the Total Wreck mine (Charles Fair, personal communi
cation) and have also "been noticed south of the thesis area 
hy the writer and others. Overlying the thick sequence of 
sandstone and mudstone Brennan mapped several thousand feet 
of pyroclastics and rhyolite flows.

Because there are no index fossils, Brennan dated 
this section almost entirely on the lithologic similarity 
"between it and the rocks of the Bishee and Tombstone areas. 
Brennan states that the oyster-rich limestone and extensive 
green sandstones indicate a Cretaceous-type deposit and 
warrant the name Bishee(?) formation.

Others working in and around the Empires have heen 
somewhat more cautious in their dating. Alberding in 1928, 
working in the northern Empire Mountains, labeled the sequence 
between the Paleozoic limestones and the "Gila" conglomerate 
the "Cretaceous series” . He found 100 to 150 feet of basal 
limestone conglomerate overlain by 820 feet of alternating 
sandstones and shales. Above this he mapped 2,000 feet of 
arkosic sands and shales.

T. E. Gillingham (1936), working in the California 
Mine, area on the northwest flank of the Empires, describes 
a Cretaceous (?) red shale" which is found in valleys eroded ' 
into the Paleozoic limestones. It averages 450 feet thick 
and is generally overlain by Tertiary conglomerate. West 
of this area Gillingham mapped about 500 feet of "undiffer
entiated Cretaceous". Arkosic sandstone is the most common
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rock in this section. Also found in the section are an . 
andesite flow and dark, thin beds of \mfossiliferous lime
stone. . . .

North of the Empires, in the Pantano Hill.area,
D. H. Sears (193.9) also mapped what was termed "Cretaceous(?) 
red shales" of varying thickness overlying the Permian. In
cluded in this section are shales, which are predominant, 
arkoses, conglomerates, and volcanic elastics. Because of 
the volcanic material Sears dated these rocks as Cretaceous. 
Stratlgraphically higher than the shale are some conglomerates 
that, Sears calls "Upper Cretaceous rocks". This is the first 
mention in the literature of any Upper Cretaceous rocks being 
present in this area. , , ,

Although Sears calls the conglomerates Upper Creta
ceous, he mentions that they may also be early Tertiary in 
age. The writer would be,more Inclined to call these rocks 
Tertiary than Upper Cretaceous. Reasons for this are that 
the conglomerates, a limestone conglomerate and a quartzite- 
granite pebble conglomerate, are the youngest rocks in the 
area; they overlie all.other rocks; and they are the most 
widespread. This suggests that they are possibly an equival
ent of either the Sonoita basin fill or the Pantano formation. 
He gives no thickness for these two units and states only 
that they occur in different areas with.a transitional zone 
present. , ... :
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C. 0. Alexis (1939) described a very interesting 
sequence of rocks Just to the southwest of the thesis area 
near Lead Mountain, a peak in the Empires. Lying dlscon
formably on a limestone probably equivalent to the Concha, 
is approximately 200 feet, locally missing, of clastic rocks 
he terms Cretaceous (?). At the contact with the Permian la 
a sandstone with a few'limestone pebbles at the base. Above 
the sandstone are cross-bedded sandstones alternating with 
shales, with a lenticular limestone near the top. - Overlying 
this is a quartzite conglomerate associated with lenses of 
sandstone and shale. : - - -

Lying above the sequence just described‘is a limestone 
conglomerate that Alexis calls "Upper Cretaceous". This con
glomerate, which also rests upon the Concha limestone in 
places, is the beginning of Upper Cretaceous deposition.
Alexis, because he did not do detailed work on these rocks, 
quoted W. H. Brown (1939) who described the section briefly 
and correlated it with the Upper Cretaceous Recreation red 
beds in the Tucson Mountains 50 miles to the northwest. It 
seems apparent, however, that since there is some question ' 
as to the correct age of the Recreation red beds and there is 
also some question concerning the-Cretaceous(?) in the Empires, 
that such a correlation is unwarranted.

In 1959 F. W. Galbraith, in a paper on the Geology of 
the Empire Mountains, briefly mentions the rocks‘overlying the
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Permian on the east flank of the mountains. Galbraith dates 
the beds as Cretaceous (?), as Is done In this thesis. He 
describes the section as a series of conglomerate, sandstone, 
shale, and limestone beds lying unconformably on deeply erod
ed Paleozoic rocks. The thickness of the section Is about 
8,700 feet.

. V. B. Fergusson (1959) also writes on the Empire 
Mountain section of Cretaceous (?). In the summer of 1958 
Fergusson and this writer made several trips to the present 
thesis area and measured 8,700 feet of Cretaceous (?) rocks 
by the plane table method. ’ However, without realizing It, 
we apparently measured across a repeated section giving us 
a higher figure than actually present. At that time we were 
both under the Impression that these rocks could be correlated 
with the Blsbee group and termed Blebee formation. Fergusson 
(1959, Figure 4B) shows the Empire Mountain section as the 
Blsbee formation In agreement with Brennan (1957).

However, because of additional evidence It now seems 
Impossible to refer to this sequence of rocks as Blsbee form
ation, which Implies a Lower Cretaceous age. Recent finds of 
fossils on the south flank of the mountains cast doubt on the 
Lower Cretaceous age of these sediments.

, RECENT WORK

Several years ago some large nodules containing dlno- 
saurlan bone fragments were found on the south flank of the
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•Empires by Mr. E. P. Hilton, a rancher in the area. The 
nodules were given to the University of Arizona and in the 
winter of 1958-1959 Mr. L. F . Brady of the Museum of Northern 
Arizona reassembled the bone fragments which enabled them to 
be identified tentatively as a complete right femur and two 
fragments of a left femur of a hadrosaurian-type dinosaur 
(Moore and Miller, I960).

