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ABSTRACT

The Pickhandle Hills are located in extreme south
eastern Arizona. The hills are composed of eastward-dipping 
Upper Paleozoic marine rocks of the Naco Group. The Upper 
Paleozoic rocks are in fault contact along the southern and 
western sides of the hills with Lower Cretaceous marginal 
marine rocks of the Bisbee Group and are unconformably over- 
lain by clastic rocks of the Bisbee Group along the eastern 
side of the hills.

Later Cretaceous and earlier Tertiary compressional 
forces from the north and from the south caused the forma
tion of eastward-trending folds in the Earp Formation 
(Pennsylvanian-Permian) and in the Colina Limestone 
(Permian). Continued compression caused thrust faulting, 
from the north or south, of the Epitaph Dolomite (Permian) 
over and across the folds in the underlying rocks. Normal 
faulting during mid-Tertiary time elevated the hills to 
their present position. The scarp slopes on the west and 
south sides of the hills were formed by the normal fault
ing. During or just after the normal faulting, large blocks 
of Epitaph Dolomite at the top of the western scarp slid 
down the slope and came to rest at the base of the hills.

vii



INTRODUCTION

Location and Name

The Pickhandle Hills comprise an area of approxi
mately four square miles in southeastern San Bernardino 
Valley, Cochise County, Arizona. The hills lie approxi
mately 25 miles east of Douglas, Arizona, one mile north 
of the United States-Mexico border and three miles west of 
the Arizona-New Mexico state line. The area of the thesis 
is shown on the United States Geological Survey topographic 
map of the Guadalupe Canyon Quadrangle, 15 minute series, 
1958. Latitude 31022' N. and longitude 109°0?' W. inter
sect at the center of the mapped area.

The area is accessible from Douglas by the Douglas- 
Animas, New Mexico, gravel road. About 23 miles east of 
Douglas a sign at a road fork indicates Guadalupe Canyon to 
the right. The Pickhandle Hills, which trend north, lie 
along the east side and are five miles down the Guadalupe 
Canyon road (Fig. 1). Access to the eastern side of the 
hills is provided by a pasture road that passes around 
their northern end. No part of the area is more than one 
mile from a road.

1
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The hills comprising the thesis area are unnamed 
hut lie within a region locally known as the Pickhandle.
For the sake of clarity and convenience the author has named 
these hills the "Pickhandle Hills" and will refer to them as 
such throughout the text of the thesis. Official recogni
tion for this name has been requested from the Board on 
Geographic Names of the United States Department of the 
Interior.

3

Topography and Climate

The Pickhandle Hills are located on the southwestern 
flank of the Guadalupe Mountains. The maximum elevation of 
the hills is 5>3^ feet, and the minimum elevation is 4,400 
feet.

The drainage pattern is varied. The streams flowing 
off the southwestern portion of the hills have a parallel or 
radial pattern on the steeper, upper slopes, but the pattern 
becomes dendritic on the gentler, lower slopes. Elsewhere 
in the hills the drainage pattern is sub-parallel to den
dritic. The streams in the northern half of the hills drain 
northwestward into Hay Hollow Wash; those in the southern 
half drain southward into Guadalupe Canyon; both drain 
southwestward into Mexico.

The climate is semi-arid with hot summers and cool 
winters. The annual rainfall is from 12 to 13 inches, more
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than half of which occurs as summer and early autumn 
thunderstorms. The mean annual temperature is 62° (U. S. 
Weather Bureau, 1953-62).

Flora and Fauna

The plant and animal life are typical of south
eastern Arizona. Cacti are among the most abundant forms 
of plant life and are common in flat areas and on moderate 
slopes. The most common varieties are prickly pear, purple 
tinge pear and tree cholla. Desert trees and bushes such 
as palo verde, mesquite, agave, sage, saltbush, ocotillo 
and creosote also abound on the slopes.

Animal life is abundant in the area. Especially 
common are cotton-tail and jack rabbits, mule deer and 
quail. Less plentiful but numerous are javelina, rattle
snakes and many small rodents and reptiles. The area is 
used as grazing land for cattle.

Purpose and Method of Study

The purpose of this study is to map and describe 
the geology of the Pickhandle Hills. The geology of the 
area has not been mapped in detail heretofore.

The geologic contacts and structural features were 
initially plotted on aerial photographs enlarged to the 
scale of 1 inch = 500 feet. These data were then
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transferred to a similarly enlarged portion of the United 
States Geological Survey topographic map of the Guadalupe 
Canyon Quadrangle, 1958 (PI. 1).

Fossils were collected for laboratory identifica
tion. Thin sections were prepared for microfossil and 
lithologic studies.

The field work was performed during October,
November and December of 1965.

Previous Work

The first geological study of this area was a 
reconnaissance survey by Barton (1933, PI. 20). Barton’s 
map, on a scale of 1:500,000, shows the hills as being com
posed of undifferentiated Carboniferous limestones and of 
Lower Cretaceous sandstones, limestones, and shales. A 
generalized geologic map, on a scale of 1:500,000, by the 
New Mexico Geological Society (1953, P« 159) shows the hills 
as being composed of undifferentiated Upper Paleozoic and 
Cretaceous rocks. Neither of these two maps shows any 
structural features.

More recent reconnaissance mapping by Cooper and 
others (Cooper, 1959) of southeastern Cochise County, on 
a scale of 1:125,000, shows the rocks of the area to be 
the Pennsylvanian-Permian Naco Group and the Lower Cre
taceous Bisbee Group. Cooper maps a thrust fault striking



north that crops out on the western and southern sides of 
the hills. The map also shows the regional dip to the east 
and northeast.



DESCRIPTION OF ROCKS

General Statement

The Pickhandle Hills are composed chiefly of Upper 
Paleozoic rocks of the Naco Group that dip gently to the 
east. The east side of the Pickhandle Hills is essentially 
a dip slope; the west and south sides are steep, remnants 
of eroded fault line scarps. These Paleozoic rocks are 
separated from Cretaceous rocks of the Bisbee Group on the 
south and in one place on the west by a normal fault. On 
the southeast, the rocks of the Naco and Bisbee Groups are 
overlain by Tertiary rhyolite. On all other sides of the 
Pickhandle Hills the Upper Paleozoic and Lower Cretaceous 
rocks are overlain by alluvium. The area is believed to 
be underlain by the normal sequence of Lower Paleozoic 
rocks of southeastern Arizona and southwestern New Mexico. 
These rocks are dominantly limestones with some sandstones 
and minor amounts of shale.

The formations of the Naco Group that are exposed 
include the Earp Formation, the Colina Limestone, and the 
Epitaph Dolomite. The lowest member of the Naco Group, the 
Horquilla Limestone, probably does not crop out in the 
mapped area. Studies of fusulinids from the lowest

7
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outcropping limestones in the area indicate that these rocks 
are probably part of the Earp Formation.

Silicified zones occur throughout the mapped area. 
They are especially common along faults but also occur 
extensively along the dip slope where they are generally 
parallel to the strike of the Epitaph Dolomite. These zones 
are commonly associated with breccia and chert.

Pre-Pennsylvanian Paleozoic Rocks

The pre-Pennsylvanian Paleozoic rocks of south
eastern Arizona and southwestern New Mexico are dominantly 
non-clastic except in the lowest part of the stratigraphic 
column. The formations in southeastern Arizona are the 
Bolsa Quartzite (Middle and Upper Cambrian), the Abrigo 
Limestone (Upper Cambrian), the Martin Limestone (Upper 
Devonian), and the Escabrosa Limestone (Lower and Middle 
Mississippian). The formations in southwestern New Mexico 
are the Bolsa Quartzite (Upper Cambrian), the El Paso Lime
stone (Upper Cambrian and Lower Ordovician), which is 
equivalent to the Abrigo Limestone, the Montoya Dolomite 
(Middle and Upper Ordovician), the Fusselman Dolomite 
(Silurian), the Percha Shale (Upper Devonian and Lower 
Mississippian), and the Escabrosa Limestone (Middle 
Mississippian).



9
In the Tombstone Hills, 60 miles west of the Pick- 

handle Hills, an unconformity separates the Abrigo and Martin 
Limestones. In New Mexico the Montoya Dolomite and the 
Fusselman Dolomite are separated by an unconformity. In the 
Big Hatchet Mountains, 30 miles east of the Pickhandle Hills, 
a second unconformity separates the Fusselman Dolomite from 
the Percha Shale. The Horquilla Limestone (Pennsylvanian) 
rests disconformably upon the Escabrosa Limestone, but the 
disconformity is apparently a surface of non-deposition 
rather than erosion (GillUly, 1956, p. 35)• None of these 
pre-Pennsylvanian rocks crop out in the Pickhandle Hills.

Pennsylvanlan-Permian Rocks - Naco Group

The Naco Group as defined by Gilluly, Cooper and 
Williams (195^> P» 15) is composed of six formations which 
in ascending order are the Horquilla Limestone, the Earp 
Formation, the Colina Limestone, the Epitaph Dolomite, the 
Scherrer Formation and the Concha Limestone. Of these for
mations the Horquilla and the lower portion of the Earp 
are Pennsylvanian in age; the rest are Permian. Neither 
the Scherrer Formation, 600 to 700 feet of siltstone, lime
stone, and quartzitic sandstone, nor the Concha Limestone,
130 feet or more of fossiliferous limestone with some 
friable sandstone at the base, are recognized in the mapped
area
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The Horquilla Limestone (Gilluly, Cooper and 

Williams, 1954, p. 16) is named for the exposure of the 
formation on the eastern flank of Horquilla Peak in the 
Tombstone Hills. The formation may be exposed in two places 
in the Pickhandle Hills, at the base of the northwest corner 
of Hill 5 and at the base of the southwest corner of Mac 
Hill. There are about 150 feet of fusulinid limestones 
exposed at these places. Studies of the fusulinids con
tained in these rocks indicate that they are of Virgilian 
age, which would place the rocks in the uppermost part of 
the Horquilla Limestone or in the lowest part of the Earp 
Formation. However, these rocks are mapped and described 
as part of the Earp Formation because their stratigraphic 
position is only about 90 feet below the massive red 
siltstones of the Earp Formation, which Cooper (1959) 
places in the upper part of the Earp.

Earp Formation.— The Earp Formation (Gilluly,
Cooper and Williams, 195^, p. 18) was named for the 
exposure of the formation on the south side of Earp Hill 
in the Tombstone Hills. In the area of this report, the 
formation is 380 feet or more thick (see Appendix, Section 
II) and is exposed in three places along the west side of 
the Pickhandle Hills. The most complete exposure of the 
formation is on the west side of Mac Hill. The greater part 
of the Earp Formation there is made up of calcarenites and
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siltstones that are weakly resistant to erosion and form 
concave slopes that steepen upward to the overlying ledge
forming Colina Limestone. The foot of the slope is composed 
of resistant step-forming limestones.

The lower contact of the Earp Formation with the 
Horquilla Limestone is probably not exposed in the area.
The lowest exposed fusulinid-bearing limestones weather 
light gray and have a rough and uneven surface. They are 
light brownish gray and sparry on a fresh surface. The 
beds range from 6 inches to 2 feet thick but average 1 1/2 
feet thick. The limestones are overlain by a 90-foot 
sequence of pebble conglomerate, grayish orange pink, 
coarse-grained calcarenlte, and moderate pink dolomite.

The bulk of the formation overlies this sequence 
and is composed of moderate red to moderate reddish orange 
siltstone and calcarenlte. This unit weathers easily, but 
details of bedding and lithology are usually obscure. The 
sequence of siltstone and calcarenlte is overlain by 22 
feet of medium light gray limestone, dark yellow orange 
dolomite, and pale brown cherty dolomite.

The upper contact with the Colina Limestone is 
sharp and conformable. The contact is readily discernible 
because of a sharp change in color and lithology (Fig. 2). 
The uppermost bed of the Earp Formation is a 9-foot thick 
pale brown dolomite, and the lowest bed of the Colina 
Limestone is a 2-foot thick bed of light gray limestone.



Figure 2.
Contact between uppermost dolomite of 
the Earp Formation (3P-Pe) and the over 
lying Colina Limestone (Pc).
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Fossils in the Earp Formation were found only in 

the limestone beds exposed at the base of the section.
There, large fusulinids are very abundant, ranging up to 
10 mm in length and 3 mm in diameter. Dr. D. L. Bryant 
(personal communication) has identified these fusulinids 
as Triticites sp., of Virgilian age. Echinoid spines and 
crinoid stems are also common but less abundant.

The Earp Formation in this area is a regressive 
sequence. The lower limestones are definitely marine on 
the basis of faunal content and were probably deposited in 
a neritic environment. The fragments in the pebble con
glomerates are identical in lithology with the beds imme
diately below. The conglomerates are probably intraforma- 
tional and together with the calcarenites represent 
deposition in the littoral zone. The cross-stratification 
in the redbeds indicates that they may be supralittoral in 
origin. The limestones and dolomites above the redbeds may 
represent backwater deposition and/or a minor transgression.

Colina Limestone.— The Colina Limestone (Gilluly, 
Cooper and Williams, 1954, p. 23) is named for the expos
ure of the formation on Colina Ridge in the Tombstone 
Hills. In the mapped area, the Colina Limestone is com
posed of 400 feet or more of dense dark limestone. The 
formation crops out along the southern and western sides
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of the Pickhandle Hills where it forms ledges on steep 
slopes. Where the Earp Formation is exposed below it, the 
Colina Limestone stands out as a resistant ledge at the top 
of a smooth concave slope. The formation can be recognized 
from a distance both by its ledge-forming outcrop and by 
its blue gray color which contrasts with the red siltstones 
of the Earp Formation below and with the brown dolomites of 
the Epitaph Dolomite above.