Approximately 133 feet stratigraphlcally above the 
bed in which the dinosaur remains were found is a fossil 
bearing marine mudstone-limestone bed. Dr. J. F. Lance, . 
while in the field with Dr. H. W. Miller and the writer, 
found an internal cast of apelecypod believed to be a 
species of Crassatellltes (Moore and Miller, I960). Also, 
near this unit is found an oyster bed containing a hash of 
Invertebrate fossils which seem mainly to be a species of 
0strea(?) or possibly a relative of Nucula. This unit seems 
to be similar to the one described by Brennan north of the 
mountains.

Crassatellltes occurs in rocks of Upper Cretaceous 
to Recent in age. If the identification of the fossil 
specimen from the Empire Mountains is correct, a Lower 
Cretaceous age for these sediments is precluded. A Lunatla- 
type gastropod, found with Crassatellltes(?). can either be 
Lower or Upper.Cretaceous or younger. The presence of dino
saur remains, however, proves that these rocks can be no 
younger than Cretaceous. Therefore, the age of this particular
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section Is Upper Cretaceous If Craasatellltes Is properly 
identified.

The section in which these fossils occur has not 
been definitely correlated around the flank of the Empires 
to the thesis area (see Plate I). This Is due to the fact 
that the fossiliferous section is faulted and locally covered 
with float material from the Tertiary Sonoita basin fill. 
Further work is needed to establish the exact relationship 
of the dinosaur bearing beds to those in the thesis area. 
However, the lithologic similarity, of rocks on the south and 
east sides of the Empires, and the apparent structural con
tinuity between the two areas (Plate l) make it almost cer
tain that the exposures represent essentially one sequence of 
deposition.

PROBABLE AGE OF THE ROCKS IN 
THE MEASURED SECTION

If it is true that the rocks of probable Upper. 
Cretaceous age can be identified in the thesis area, then 
it follows that at least part of the section there is Upper 
Cretaceous. However, as this correlation has not been 
demonstrated, the age of the rocks in the thesis area re
mains Indoubt. There are several possibilities: (l) that
the entire section is Upper Cretaceous; (2) that the lower 
part is Lower Cretaceous and that there was continuous de
position into Upper Cretaceous so that both are present;



(3) that the dinosaur and pelecypos bearing rocks south of 
the Empires cannot be correlated into the thesis area and 
that the entire section may be Lower Cretaceous; (4) that 
besides these possibilities, the lower part of the section, 
especially at the contact with the Paleozoic, may be older 
than Cretaceous; and (5) regardless of the age of rocks 
lower in the section, the uppermost sediments may be Ter- • 
tiary in age. : ' v ' ' ' c; ■

1. It is quite possible that the fossiliferous beds 
to the south can be mapped into the thesis area, low in the 
section. If this is true, then the entire group of rocks now 
mapped as Cretaceous (?) would very likely be Upper Cretaceous. 
To the west, in the Santa Rita Mountains, Stoyanow (1949) 
described a thick Upper Cretaceous sequence. If there is an 
Upper Cretaceous section in the Santa Ritas, there is a good 
chance that it appears in the Empire Mountains a few miles
to the east. Therefore, the writer suggests that the most 
probable true age for the entire sequence is * Upper Cretaceous.

2. If a datable sequence were to be correlated into 
the upper one-half of the section on the southeast flank of 
the Empires, the age of rocks below this sequence would 
present a problem. In a thick section of rocks like this
it may be possible that the lower part, starting at the con
tact with the Paleozoic, could mark the beginning of Lower 
Cretaceous deposition with continuous gradation into Upper 
Cretaceous. Stratigraphically, the dividing line between
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Lower and Upper Cretaceous would "be nearly impossible to find 
unless there were fossil evidence or some major lithologic 
difference between the two, which there does not appear to be.

3. ; The third possibility, that the entire section 
be Lower Cretaceous in age, is unlikely. As can be seen 
from Plate I, the rock units that flank the Empires, from the 
south around to the east appear to represent parts of a con
tinuous sedimentary sequence which would include some probable 
Upper Cretaceous rocks on the southeast flank. Also, the 
correlation of the Cienega Creek section with the Blsbee 
Lower Cretaceous section is based on no fossil evidence.

4. Regardless of the age of the rocks in the middle 
and upper parts of the sequence, it is very possible that 
the extreme lower part of the section may be older than 
Cretaceous. However, since no Triassic or Jurassic rocks 
have ever been reported:in southeastern Arizona, the chance 
that basal members of the Cretaceous (?) rocks in the Empire 
Mountains are Triassic or Jurassic is slight.

5. If the dinosaur bearing beds are fairly low in 
the total section, upper beds may extend into Tertiary time. 
There is no reason to believe that sedimentation of this 
particular area was terminated at the end of the Cretaceous.
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.. HISTORY OF-DEPOSITION ..

The history of deposition of this sequence"of Creta
ceous (?) rocks is complicated. The scanty fossil and litho
logic evidence available does not point to any single En
vironment of deposition.

The lower half of the section offers many interest
ing problems. Many of the sandstones in the lower part show 
graded bedding suggestive of a Flysch-type deposit. A Flysch- 
type facies (DeSitter, 1956) is characterized by its detrltal 
contents which result in an alternation of micaceous shales 
and sandstones with very rare limestones and marls. It is 
usually a thick sequence laid down in rather deep water. The 
sandstones are often graded, cross-bedding and ripple marks 
are rare, and the sequence is usually barren of fossils. All 
these criteria seem to fit with observations in the field ex
cept that cross-bedding is not especially rare here.

Graded bedding can occur in several ways (Weller, I960) 
The most popular concept is that turbidity currents caused a 
gradation in grain-size in a single unit of rock. These 
currents are water currents so heavily laden with suspended ‘ 
matter that the high density of the mass causes the current 
to flow downward along the slope of the bottom of a body of 
water depositing the coarser particles first.