As mentioned above, the lower contact of the Colina 
Limestone is sharp and conformable with the underlying Earp 
Formation. In the mapped area, the lithologic character
istics of the Colina remain very consistent throughout the 
formation. The rocks weather light bluish gray to medium 
light gray, but on a fresh surface they are dark gray to 
black and are very dense. The thickness of the beds ranges 
from one-half inch to 12 feet but generally is from 2 to 4 
feet. Light brown silica geodes are common where the rocks 
have been disturbed by faulting. Everywhere in the mapped 
area the Colina is in thrust fault contact with the over- 
lying Epitaph Dolomite; nowhere in the Pickhandle Hills is 
the upper part of the Colina exposed.

The Colina Limestone in this area is generally 
poor in fossils except in the lower beds, where crinoid 
stems, echinoid spines, gastropods and brachiopods are all 
moderately abundant. Two brachiopods have been identified
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as Derbyla sp. and Ambocoella sp. One gastropod has been 
identified as Omphalotroohus sp. In the type locality, 
Omphalotrochus characterizes the formation (Gilluly, Cooper 
and Williams, 1954, p. 24).

The scarcity of fauna in the Colina Limestone 
together with the very dark color of the formation suggests 
that the limestone was deposited in an oxygen poor environ
ment.

Epitaph Dolomite.— The Epitaph Dolomite (Gilluly, 
Cooper and Williams, 1954, p. 25) is named for the exposure 
of the formation along the west side of Epitaph Gulch in 
the Tombstone Hills. In the area of the Pickhandle Hills, 
the Epitaph is the most widely exposed of the Paleozoic 
Formations. The formation forms the dip slope of the hills 
and, as a result, comprises more than 80$ of the total 
Paleozoic outcrop. The formation is 800 feet or more thick 
(see Appendix, Sections I and II) and is composed wholly of 
fine- to medium-crystalline dolomite. The lower beds of the 
formation are massive and form precipitous cliffs; the 
middle and upper portions of the formation are less massive 
and form moderately steep slopes.

The base of the Epitaph Dolomite in this area is a 
thrust fault that cuts the Colina Limestone and, in at 
least one place, the Earp Formation. The rocks of the 
Epitaph immediately overlying the thrust fault are sheared;



the basal beds of the formation are missing in the Pick- 
handle Hills.

On weathered surfaces the rocks range from medium 
light gray to pale brown and are rough and uneven. On 
fresh surfaces the rocks are blackish red or dark gray and 
generally have a sugary texture. The lower 100 feet of the 
exposed portion of the formation is characterized by massive 
beds as thick as 10 feet. Several of these beds contain 
abundant large chert nodules as much as 1 1/2 feet long and 
3 inches wide.

The beds of the rest of the formation, some 700 feet 
or more, range from 6 inches to 4 feet thick but are gener
ally 1 foot to 2 feet thick. Some beds are cross- 
stratified. Intraformational breccias and conglomerates 
occur throughout the formation, the fragments of which 
usually do not exceed 1 inch in size. The rocks are 
jointed and fractured, and they contain abundant light 
brown chert and silica and calcite veins. Where massive 
chert is abundant, the rocks are moderate reddish brown. 
Numerous walnut-sized geodes are scattered throughout the 
formation.

An angular unconformity separates the Epitaph 
Dolomite from the overlying Glance Conglomerate. The con
tact shows little or no evidence of erosion locally, but 
the location of the contact in two separate places on the

16



17
northeastern side of the hills indicates that more than 100 
feet, perhaps as much as 170 feet, of the Epitaph Dolomite 
has been removed by pre-Glance erosion between these two 
points.

Fossils include very abundant echinoid spines and 
crinoid stems and numerous but less common brachiopods and 
gastropods. One brachiopod, Dlctyoolostus sp. (of authors), 
and one gastropod, Omphalotrochus cochisensis, have been 
identified.

The Epitaph Dolomite is of marine origin as indi
cated by the marine fauna found throughout the formation. 
The cross-stratification and sedimentary breccias indicate 
that deposition took place in shallow water. The abundance 
of fossils in the Epitaph Dolomite as compared with the 
Colina Limestone indicates that the environment was not one 
of low exygen content.

Cretaceous Rocks - Blsbee Group

Ransome (1904, p. 56) divided the Cretaceous rocks 
in the Bisbee, Arizona, area into four formations that he 
collectively termed the Bisbee Group. The formations in 
ascending order are the Glance Conglomerate, the Morita 
Formation, the Mural Limestone and the Cintura Formation. 
Stoyanow (1949) grouped the lower part of the Mural Lime
stone and the upper part of the Morita Formation into a
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new formation which he named the Lowell Formation. The 
three lowest members of the revised Bisbee Group, the 
Glance Conglomerate, the Morita Formation and the Lowell 
Formation, are recognized in the area of the Pickhandle 
Hills. The Mural Limestone, composed of interbedded sand
stone, shale, mudstone, and limestone, and the conformably 
overlying Cintura Formation, consisting of 1,800 feet of 
shale with a few interbedded limestones and cross- 
stratified sandstones, do not crop out in the mapped area.

Glance Conglomerate.— The Glance Conglomerate was 
defined by Ransome (1904, p. 57) for exposures of the 
formation in the Bisbee area where it reaches a maximum 
thickness of 500 feet. The formation is exposed in four 
places on the northeastern side of the Pickhandle Hills; 
in two stream channels, along the east side of a silicified 
ridge which is about 1,000 feet long, and in an isolated 
silicified outcrop. The silicified portion of the forma
tion forms steep slopes, but where it is not silicified, 
the formation forms an almost flat area at the foot of the 
dip slope of the Epitaph Dolomite.

The Glance Conglomerate rests with angular 
unconformity on the Epitaph Dolomite. The beds of the 
Glance dip some 15° more steeply than those of the Epitaph. 
Although the contact between the Glance and the Epitaph 
shows no relief locally, the exposures in the stream
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channels are some 100 feet lower stratigraphically than 
those along the silicified ridge. Although no evidence of 
erosion is apparent on top of the Epitaph, the Epitaph rocks 
immediately underlying the Glance Conglomerate are highly 
jointed and fractured and veined with calcite. These 
joints, fractures and veins may be related to pre-Glance 
weathering of the Epitaph erosion surface.