■■■' - - ■ ' ' ' 3 4  "  "  : '
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Graded 'beds may also "be produced "by the differential 
settling In calm water of Intermittently supplied sediment 
no matter what its source. The sediment may he supplied in 
the usual manner by streams or it may be stirred from the sea 
bottom by waves. Too, laboratory experiments show that the 
grading of fine-grained material may be caused by the differ
ential settling of larger particles in an uncompacted sediment 
(Weller, I960).

Deposition by currents of decreasing velocity may 
also be a cause. This type of delivery would deposit coarse 
material at first and then as the current decreased in com
petence finer material would be deposited on top. This type 
of bedding may be prominent in fluvial deposits or may result 
from slackening currents in,standing water.

Therefore, because graded beds may be produced by 
so many processes, one would hesitate to term this sequence 
of deposition Flysch-type on this basis alone. It is evident, 
however, that the lower-half of the sequence, when all things 
are taken into consideration, may fit the Flysch-type concept 
even though there may be doubt as to the cause of the graded 
beds. In typical Flysch-type deposits, limestones,, marls, 
fossils, and ripple.marks are rare, if not absent altogether. 
The lower part of the Cretaceous (?) section is devoid of all 
these things as far as the writer can tell. Also, a Flysch- 
type sequence is thick and alternation of sandstone and 
shale is prevalent. This part of the definition also holds



36

true for this part of the section; Present is a monotonous 
repetition of clastic material in which none of the units are 
very thick but which together form a rather thick sequence. 
There are, however, several things that would seem to dis
credit a Flysch-type environment. Cross-bedding is supposedly 
rare in this type of deposit. In the lower half of the Greta-

s
ceous(?) section cross-bedding is rather common. In one 
Instance, for example, a cross-bed was found between two 
separate graded zones, about two inches apart, in the same 
specimen. Because cross-beds are characteristic of rapid, 
shallow-water deposition, it would seem that the graded bed
ding was formed in some manner other than by turbidity currents 
associated with a Flysch-type environment and that this part 
of the deposit is of shallow water origin. It is difficult, 
however, to explain the lack of fossils and the absence of 
limestone unless fossils do exist and deposition was too rapid 
for the formation of limestone.

Another oddity concerning this, and other parts of 
the section, is that some of the siltstones and shales appear 
to be terrestrial in origin. In the middle of the measured, 
section, and also to the south, there are beds in which fossil 
wood has been found. This would Indicate beds of terrestrial 
origin in those areas. The presence of a probable hadrosaur- 
ian dinosaur in beds south of the Empire Mountains may also 
indicate a nonmarine environment as this type of dinosaur spent 
much of its time on land. The further presence of marine
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pelecypods suggests near shore conditions. Some other units, 
however, cannot he termed marine or nonmarine with any cer- 
tainty. If some of these units are terrestrial, the conclu
sion that one could draw is that there was rapid, pulsating 
depositions in which the majority of the units are of shallow 
water marine origin while others may or may not he suhr-aerial.

In the upper half of the sequence a different and 
more readily interpretahle history of deposition exists. In 
this part of the section shales become more dominant, sand
stones farther apart, and finally near the top, limestone 
beds are present. This would seem to he a marine shallow- 
water sequence. The sandstones are less graded and more 
cross-bedded, limey shales and mudstones are frequent, thin 
limestones, at least one of which contains snails, and ripple 
marked sandstones are present (Plate VII).

A limey bed near the top of the section contains 
snails closely resembling the genus Viviparus, which is 
generally a fresh water form. The specimens are poorly pre
served and might rather represent Nerinia, a marine form. If, 
however, the snail is Viviparus and the bed it comes from is 
lacustrine in origin, then doubt would arise as to the marine 
nature of the surrounding rocks. However, the likelihood 
that the section is nonmarine is small. The fossiliferous 
rocks south of the Empires are in part marine and it is a 
good probability that the snail is a marine form also.
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PLATE VII

Ripple-marked fine-grained sandstone in top part of 
the section. Pen is placed for use as scale.
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Therefore, it must be assumed at this time that the 
Cretaceous (?) section on.the southeast flank of the Empire 
Mountains represents a sequence of marine shallow water 
deposition with several short periods of a nonmarine environ
ment present.



CONCLUSIONS

1. The Empire Mountain section of the Cretaceous (?) 
cannot be correlated with the Lower Cretaceous Bisbee group.

2. Although the absolute age of these rocks cannot 
be demonstrated at this time, the probable age of the entire 
section is Upper Cretaceous.

3. The Cretaceous (?) section is a result of rapid, 
near shore marine deposition coupled with short periods of 
deposition in a sub-aerial environment.

4. Two units, the lower, approximately 4,000 feet 
thick, consisting mainly of coarse elastics, and the upper, 
consisting of finer elastics and some limestone, can be 
separated.
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APPENDIX

DESCRIPTION OF MEASURED SECTION 

Starting with the youngest beds.

Number of Unit Thickness
(in feet)

1. Shale and limestone; undifferentiated
because of lack of good outcrops.......... 937

2. Limestone, gray, thin-bedded to lamin
ated v;.    ...... .................... 9*5

3. Limestone, red to gray-brown, thin-bedded to laminated; contains shale units.... 53
4. Sandstone,;brown, medium grained, non-

calcareous, bedding obscure............. 16
5. Limestone, gray, medium-bedded; includes

a covered Interval........................ 22
6. Shale, red, very thin-bedded; calcareous.. 19
7. Sandstone, brown, fine-grained, non-

calcareous; contains some dark shale.....  27
8. Shale, yellow to brown, thin-bedded to

laminated, calcareous...................     39
9• Limestone, gray, very thin-bedded ......... 3

10. Shale, red, bedding obscure; section
contains some friable calcareous sandstone 20

11. Shale or mudstone, red to gray, very
thin-bedded...........___................

12. Covered.................................
13* Sandstone, yellow to brown, medium-bedded,

calcareous, shale laminations............. 20
14. Shale (?) . Covered......    10
15* Sandstone, gray-brown, thick-bedded,

medium-grained............................ 22
16. Partly covered; mostly shale with several

medium-grained sandstones..... 123
17. Sandstone, brown, thin-bedded, medium

grained, calcareous....................... 1
18. Shale, tan, limey, thin-bedded to laminated 11
19 * Limestone, yellow, thin-bedded............ 1
20. Sandstone, red-brown, thick-bedded, medium 

grained, n o n - c a l c a r e o u s 4
21. Shale(?). Covered ........................ 47
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22. Limestone, gray to browri, thlri-bedded
to very thln-hedded; with some shale....  16

23. Limestone, dark gray, coarse, thin to
very thin-bedded......................... 16

24. Limestone, light gray, very thin-bedded
to laminated; with some shale(?)......... 81

25. Shale, verigated (yellow, red, and gray),
laminated...........................   5

26. Shale, and limestone, gray to brown, very
thin-bedded to laminated...... ..........

27. Mudstone, brown, very thin-bedded........
28. Shale, gray, thin-bedded to laminated;

section contains some thin limestones.... 48
29. Shale arid limestone series: shale dark

and soft; limestone black to gray, thin- 
bedded; section contains gypsum which 
appears very white on aerial photographs. 135

30. Limestone and shale: shale dark and part
ially covered; limestone dark gray, thin- 
bedded to laminated...................... 28

31. Limestone, gray to white, very thin- .
bedded...... .......... . 1

32. Shale and limestone: shale dark, mostly
covered; limestone light gray, laminated. 23

33. Shale, yellow to red, fissle, very thin-
bedded. ....................   24

34. Limestone, weathers red, gray in fresh
pieces , thin-bedded......... . 1.5

35. Shale, light to dark gray, thin-bedded to
laminated; section contains some thin- 
bedded limestones.......  42

36. Mudstone, light gray, medium-bedded...... 1
37. Limestone and limey shale sequence: lime

stone gray, thin-bedded; shale red, thin- 
bedded ................................ ... 66

38. Sandstone, gray, fine-grained, thin-bed
ded, calcareous cement......*............ 2

39* Shale, red and gray, very calcareous,
thin-bedded___ __________...----......... 32

40. Sandstone, gray, very fine-grained, cal
careous cement....................   1

41. Covered. Probably dark shale............ 21
42. Sandstone, light brown, medium-grained,

thin-bedded, calcareous cement; some thin 
shales at the top..... . 23

43. Shale and sandstone: sandstone gray,
medium-grained, calcareous; shale red, 
bedding obscure......... . 16

44. Sandstone, light gray, medium-grained,
thin-bedded, calcareous cement........... 2
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Thickness

45. Shale (?) , red..... ........................ 16
46. Sandstone, red-brown, fine-grained, ■

thln-bedded , calcareous cement............. 1
47. Covered.............................. 9
48. Sandstone, light gray to brown, medium- • 

grained, thin-bedded , calcareous cement....
49. Shale, red, flssle.........................
50. Sandstone, purple, fine-grained, thin-

bedded , calcareous cement..............
51. Shale, red and white, very thin-bedded.....
52. Mudstone, red, thln-bedded, calcareous....
53. Siltstone, red, calcareous, thln-bedded;

section contains some red shale.......... .
54. Limestone, gray, banded, very thln-bedded..
55. Shale, red, laminated, calcareous..........
56. Siltstone, brown, thln-bedded, calcareous..
57. Shale, red; siltstone, green.......... .
58. Sandstone, tan, very fine-grained, thick-

bedded , calcareous.......
59« Shale, red, laminated....................
60. Limestone, black, thln-bedded..............
61. Shale, red, thln-bedded, soft.....
62. Siltstone, red, thin-bedded, calcareous....
63. Shale, red, thln-bedded............ .
64. Sands tone, light brown, very fine-grained, 

calcareous cement..........................
65. Shale, gray, calcareous.............
66. Sandstone, light gray, fine-grained,thln-

bedded , calcareous cement..... 1...........
67. Shale and limestone: shale red and thln-

bedded; limestone black and laminated.....
68. Limestone, black, thln-bedded..............
69. Shale, red to green, thln-bedded, calcar

eous ......................... .........
70. Siltstone, red, thln-bedded................
71. Shale, green; c o v e r e d . . . . ........
72. Limestone, gray, very thln-bedded, re

sistant. .............. .....................
73. Covered ..........................
74. Siltstone, green-gray, thin-bedded,

slightly calcareous........... ..........
75• Shale, gray, thln-bedded; with some green 

siltstone................. .
76. Siltstone, green............. .............
77. Sandstone, light gray, medium-grained,

calcareous cement..........................
78. Shale, red, thln-bedded....... ........... » ••
79. Siltstone, brown........................... '
80. Shale, green, thin-bedded..................
81. Siltstone, green, thin-bedded..............
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•: Thickness
82. Shale, brown, thin-bedded ................. 7
83. Sandstone, brown, thin-bedded, fine

grained . calcareous cement................ 2
84. Shale(?} . Covered......... 28
85. Limestone, gray to black, thin-bedded,

very hard at the top; with shale, black... 5
86. Shale, green, thin-bedded........... 12
87. Sandstone, light brown, very fine-

grained , calcareous cement................ 5
88. : Shale (?). Covered........ ............... 4
89. Siltstone, green, thin-bedded, calcareous;