In the lower part of the Glance Conglomerate, as 
exposed in the Pickhandle Hills, some fine-grained clastic 
rocks are present. These rocks include 6 inches of grayish 
pink (5R8/2) (Goddard and others, 1948) coarse-grained 
sandstone, 1 foot of grayish orange (10YR7/4) siltstone and 
4 feet of moderate red (5R4/6) siltstone. This red silt- 
stone causes much of the section downstream to be stained 
red or pink.

The bulk of the Glance Conglomerate in the area is 
composed of sub-rounded to well-rounded fragments of 
dolomite, limestone, and chert which range in size from 
small pebbles to small cobbles. The pebbles and cobbles 
are cemented with calcite except where the formation has 
been silicified. Lenses of moderate red (5R4/6) siltstone 
as thick as 1 foot and at least 15 feet long are found near 
the top of the section. In the thesis area, the formation 
is well bedded only where it is exposed in the stream 
channels, the beds averaging about 1 foot thick. All



other exposures of the formation are silicified and the 
bedding is obscured. The maximum thickness of the Glance 
that is exposed is from 250 to 300 feet. The precise 
thickness of the formation and the nature of the upper 
contact is not determinable because the formation dips 
under alluvium in all places.

No fossils, except those contained in some of the 
fragments, have been found in the Glance Conglomerate. 
Where the formation is exposed in southeastern Arizona, 
the Glance generally typifies the underlying rocks 
(Gilluly, 1956, p. 71). Based on lithologic characteris
tics the fragments that comprise the Glance Conglomerate 
in the Pickhandle Hills appear to have been derived from 
the Colina Limestone and the Epitaph Dolomite. In the 
Bisbee area the upper contact with the Cretaceous Morita 
Formation is gradational which indicates that the Glance 
is Cretaceous 'in age and marginal marine in origin 
(Ransome, 1904, p. 6l; Gilluly, 1956, p. 71).

Morita Formation.— The Morita Formation was named 
by Ransome (1904, p. 63) for an 1,800-foot series of dull 
red shales and reddish brown sandstones that overlies the 
Glance Conglomerate in the Bisbee area. The formation 
crops out in two separate localities in the Pickhandle 
Hills, one on the downthrown block of a north-striking 
normal fault at the base of the western side of Mac Hill



and the other as an isolated outcrop on the eastern side 
of the hills._ The formation forms gentle low hills or 
flat areas.

The lower contact of the Morita Formation is not 
exposed in the Pickhandle Hills. In the Bishee area, how
ever, the Morita Formation is gradational with the under
lying Glance Conglomerate (Ransome, 1904, p. 65). The 
larger exposure of the formation, on the east side of the 
hills, is composed of at least 250 feet of thin- to thick- 
bedded, coarse-grained, quartz!tic sandstone that is light 
brown (5YR5/6) on weathered surface. On fresh surfaces 
the rocks are pinkish gray (5YR8/1). Lenticular cross
stratification is common. The sandstones alternate with 
thin to thick beds of grayish red (10R4/2) shale. The 
smaller outcrop at the base of Mac Hill consists almost 
entirely of dark reddish brown (10R3/4) shale. The shale 
has an almost conchoidal fracture and is friable.

The upper contact of the Morita Formation with 
the Lowell Formation is not exposed in the Pickhandle 
Hills, but in the Ninety One Hills, south of Bisbee, it is 
placed where the argillaceous limestones of the Lowell 
Formation become predominant over the clastic beds of the 
Morita Formation (Stoyanow, 1949, p. 12). The Morita 
Formation is transitional between the nearshore marine 
environment of the Glance Conglomerate and the deeper marine 
environment of the Mural Limestone (Ransome, 1904, p. 65)•
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Lowell Formation.— The Lowell Formation (Stoyanow, 
19^9» p. 8) is named for the exposure of the formation in 
the Ninety One Hills, about six miles south of Lowell, 
Arizona. The formation crops out in the downthrown block 
of a normal fault along the base of the southern side of 
the Pickhandle Hills. The rocks of the formation form 
gentle slopes that are broken in places by more resistant 
beds.

The lower contact of the Lowell Formation is not 
exposed in the mapped area, but where exposed in the Ninety 
One Hills, the contact is gradational with the underlying 
Morita Formation. The Lowell Formation is composed 
dominantly of arenaceous limestones with a few beds of 
sandstone and shale. The limestones are very fossiliferous 
and are commonly oolitic. They generally weather medium 
light gray (N6) to medium dark gray (N4) and are medium 
gray (N5) to very dusky red (10R2/2) on fractured surfaces. 
The predominantly gray color of the formation is inter
rupted in places by beds of limestone, sandstone, or shale 
that weather dark yellowish orange (10YR6/6) and are pale 
yellowish orange (10YR8/6) to grayish orange (10YR7/4) on 
fresh surfaces. The beds range from 6 inches to 3 feet 
thick, and most of them weather to an uneven, crumbly 
surface. The upper contact of the Lowell Formation is not 
exposed in the mapped area but in its type area is con
formable with the Mural Limestone above. The type section



of the Lowell Formation is 1,104 feet thick (Stoyanow,
1949, P. 12).

The rocks of the Lowell Formation in the area of 
the Pickhandle Hills contain abundant fossils. By far the 
most abundant type are pelecypods, especially Ostrea.
Other common pelecypods are Pecten sp. and Gryphaea sp.
The coral Amphiastrea sp. is found locally in large masses. 
Most of the limestones contain much fossil hash.

The rocks of the Lowell Formation must have been 
laid down in a shallow marine environment, since corals can 
rarely exist in water deeper than 300 feet. The large 
abundance of filter feeders such as Ostrea and corals 
indicates that the environment was turbulent and rich in 
nutrients. The abundance of fossil hash also indicates a 
high energy environment. The gritty limestones and sand
stones indicate a nearness to the shoreline.

Cenozoic Rocks

The Paleozoic and Mesozoic rocks of the Pickhandle 
Hills are surrounded by Cenozoic alluvium and rhyolite.
The silicified zones that occur throughout the hills and 
the basalt that covers most of the San Bernardino Valley 
just to the northwest of the Pickhandle Hills are also 
Cenozoic in age.

About 1,000 feet beyond the eastern edge of the 
mapped area, the Epitaph Dolomite is overlain by rhyolite,
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and an isolated hill of rhyolite crops out about 800 feet 
beyond the north edge of the map. The rhyolite forms smooth 
rounded slopes. The rocks weather pale brown (5YR5/2) and 
are grayish red (5R4/2) on fresh surfaces. Included in the 
rhyolite in places are conglomerates of volcanic and pyro
clastic fragments. The rhyolite is evenly jointed in three 
directions, each being orthogonal to the other two. The 
rocks are somewhat vesicular in places, but they show little 
or no flow structure. Cooper (1959) assigns a Tertiary age 
to the rhyolite.