/ with thin green shale......... 7
90. / Sandstone, light gray, medium-grained,

thick-bedded, calcareous cement....;.....  2
91.i Siltstone and shale: both green and '

i gray, bedding obscure................... 21
92. Sandstone with siltstone: sandstone brown,

fine to medium-grained, thick-bedded, 
calcareous cement; siltstone brown, thin- 
bedded.................................... 28

93. Sandstone, brown, fine-grained, thin-bed-
ded, calcareous cement........  9

94. Shale , green, bedding obscure..... . 16
95. Limestone, gray, very thin-bedded..... . 1
96. Shale and mudstone: shale green and red;

mud atone brown, between shales......... 4397. ;. Sandstone, green, thin-bedded, medium
grained , soft, calcareous cement.......... 2

98. Sandstone, red-brown, thin-bedded, finer
grained, non-calcareous; spheroidal 
weathering.... ......     8

99. Covered. Unknown thicknesses of shale,
mudstone, and sandstone.......... . 109

100. Sandstone, green, very fine-grained, 
calcareous cement; weathers to red;
(coarser upward).........  14

101. Covered. Probably contains some sand
stone , shale, and mudstone................ 40

102. Sandstone, gray, thin-bedded, fine- '
grained , non-calcareous. cement ... .......... 3

103 . Shale, red, bedding uncertain............. 8
104. Sandstone, gray-green, thin-bedded, fine

grained , non-calcareous............   4
105. Shale, red, bedding obscure; included are

a thin, gray limestone and a thin, gray 
mudstone.........    60

106. Mudstone, gray, slightly calcareous;
weathers to a yellow-white; very distinc
tive unit..........     5

45
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Thickness

107. Covered. Incomplete units of shale
and mudstone...................   112

108. Sandstone, gray, massive, very fine
grained, calcareous cement; weathers
to green.................................... 1

109. Shale, red and gray, "bedding uncertain...... 35
110. Sandstone, gray, very fine-grained, slight

ly, calcareous . .......  2
111. Shale(7). Covered.........................  25
112. Sandstone, green, thln-bedded, medium-

grained , slightly calcareous, mottled 
appearance................. v................ 2.5

113. Shale , red to gray.... ......  11
114. Bedded calcite, white, crystalline; very

distinctive unit........... 0.5
115. Shale, green................................' 5
116. Sandstone, gray, massive, fine-grained,

calcareous cement...........................
117• Shale (?). Covered......... .
118. Sandstone, green to gray, thin to thick- 

bedded, fine to medium grained, calcareous
119. Shale, gray; brown siltstone near middle....120. Shale(?J with limey mudstone at the top..... 14
121. Sandstone sequence: gray to green, massive,

fine-grained at the top, coarser at the 
bottom...................  11

122. Shale, red, soft.................. 4l
123. Sandstone, green, thin-bedded, fine

grained, calcareous cement..... 12
124. Sandstone, white, cross-bedded, coarse

grained , calcareous cement.................. 21
125. Shale, red; section covered................. 3
126.. Sandstone, brown, thick to thin-bedded, fine

to medium-grained, calcareous; graded from
fine at the top to coarse at the bottom..... 10

127. Shale, red, soft; siltstone lens near the top 37
128. Sandstone, brown, thln-bedded, fine-grained

near bottom, medium-grained at the top, cal
careous ..................................... 8

129. Covered...... . 5
130. Sandstone, pink, massive, fine-grained, cal

careous..... .............   2
131. Shale(?). Covered........ . 13
132. Sandstone, mottled brown-gray, thln-bedded,

cross-bedded in part, bottom coarse grained 
and friable, top hard and fine grained, 
slightly calcareous.... .....    20

133. Shale, brown, silty.........."..............  33
134. Sandstone, light brown, thick-bedded,

medium grained, calcareous cement, mottled.. 6

vo 
m 
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Thickness

135• Shale , green and brown, bedding obscure.....  12
136. Sandstone, green, massive, fine-grained,

calcareous........       1
137. Shale (?). Covered.... .................... 16
138. Sandstone, brown, thick-bedded, medium to

coarse-grained, calcareous cement...........  3
139. Shale, brown, sandy, very thin-bedded........ 25
140. Sandstone, light brown, friable, medium to

coarse-grained, calcareous cement; sedimentary 
pyrite............................ .......... 1

141. Covered................................. 47
142. Sandstone, gray to green, thin-bedded, cross-

bedded near bottom, fine-grained, slightly cal
careous; sedimentary pyrite.................. 7

143. Shale, green, fractured.......... ........... 20
144. Siltstone, green, massive; altered sediment

ary pyrite.......  .... ....... 1
145. Shale, green, bedding obscure........ . 15
146. Sandstone, green, thin to thick-bedded, some

cross-bedding, fine-grained; sedimentary 
pyrite.. ..................................... 3

147. Covered.... ..............    30 .
148. Sandstone, white, thin-bedded, finely cross- 

bedded near top, medium to fine-grained...... 3
149. Shale (?). Covered....... ............... 19
150. Sandstone, gray to green, thin-bedded to

massive, some cross-beds, very fine-grained, 
slightly calcareous; sedimentary pyrite...... 3

151• Siltstone sequence including brown shale,
and thin, very fine-grained, green, calcar
eous sandstone.....  45

152. Sandstone, white to green, massive to thick-
bedded, friable, cross-bedded where massive, 
medium to coarse-grained; contains concretions 
that give a mottled appearance............... 54

153. Section covered by float material from unit •
152 .... .. ..... .... . ... ................ 13

154. Sandstone, brown, thin to thick-bedded, 
medium-grained , slightly calcareous; black • 
magnetite bands that separate graded zones... 16

155. Shale, brown, bedding uncertain.............. 9
156. Sandstone, white, friable, medium-grained,

very calcareous; frosted grains.............. 2
157. Shale , light gray........     14
158. Sandstone, "gray to green, cross-bedded, fine

grained, calcareous cement; very hard; mot
tled appearance.............................. l

159. Shale, very light gray, soft; shows as a
light streak on a photograph..... . 26

1
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Thickness
160. Sandstone, green, bedding obscure, fine

grained, calcareous cement.........•...........
161. Shale(?). Covered............ ............
162. Sandstone, white, thick-bedded to massive,

medium to fine-grained, non-calcareous; 
sedimentary pyrite......... ...................