A large part of the San Bernardino Valley is 
covered with basaltic lava flows, tuffs, breccias and 
cinder cones. No basalt is present in the mapped area, but 
the basalt represents a major period of volcanism in the 
region. The basalt is believed by Cooper (1959) to be of 
Quaternary age.

Slllcifled Zones.— Numerous elongate zones of 
silicified bedrock occur throughout the Pickhandle Hills. 
These zones conspicuously follow planar features such as 
faults and bedding planes. The more prominent of the 
zones occur along the east-trending normal fault, the 
southern portion of the thrust fault, and the contact 
between the Epitaph Dolomite and the Glance Conglomerate. 
The silicified zones are most common, however, along many 
of the bedding planes of the Epitaph Dolomite. The
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siliclfied rooks are strongly resistant to erosion, and as 
a result, usually stand out locally as topographic highs.

The siliclfied zones are characteristically 
irregular, but most consist of a central portion of com
pletely replaced rock that ranges in color from white (N9) 
to moderate reddish orange (10R6/6) to very dark red (5R2/6). 
These intensely siliclfied portions are commonly thinly 
banded with different colored silica. In many places the 
central part of the zones is vuggy; clusters of euhedral 
quartz crystals one inch or more in length are common.

A marginal zone in which replacement is less complete 
surrounds the central portion of the siliclfied zones. Light 
brown (5YR5/6) silica there fills small fractures in the 
rocks. Where the host rock has weathered away, the silica 
is left behind as a box-like framework.

The siliclfied zones are thought to be concurrent 
in age with the rhyolite. The silicification is probably 
the result of ground water, charged with silica derived 
from local igneous sources, moving through permeable and 
porous zones in the bedrock.

Quaternary Alluvium.— Alluvium representing more 
than one period of erosion and deposition surrounds the 
Pickhandle Hills on all sides except the southeast. In 
many washes around the base of the hills, semi-consolidated 
alluvium underlies Recent, unconsolidated detritus. This
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older alluvium clearly belongs to an earlier period of 
erosion and deposition than the overlying younger alluvium. 
No attempt has been made to separate the older and younger 
alluvium on Plate 1.

The best exposures of the older alluvium are in the 
washes along the northeast side of the Pickhandle Hills, 
where the older alluvium unconformably overlies the Epi
taph Dolomite and dips to the northeast 15° more steeply 
than the bedrock. The older alluvium is generally con
glomeratic and is made up primarily of limestone and dolo
mite fragments ranging in size from fine sand to boulders 
one foot or more across.

In all probability, more than one period of erosion 
and deposition is represented by the older alluvium. Some 
of the older alluvium may be as old as Tertiary, although 
most of it is probably younger (Cooper, 1959)•

The younger alluvium is composed of unconsolidated, 
poorly sorted gravel, sand, and silt. In some places the 
alluvium is stratified and is poorly cemented with caliche. 
The younger alluvium is generally horizontal or nearly 
horizontal and lies on the older rocks and on the older 
alluvium with angular discordance.



STRUCTURAL GEOLOGY

General Statement

The Pickhandle Hills are located in the Basin and 
Range Province and owe their relief to uplift resulting 
from one or more normal faults. The west and wouth sides 
of the hills are scarp slopes, hut the east and north sides 
are dip slopes. In addition, deformation prior to normal 
faulting folded and thrust faulted the rocks. Two large 
blocks along the western scarp slope have broken loose and 
have slid down the slope under the influence of gravity.

As the Pickhandle Hills are isolated from other 
Paleozoic and Mesozoic outcrops by Tertiary and Quaternary 
cover, their structural setting is better understood when 
related to the geology of nearby areas. Eastward dipping 
Lower Cretaceous sedimentary rocks crop out on the south
west side of the Guadalupe Mountains, about 1 1/2 miles 
northeast of the mapped area. These rocks are in normal 
fault contact with Tertiary rhyolite about 2 1/2 miles 
northeast of the thesis area. The rhyolite composes most 
of the Guadalupe Mountains.

The easternmost edge of the Quimby Hills is about 
one mile west of the Pickhandle Hills. The Quimby Hills
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are rocks of the Naco Group that have been both thrust and 
normal faulted (Dirks, 1966). The eastern edge of these 
hills is a dip slope of eastward-dipping Epitaph Dolomite.

Faults

Thrust Fault.— The outstanding structural feature 
of the Pickhandle Hills is a low-angle thrust fault that 
separates the Epitaph Dolomite from the underlying rocks.
The fault plane dips gently to the northeast and is struc
turally highest on the southwest side of Mac Hill. The 
thrust fault is exposed on the south side of Mac Hill for 
three-fourths of a mile until it is cut by an east-striking 
normal fault. About 1,000 feet east of this intersection, 
the thrust fault crops out again for about 400 feet and is 
once more cut by the same normal fault. On the west side 
of Mac Hill, the exposure of the thrust fault continues 
northward until it disappears under alluvium on the west 
side of Hill 5* On the northwest side of Hill 5 the thrust 
fault can be followed for about one-third of a mile to its 
disappearance under the alluvium just south of Hill 31.

In most places the thrust fault cuts across the 
Colina Limestone (Fig. 3)» which is in thrust fault contact 
with the Epitaph Dolomite everywhere in the mapped area, 
but because of folding in the underlying rocks, the fault 
has cut more deeply into the Colina in some places than in
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others. On the northwest and southwest sides of Hill 5 the 
fault has cut entirely through the Colina Limestone along 
the top of an anticline (Plate II, section B-B*), and the 
Epitaph rests directly on the red siltstones of the Earp 
Formation.

The rocks of the thrust sheet immediately above the 
fault have been sheared. Locally, the rocks of the thrust 
sheet reflect the attitude of the underlying folded rocks, 
undulating over anticlines and synclines.

Where well exposed, especially on the southwest 
side of Mac Hill, the thrust fault is marked by a zone of 
breccia and silicified dolomite and limestone, as thick as 
60 feet (Fig. 4). The breccia fragments are as much as 10 
feet across. Much calcite veining as well as abundant 
jasper and chert occur in the fault zone. The rocks 
adjacent to thrust fault are silicified along most of the 
southern side of the hills, but the silicification decreases 
northward and becomes rare north of Mac Hill.

Although the rocks are in their proper strati
graphic sequence, the fault is considered to be a thrust 
because the fault plane dips at a low angle and because it 
definitely cuts across both the upper portion of the Earp 
Formation and the Colina Limestone. On the southwest face 
of Mac Hill, the Colina is about 60 feet thick, whereas in 
the Quimby Hills, 1 1/2 miles to the west, the Colina is



Thrust sheet of Epitaph Dolomite (Pe) 
overlying the Colina Limestone (Pc).

Figure 3.

Figure 4.
Portion of the thrust fault zone on the 
southwest side of Mac Hill, showing 
breccia, blocks of Colina Limestone (Pc) 
and silicified rocks.
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more than 400 feet thick (Dirks, 1966). On the northwest 
and southwest sides of Hill 5* the Golina has been entirely 
removed by the thrust fault.