163. Shale(?); outcrops covered; valley former......
164. Sandstone, green, thin to thick-bedded, fine

to medium-grained, calcareous cement; mot
tled appearance; sedimentary pyrite............

165. Shale (?); valley former........... ............
166. Sandstone, gray, thin-bedded, fine-grained,

calcareous cement; sedimentary pyrite..........
167. Shale, brown to green.........................
168. Sandstone, dark green, cross-bedded, fine

grained, slightly calcareous...................
169. Shale (?). Covered............... .........
170. Sandstone sequence; green, massive, very

fine-grained, calcareous cement; white, 
thin-bedded, medium-grained, calcareous; 
green, thin-bedded, fine-grained...............

171. Shale, green, soft, fissle.....................
172. Sandstone, green, massive, fine-grained,

calcareous cement..............................
173. Shale (?). Covered.............................
174. Sandstone, green, thin-bedded, medium-,...

grained, calcareous cement; some cross-. ,
bedding........................................

175. Covered. Unknown thickness of gray, medium-
grained , thin-bedded sandstone.................

176. Sandstone, white, friable, fine to medium-
grained, calcareous cement; graded, finer 
grained near the top.............. .............

177. Sandstone, gray, massive, fine-grained, cal-.
careous cement.................................

178. Shale, green, bedding uncertain..... .
179. Sandstone, green, bedding obscure, fine

grained , non-calcareous; sedimentary■pyrite
180. Shale, green to brown, soft, fissle...........
181. Sandstone, green, massive, fine-grained,

slightly calcareous; sedimentary pyrite.......
182. Shale, red; covered by float material.........
183. Sandstone, gray to green, thin to thick-bedded,

fine-grained, slightly calcareous..............
184. Slltstone and shale, green; section fractured..
185. Sandstone, white, friable, coarse-grained,

calcareous cement.......... ...................
186. Shale, covered by stream gravels.... ..........

14
12

8
10

34
10
8
19
510

96
2
7

4
40

8
2
2
218
310
5
53
2
25
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187. Sandstone, Epceen to gray, thin-bedded, fine
grained, non-calcareous; bands of magnetite;

: sedimentary pyrite........ ............... 1
188. Shale,green, with green sandy siltstone...... 24
189. Sandstone, green, thin-bedded, very fine

grained , slightly calcareous; very finely 
cross-bedded.................. ............. 9

190. Shale, green, fissle............ ......... 12
191. Sandstone, gray, massive, cross-bedded, and

thin-bedded, medium to coarse-grained, cal
careous cement; graded .......... ......... 30

192. Shale , green, bedding obscure................ 29
193. Sandstone, white and green, massive, medium

to fine-grained, calcareous cement......... 31
194. Shale (?).. Covered........................... 3
195- Sandstone, graded; white to green, massive

to thick-bedded, medium to coarse-grained, 
calcareous cement..... ................... 23

196. Shale, red , fissle...... .................’... 13
197. Sandstone and siltstone: sandstone gray, thin-

bedded, fine-grained, arkosic, finely cross- 
bedded; siltstone, gray, bedding uncertain; 
several members, each 2 to 4 feet thick...... 32

198. Siltstone, green; undulating contact between 
this unit and unit no. 197> sandy zone in
the middle.......... ........................ 14

199. Covered, no outcrops......................... 50
200. Sandstone, white, thin-bedded, medium-grained,

calcareous cement...............  8
201. Siltstone, dark gray, sandy........ . 12
202. Sandstone, gray to green, massive to thin-

bedded, medium to coarse-grained, calcareous 
cement; mottled appearance near the top...... 27

2Q3. Shale, brown, bedding obscure ....... ....... 20
204. Sandstone, light gray, massive to thick-bed

ded upward, medium-grained, non-calcareous;
coarse lenses; green colored upward.........  21

205. Shale, brown to red, bedding obscure; most of
section covered.... ........     28

206. Sandstone, green to white, massive, very fine
to medium-grained, calcareous cement; sediment
ary pyrite in upper part.......... ........... 13

207. Sandstone, green, bedding obscure, medium- 
grained, non-calcareous; cross-bedded at the
top; some sedimentary pyrite.................. 3

208. Shale, brown, fissle.........    14
209. Siltstone, green, bedding uncertain.......... 19
210. Sandstone sequence; green, massive, fine

grained, calcareous cement; white, thin- 
bedded, medium-grained, calcareous cement,

Thickness
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with very thin siltstone break; green, 
massive, medium to fine-grained at the top, 
calcareous cement...................... 30

211. Sandstone, white, thin-bedded, fine to
medium-grained, calcareous cement..............  2

212. Shale and siltstone: shale brown and highly
fractured; siltstone green, bedding obscure; 
coarser at the top........................... 39

213. Sandstone sequence: green, massive, coarse
grained; shale break; green, thin-bedded, 
medium to coarse-grained; green, cross-bedded, 
medium to coarse-grained; green, massive,
medium to coarse-grained......................  90