The direction in which the thrust sheet moved and 
the amount of displacement is unknown. Since the folds in 
the underlying rocks appear to trend eastward, the com- 
pressional forces that formed them must have acted in a 
north-south direction. If the thrusting is a terminal 
phase of the tectonics that caused the folding in the 
underlying rocks, it is assumed that the forces acted in 
the same direction and that the thrust came from a north
ern or a southern direction. Gilluly (1956, PI. 6) shows 
thrust faults in central Cochise County displaced to the 
northeast.

The thrusting took place after the deposition of 
the Paleozoic rocks that are cut by the thrust fault. The 
thrust fault was formed before the normal fault that cut 
it on the south. The normal fault cuts Lower Cretaceous 
rocks and is in turn covered by Tertiary rhyolite one-fourth 
of a mile east of the mapped area. The thrusting, therefore, 
must have taken place during the Mesozoic or early Cenozoic 
Eras.

East-striking normal fault. The outcrop of 
Paleozoic rocks, and locally the thrust fault, in the mapped 
area is terminated on the south by an east-striking normal
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fault whose downthrown block is to the south. The fault 
crops out along the base of the south side of Mac Hill and 
dips 50° to the south. At the western end of its exposure, 
the fault swings northwest before being covered by alluvium. 
About one-quarter of a mile beyond the eastern edge of the 
map, the fault passes under a Tertiary rhyolite flow.

Along the western portion of its exposure, the 
fault separates rocks of the Earp Formation, on the 
upthrown northern side, from rocks of the Lower Cretaceous 
Lowell Formation, on the downthrown southern side. Else
where Cretaceous rocks are in fault contact with the Colina 
Limestone on the south side of Mac Hill and are in fault 
contact with the Epitaph Dolomite on the southeast side of 
the hill.

The fault is silicified throughout its length, 
except where the downthrown block is in contact with the 
Earp Formation. Drag folding occurs in the Cretaceous 
rocks southwest of Mac Hill but was not noted elsewhere 
along the fault. In several of the washes on the south 
slope of Mac Hill, the fault plane is well exposed and 
shows some silicification and calcification but no 
brecciation. The vertical displacement along the fault 
is in excess of 2,000 feet, since the stratigraphic 
separation between the Epitaph Dolomite and the Lowell
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Formation is greater than 2,000 feet. The fault formed the 
scarp slope on the south side of the hills.

The fault is younger than the Lower Cretaceous rocks 
that it cuts and is older than the Tertiary rhyolite that 
covers it. The fault is "believed to have "been formed in 
mid-Tertiary time, since "block faulting is known to have 
taken place in southeast Arizona "between early Miocene time 
and early Pliocene time (Damon, Erickson and Livingston, 
1963, p. 119).

North-striking normal fault. Lower Cretaceous rocks 
of the Morita Formation are exposed in normal fault contact 
with Paleozoic rocks for about 700 feet at the base of the 
west side of Mac Hill. The downthrown block is to the west 
and is composed of Cretaceous rocks. Along the southern 
part of the exposure, the Cretaceous rocks are in fault 
contact with the Earp Formation, but in the northern por
tion, the Cretaceous rocks are in fault contact with a 
gravity slide block of Epitaph Dolomite. Where exposed, 
the fault zone is composed of brecelated and fractured 
rocks veined with calcite.

Although exposed in only one place, the fault is 
shown dotted on Plate I as continuing northward to the 
Lazy-J Tank and southward to its intersection with the 
east-striking normal fault. Field evidence suggests that 
the fault continues to the north and to the south of the
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exposed portion because the west side of the Pickhandle 
Hills is a scarp slope along which are exposed portions 
of the Earp Formation, the Colina Limestone and the Epitaph 
Dolomite. Also, rocks of the Epitaph Dolomite are exposed 
dipping 25° to the east, toward the scarp slope, less than 
one mile to the west, in the Quimby Hills.

The north-striking normal fault is younger than the 
Lower Cretaceous rocks that it cuts. The fault is probably 
contemporaneous with the east-striking fault.

Gravity slide faults. On the lower slopes of the 
west side of Mac Hill a thoroughly fractured block of Epi
taph Dolomite, Colina Limestone, and Earp Formation lies 
directly upon the red siltstones of the Earp Formation.
The block averages 3,000 feet in length and 800 feet in 
width. Beds of the Colina Limestone are exposed in place 
everywhere above the block, and the red siltstones of the 
Earp Formation crop out above, below, and on the south side 
of the southern portion of the block (Fig. 5»)« This block 
also includes, along its southern end, a portion of the 
thrust fault that is about 300 feet down the slope from the 
true position of the fault. The thrust fault here involves 
the Colina Limestone overthrust by the Epitaph Dolomite.
The rocks of this large block dip to the east 5° to 10° 
more steeply than the underlying rocks which dip approxi
mately 20° east. A smaller block of Colina Limestone,



Figure 5*
Southern end of larger gravity -slide 
block showing rocks of the Epitaph 
Dolomite (Pe) and Colina Limestone (Pc) 
in thrust fault contact and resting upon 
the red siltstones of the Earp Formation 
(]P-Pe)i
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250 feet long and 50 feet wide, lies upon and is entirely 
surrounded by rocks of the Earp Formation at the base of 
the western slope of Mac Hill. The rocks of the smaller 
block dip 35° to the west; the underlying rocks dip 18° 
northeast.

The term gravity slide faulting means the ". . . 
lateral and downward movement of a rock mass . . .  
(occurring) . . . under the influence of gravity alone" 
(McRea, 1965, p. 10). Field evidence indicates that the 
northern part of the larger block has moved down slope 850 
feet or more and that the southern part of the block has 
moved 300 feet down the western scarp slope under the 
influence of gravity. The smaller block has moved more 
than 1,000 feet down slope to the west. The contacts of 
both blocks with the underlying rocks are brecciated and 
calcified and are characterized by small jasper fragments. 
The upper contact is commonly marked by a 1- to 3-foot high 
bench. The blocks themselves form large, gentle topo
graphic benches.

The gravity sliding must have taken place after the 
formation of the normal fault that formed the western scarp 
slope, therefore, the faults are mid-Tertiary or younger in 
age. After the western scarp slope was formed, the blocks 
became dislodged along the top of the scarp, perhaps by 
recurrent movement along the fault, and moved down slope
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over the incompetent red siltstones of the Earp Formation. 
The slopes of the southern and southwestern sides of Mac 
Hill are much steeper than those along the west side, where 
the larger block has broken off and has slid down the slope. 
Slide blocks were not found on the south side of Mac Hill. 
The absence of slide blocks here may be due to the fact that 
the incompetent red siltstones of the Earp Formation do not 
crop out on this scarp face.