214. Sandstone, brown, thin-bedded, fine to medium-
grained upward, non-calcareous   .... . 40

215. Covered.............................   13
216. Sandstone, green to purple, massive, fine-

grained , calcareous cement................... 5
217. Siltstone, sandy, brown and green.......  19
218. Sandstone, gray, mottled at the top, thin-

bedded , banded , fine-grained ........... . 5
219 . Siltstone, green, bedding obscure............ 14
220. Sandstone, white, thin to thick-bedded, medium

to coarse-grained, calcareous cement......... 9
221. Covered..................    28
222. Sandstone, gray, mottled, thin-bedded,

medium-grained, calcareous cement............ 5
223. Covered........        4l
224. Sandstone, green, mottled, massive, medium-

grained , non-calcareous; purple shale breaks. 27
225. Siltstone, green, sandy, massive, calcareous. 4
226. Mudstone, weathers yellow to gray, non-cal-

careous, bedding uncertain; very distinctive 
unit..................     6

227. Sandstone, gray, mottled, thin-bedded, medium-
grained , calcareous cement...........  5

228. Shale and siltstone, red and purple, bedding
obscure...................................... 27

229V Sandstone, top is white, friable, medium- 
v grained, calcareous; grades downward into 

brown, thin-bedded, fine-grained, calcareous 
sandstone with shale breaks.......   14

230. Covered. Shale(?)........................... 88
231. Sandstone, light gray to green, thin-bedded to 

massive, medium-grained, non-calcareous; some
fine cross-bedding observed.................. 13

232. Shale, red, fractured..... .........   44

Thickness
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233. Sandstone, green, thin-bedded, fine-grained,
calcareous cement............................. 2

234. Shale, green to purple........................ 43
235. Sandstone, gray to green, massive and cross- 

bedded, fine to medium-grained, mottled;
coarser grained downward...................... 91

236. Shale, green, fractured.... .................. 65.5
237. Siltstone, gray, massive, thinly laminated;

shale breaks--------;......................... 20
238. Shale and siltstone, gray and green, bedding

uncertain...............     135
239. Sandstone, green, bedding obscure, medium-

grained, mottled.... .......   5
240. Siltstone and shale, green to gray, bedding

riot shown......... ........   10
241. Sandstone, gray, massive, very fine-grained... 5
242. Siltstone and shale, green, bedding not

observed............      18
243. Sandstone, gray and green, massive, medium

grained , mottled...........       19
244. Siltstone, green, sandy lens in the middle,

calclte veins.....................'......... 17
245. Sandstone,,gray, massive, medium-grained,

mottled.....................   5
246. Shale, green and red, fissle; siltstone, green,

sandy , thick-bedded........................... 35
247. Sandstone, green, massive, medium-grained, 

calcareous cement; becomes finer and gray
upward; red and green mud blebs............... 64

248. Shale, red, fissle---........................ 20
249. Sandstone, green, massive, medium to coarse

grained /mottled at . the top. ................. . 25
250. Sandstone, gray, massive, fine-grained, hard,

non-calcareous................................. 3
251. Sandstone, green, thick-bedded to massive,

mottled; red shale at the top....... . 22
252. Shale and siltstone: siltstone, gray, in

middle of two shales; shales, green, each
about 30 and 50 feet thick......   103

253. Sandstone’, green to gray, thick-bedded, fine
to medium-grained; graded, coarse at the 
bottom.......... ....................   5

254. Siltstone, green, bedding obscure; shale gray,
bedding not observed.... ................   33

255. Sandstone, gray to green, massive, medium-
grained , mottled..........   20

256. Siltstone, bedding uncertain, gray; shale,
green..................      20

Thickness
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257. Sandstone, green to gray, thick-bedded,
medium-grained , mottled ......... . 5

258. Shale and siltstone, green and gray, bedding
not observed............................. 40

259. Sandstone, green, massive, medium to fine
grained, mottled........... ......... 65

260. Shale, red and green, fissle; red color
dominates..................................... 25

261. Sandstone, white, massive, medium-grained,
mottled; two thin siltstones, one green and 
the other gray, form breaks in the sandstone 
sequence .... ...................... 65

262. Siltstone, gray to green, red shale breaks,
white sandstone lens in the middle............ 30

263. Shale, gray and red, fissle......... . 5
264. Sandstone, gray, thick-bedded, fine to medium-

grained ...................................... 62
265. Shale, gray, green, and red, fissle; less than

5% red ......... ................... 40
266‘. Siltstone, black, calcareous; green to gray

upward....................................   10
267. Sandstone, green, thin-bedded, fine-grained,

calcareous cement; green mud blebs; carbon.... 20
268. Shale, red; with siltstone lenses............. 10
269. Sandstone, green, cross-bedded, medium

grained , calcareous cement.................... 15
270. Shale with siltstone: siltstone red and thin-

bedded; shale red, bedding not observed....... 5271. Sandstone, green, thick-bedded to massive,
medium-grained, mottled....................   100

272. Siltstone, red at bottom, gray at the top,
bedding uncertain......................     10

273. Sandstone, gray, cross-bedded, fine to medium-
grained , mottled ............ ........ . 10

274. Shale, red and gray, fissle................... 10
275. Sandstone, light gray to white, thin-bedded,

fine to medium-grained, calcareous cement, 
becoming darker and mottled upward............ 20

276. Siltstone, gray, alternating with red shale... 50
277. Sandstone, green and gray, bedding obscure,

medium-grained, mottled, calcite veinlets..... 10
278. Siltstone, gray, thin to thick-bedded, many

shale splits.................................. 25
279. Sandstone, purple, thick-bedded, very fine

grained , non-calcareous ...................... . 5
280. Siltstone, gray, thick-bedded................  20
281. Sandstone sequence, from bottom to top: green,

massive, fine-grained, calcareous, about 20
feet thick, with some shale; light brown, medium- 
grained; gray, massive, medium-grained; some

Thickness
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282.
283.

284.
285.
286.
287.
288.

289.
290.

291.
292. 
293.

294.
295.

296.
297.