Folds

The only major folds in the mapped area are the 
gentle open folds in the rocks underlying the thrust fault 
and the corresponding warps in the rocks of the thrust 
sheet. These folds are depicted on Plate II, Section 
B-B*. The evidence for these folds comes from the atti
tudes of the outcrops of the Colina Limestone and the Earp 
Formation on the western slopes of the hills. These atti
tudes have been projected to the plane of the cross-section. 
The attitudes of the three anticlines and two synclines can 
only be roughly estimated with the data available because 
of their limited exposures below the thrust plane. The 
axes of the folds trend east and plunge approximately 5° to 
the east.

The folds are sheared by the thrust fault, and 
therefore the folds were formed before or during the 
thrust faulting.



GEOLOGIC HISTORY

During early Paleozoic time, southeastern Arizona 
was covered by marine waters from the Sonoran and Cor- 
dilleran geosynclines. Withdrawals of the sea during or 
after Ordovician time subjected the area to erosion until 
marine transgression took place in mid-Devonian time.
Except for a few minor withdrawals, these seas occupied 
southeastern Arizona until near the close of Permian time. 
The Paleozoic rocks of southeastern Arizona are repre
sentative of shelf type sediments.

The Mesozoic Era in southeastern Arizona was 
characterized by erosion of the Paleozoic rocks during 
the Triassic and Jurassic Periods. During early Cretaceous 
time, the Glance Conglomerate was deposited with angular 
discordance upon the underlying Paleozoic strata. Also 
during early Cretaceous time, the sea returned to cover 
the area with shallow water. In this shallow sea the 
clastic rocks and the arenaceous limestones of the Lower 
Cretaceous Bisbee Group were deposited.

Between the end of Permian time and early Tertiary 
time, northward and southward compression caused the for
mation of east-trending folds. Further compression caused
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thrust faulting of the Epitaph Dolomite over these folds.

During the early part of the Genozoic Era, the areas 
uplifted by the tectonics that caused thrust faulting were 
eroded, and the detritus was deposited to form part of the 
older alluvium. Normal faulting, probably during the 
Miocene Epoch, elevated the rocks to form the Pickhandle 
Hills as a block uptilted on the west and south sides. 
Erosion after normal faulting caused retreat of the fault 
scarps to their present position.

Along the west scarp slope, large segments of rock 
became dislodged from the face of the scarp and moved down 
the slope under the influence of gravity, coming to rest 
at the base.

As tectonic activity in the area subsided, igneous 
activity commenced as the extrusion of rhyolite and pyro- 
clastics in the surrounding area. The normal faults pro
vided excellent channels along which silica-bearing ground 
water, circulating from nearby igneous areas, moved, 
causing the rocks next to the east-striking normal fault 
to become silicified. The silica-bearing waters also 
penetrated into other channels such as the southern por
tion of the thrust fault, some of the bedding planes of 
the Epitaph Dolomite, and into portions of the Glance 
Conglomerate, causing the rocks to be replaced in whole 
or in part by the silica. After the extrusion of the
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rhyolite, the area continued to undergo erosion with the 
deposition of additional older alluvium in the valleys and 
basins surrounding and adjacent to the Pickhandle Hills. 
During the later part of the Cenozoic Era, probably during 
the Quaternary Period, the San Bernardino Valley became the 
center of renewed igneous activity. The basaltic lava 
flows and cinder cones that cover much of the valley were 
formed. This volcanic pulse was followed by further erosion, 
and the younger alluvium was deposited in the San Bernardino 
Valley. The erosion and deposition is continuing to the 
present.
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APPENDIX
MEASURED SECTIONS

Section I: Epitaph Dolomite - Exposure on east and west
side of northernmost hill of Pickhandle Hills (NW1/4SW1/4 
sec. 31, T. 23 S., R. 32 E.). Measured by R. J. Kelly, Jr. 
and D. P. Libbey, April, 1966, with Brunton compass and tape. 
Unit
No. Feet

Glance Conglomerate
Conglomerate, containing pebbles of limestone, 
dolomite, and chert; fragments subangular to sub
rounded, poorly sorted, cemented with calcite; 
bedding well defined, averaging 1 foot; exposure 
in steep sided wash; lower contact is an angular 
unconformity with the Epitaph Dolomite, which 
dips about 15° less steeply than the conglomerate. 
Little or no relief is evident on the underlying 
erosion surface; estimated thickness 300 feet.
Angular Unconformity
Epitaph Dolomite

10 Dolomite, medium gray (N5)> weathers to light 
brownish gray (5YR6/1), finely crystalline, beds 
6 inches to 2 feet thick, average 1 foot; lower 
contact sharp; forms smooth gentle dip slope; 
silica as geodes and veins abundant locally; 
unit weathers to "pock-marked" surface. Section 
transferred 250 feet north along strike.......... 236

9 Dolomite, very dusky red (10R2/2), weathers to 
pale yellowish brown (10YR6/2), medium crystal
line; beds 6 inches to 2 feet thick, average 1 
foot; lower contact sharp; forms gentle dip 
slope, unit weathers to a very uneven surface 
with abundant solution cavities.................. 64
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Section I— Continued
Unit
No.
8 Dolomite, medium gray (N5), weathers to light 

brownish gray (5YR6/1), like unit 10, but forms 
benches 1 to 3 feet high on moderate slope. . . .

7 Dolomite, dark gray (N3)» weathers to pale
yellowish brown (10YR6/2), medium crystalline; 
beds 6 inches to 2 feet thick, but thicken 
toward top to a maximum of 10 feet; lower con
tact gradational over 2 feet; forms benches as 
high as 3 feet below crest of hill; unit 
weathers to moderately uneven surface; light 
brown (5YR5/6) chert abundant as nodules and 
geodes except in lower 20 feet; calcite and 
silica veining common throughout; silicified 
crinoid stems and echinoid spines very abundant. .

6 Dolomite, medium gray (N5), weathers to pink
ish gray (5YR8/1), finely crystalline; sharply 
defined beds 3 inches to 1 foot, average 6 
inches thick; forms gentle benches as high as 
2 feet; lower contact gradational over 1 foot; 
weathers to smooth surface; silica rare........ .

5 Dolomite, medium gray (N5), weathers to pink
ish gray (5YR8/1), finely crystalline; beds 1 
to 2 feet thick; exposed as gentle bench on 
moderate slope; lower contact sharp; weathers to 
very rough irregular surface; chert common as 
veins, irregular clusters, and as nodules along 
bedding planes, as long as 8 inches and as wide 
as 2 inches. Section transferred 50 feet north.