Thickness
silfcstone and calcareous shale; red, grading 
into gray, thick-bedded, medium-grained, 
badly weathered; gray siltstone about 10 feet 
thick; gray sand, thick-bedded, fine-grained, 
calcareous; grades into fissle shale and thick 
to medium-bedded siltstone....................
Shale and siltstone with sandstone lens 16 
feet from bottom: siltstone thick-bedded;
shale fissle....... ...........
Sandstone, gray, massive, medium-grained, 
slightly calcareous; shale and siltstone, red 
to green, fissle; sandstone, green, massive, 
poorly sorted; shale, thin; gray and red, 
fissle; sandstone, light gray, cross-bedded,
medium-grained.... .....................
Shale and siltstone; alternating green and 
brown, shale thin and fissle..................
Sandstone, gray, thick-bedded to massive, 
medium to coarse-grained; green mud blebs.....
Siltstone, red, calcareous, bedding not ob
served.......... .............................
Siltstone, green and red; shale, brown, slight
ly calcareous...........................
Sandstone sequence starting at bottom: gray,
thin-bedded to cross-bedded, very coarse-grain
ed to medium-grained, conglomerate zone, cal
careous, fine-grained at the top; gray, massive, 
fine to coarse-grained; gray, massive, coarse
grained, soft and ffriable, calcareous; whole
untl shows graded bedding.......... .
Sandstone with siltstone breaks; brown, thin 
to thick-bedded, fine-grained, calcareous..... 
Sandstone, green, massive, fine-grained that 
grades to medium-grained and into a conglom
erate zone at the bottom, becomes darker in
color downward... . . .......................
Sandstone, purple, massive, hard, very fine-
grained; green siltstone break.....
Siltstone, gray, massive......................
Sandstone, purple, thin-bedded, medium to very 
coarse-grained, calcareous cement; good graded
bedding..... .................................
Siltstone, green, thick-bedded.................
Sandstone, gray, coarse conglomerate at the 
bottom with many coarse zones throughout,
thin-bedded, calcareous.......................
Siltstone, red, thick-bedded..................
Siltstone, green, thick-bedded.... .

75

45

50
25
45
20
25

35
18

11
40
25

20
15
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50
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Thickness
298. Sandstone and siltstone: siltstone red,

bedding not observed; sandstone gray, thick- 
bedded, medium-grained................. ...... 50

299. Sandstone, massive, purple, medium to coarse
grained, calcareous cement......... ........ 2

300. Siltstone, red, thick-bedded, limey........... 5.5
301. Sandstone, gray to purple, conglomerate zones, 

friable; some pebbles up to inches; color
due to mud pellets.................... ....... 25

302. Siltstone and shale: red, sandy siltstone
grading to green shale and siltstone, calcar
eous; sandy lens in the middle with alternat
ing green and gray silts following............ 55

303. Sandstone, purple to gray, thick-bedded, medium-
grained, calcareous cement, some calcite.....  10

304. Sandstone and siltstone: red, thin-bedded, very
fine to fine-grained sandstone; some shale and 
green and red siltstone................  160

305. Sandstone, purple, coarse to conglomeratic,
mud pellets; thin calcite stringers..........  65

306. Sandstone to conglomerate, purple, very coarse
to conglomeratic, mud pellets; granite pebbles 
observed...................    3

307. Siltstone, green, massive, with shale, gray
to red at top, limey............... . ......... 25

308. Sandstone sequence, starting at the top: pur
ple, medium to coarse-grained, thin-bedded, 
limey, granite pebbles; purple, thick-bedded, 
medium-grained; gray, thick-bedded, fine
grained; brown, thick-bedded, medium-grained; 
purple to gray, thin-bedded, poorly sorted; 
purple, thick-bedded, fine to medium-grained,
calcareous........... ........................ 40

309. Sandstone, red, thick-bedded, very fine
grained.............    15

310. Sandstone, green at the bottom, purple at the
top, massive, very fine-grained, calcareous... 20

311. Sandstone, purple, medium-grained to conglom
eratic, massive at the base, more thin-bedded 
upward; upper 4 feet coarse conglomerate; pit
ted grains; mud pellets; 2 feet thick silt
stone member; shows good grading.............  135

312. Siltstone, red, sandy, poorly sorted; typical
red bed..........     44

313• Sandstone, purple, thin-bedded, medium
grained , some pitted grains............... 3

314. Siltstone, red, poorly sorted........ . 38
315. Sandstone, purple, massive, medium-grained;

red shale in the middle...................... 25
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Thickness
316. Shale, red, bedding obscure, soft......... . 17
317. Sandstone, green to gray in fresh pieces, thin- 

bedded, medium-grained; some pitted grains.... 5
318. Shale, red with green bands, limey, silty at

the top........ .............................. 48
319. Siltstone, light gray to white, fissle, thin- 

bedded, red bands.......................... . 25
320. Sandstone and siltstone sequence mostly covered;

red siltstone with light bands...... . 25
321. Covered by gravels; probably a thick, red

siltstone........ ...................   200
322. Siltstone, red, limey, alternating light and

dark bands...................       120
323. Andesite sill, dark green, contains: calcite

8?6, canbyite 2%, magnetite 3#, clinochlore
trace, quartz 1%, ollgoclase 85$.........  5

324. Siltstone with some thin sands, purple, hard, 
limey; sandstone, purple, thin-bedded, hard,
limey........     10

325. Sandstone, purple, thin-bedded, medium-grained,
hard........        19

326. Sandstone, light gray, fine to medium-grained,
calcareous cement............................. 80

327. Limestone, conglomerate, cobbles and boulders 
of dark gray limestone in a limey matrix, in
cludes some chert pebbles and particles of 
smaller size. Bottom of section. This unit 
lies unconformably on late Paleozoic "Rain- 
valley* limestone . The thickness indicated is 
probably not typical as this conglomeratic was 
formed as a channel fill........... .......... 100

Total (in feet) 8,099.4
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