4 Dolomite, medium gray (N5), weathers to light 
brownish gray (5YR6/1), finely crystalline; 
beds 4 inches to 2 feet thick; forms moderate 
slope; lower contact gradational over 1 foot; 
weathers to rough uneven surface spotted with 
solution cavities and silica in the form of 
crinoid stems, rugose corals and branching 
bryozoans; veined chert and calcite common . . .

3 Dolomite, medium gray (N5), weathers to light 
brownish gray (5YR6/1), like unit 4, but 
intraformational breccias common, the fragments 
averaging 1/2 inch across, lower contact 
covered........................................

Feet 

13

111 

63

5

. 71

4
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Section I— Continued 
Unit
No. Feet
2 Dolomite, medium light gray (N5)> weathers to

light brownish gray (5YR6/1), like unit 4........ 24
1 Dolomite, medium dark gray (N4), weathers to 

light brownish gray (5IR6/1), finely crystal
line; beds 2 to 4 feet thick; forms gentle 
slope at base of hill; lower contact covered; 
much calcite veining locally; beds are 
fractured........................................ 13
Base of section covered

Total Epitaph Dolomite (incomplete) measured . . .  604
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Section II: Epitaph Dolomite, Colina Limestone and Earp
Formation - Exposure on west side of Mac Hill (center El/2 
sec. 7> T. 24 S., R. 32 E.). Measured by R. J. Kelly, Jr. 
and D. P. Libbey, April, 1966, with Brunton compass and

tape.
Unit
No. Feet

Epitaph Dolomite
41 Dolomite, medium gray (N5), weathers to light 

brownish gray (5YR6/1), with intraformational 
breccias, correlates with unit 3 of Section I, 
but not measured................................

40 Dolomite, medium gray (N5)» weathers to light 
brownish gray (5YR6/1), finely crystalline; 
beds 4 inches to 2 feet thick; forms moderate 
slope; lower contact gradational over 1 foot; 
weathers to rough, uneven surface spotted with 
solution cavities; silicified crinoid stems, 
rugose corals, and branching bryozoans common; 
veined chert and calcite common. Correlates 
with unit 2 of Section I. . . . . . . . . . . . .  25

39 Dolomite, medium dark gray (N4), weathers to 
light brownish gray (5YR6/1), finely crystal
line; beds 2 to 4 feet thick; forms gentle 
slope; lower contact covered. Correlates
with unit 1 of Section 1........................  33

38 Covered, probably like underlying unit 37........  28
37 Dolomite, medium dark gray (N4), weathers to 

light brownish gray (5YR6/1), medium crystal
line; beds from 1 to 3 feet thick and average 
2 feet; forms ledges on moderately steep slope; 
lower contact gradational over 2 feet; calcite 
veining common; abundant silicified crinoid 
stems and echinoid spines ....................... 21

36 Dolomite, medium dark gray (N4), weathers to
light brownish gray (5YR6/1), like unit 39* • • • 21
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Section II— Continued
Unit
No* Feet
35 Dolomite, medium dark gray (N4), weathers to 

light brownish gray (5YR6/1), like unit 37 
but beds 1 to 3 feet thick......................  37

34 Dolomite, medium dark gray (N4), weathers to 
light brownish gray (5YR6/1), like unit 37, 
but beds 2 to 10 feet thick; large chert 
nodules as long as 1 1/2 feet and as wide as 
3 inches abundant along bedding planes; upper 
beds form massive cliff.......... .............. 83

33 Dolomite, medium dark gray (N4), weathers to 
light brownish gray (5YR6/1), like unit 37 
but bedding is obscured by underlying thrust 
fault; forms very steep slope; intraforma- 
tional breccias common, fragments are as much
as 4 inches across and commonly cross-strati
fied............................................. 11

Total Epitaph Dolomite (incomplete) measured 
in Section II. ..................................... 259
Total Epitaph Dolomite measured in Sections I
and II.............................................852

Thrust fault zone
32 Breccia, fragments of Epitaph Dolomite and 

Colina Limestone as much as 10 feet across, 
cemented with moderate red (5R4/6) to moderate 
reddish orange (10R6/6) silica; very dark red 
(5R2/6) jasper fragments common; forms promin
ent cliff where silica is massive and very steep
slope elsewhere................................  57

Total Thrust Fault Zone measured.  ........  57
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Section II— Continued 
Unit
No. Feet

Collna Limestone
31 Limestone, dark gray (N3), weathers to light 

gray (N7), sparry; beds 1 to 3 feet; forms 
benches on steep slope; lower contact sharp 
and conformable; light brown (5YR5/6) chert
locally abundant..............................  62

Total Collna Limestone measured . . . . . . . .  62

Earp Formation
30 Dolomite, grayish red (5R4/2), weathers to 

pale red (10R6/2), finely crystalline; beds 
1 inch to 1 1/2 feet, average 6 inches; forms 
prominent ledge; lower contact sharp; light 
brown (5YB5/6) chert nodules as long as 1 foot 
and as wide as 2 inches common along bedding. . 9

29 Limestone, medium gray (N5)» weathers to very 
light gray (N8), sparry, beds 4 inches to 1 
foot thick; crops out at base of ledge; lower 
contact covered . . . . . . .  ........  . . . .  4

28 Covered, probably same as overlying unit 29 . . 2
27 Dolomite, medium light gray (N6), weathers to

grayish orange (10YR7/4), medium crystalline; 
beds 1 to 2 feet thick; forms conspicuous 
yellow ledge on moderate slope; lower contact 
sharp.........................................  6

26 Limestone, dark gray (N3)» weathers to medium
light gray (N6), micritic; beds 6 inches to 1 
foot thick; crops out at base of ledge; lower 
contact sharp. Section transferred 350 feet 
south...................................... .. 1.5

25 Siltstone, moderate orange pink (10R7/4), to 
pale red (5R6/2), weathers same, calcerous; 
laminated to very thin bedded; forms smooth 
moderate, almost concave slope; lower contact 
sharp; planar cross-stratification common; 
friable, poorly exposed, weakly resistant to 
erosion. Section transferred 50 feet south . . 77
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Section II— Continued 
Unit
No. Feet
24 Calcarinite, dusky red (5R3/4), weathers to 

grayish red (5K4/2), very fine-grained; cal- 
cite cement; beds finely laminated to thin- 
bedded; forms steps on moderate slopes; lower 
contact sharp..................................  7

23 Siltstone, moderate orange pink (10R7/4),
weathers to pale red (5B6/2), like unit 25 . . . 9

22 Calcarinite, dusky red (583/4), weathers to
grayish red (584/2), like unit 24........ .. 1

21 Siltstone, moderate orange pink (10R7/4),
weathers to pale red (586/2), like unit 25 . . . 71

20 Calcarinite, dusky red (583/4), weathers to
gray red (584/2), like unit 2 4 ................ 20

19 Conglomerate, containing fragments of lime
stone, light gray (N7) to medium gray (N6) 
and dolomite, pale reddish brown (10R5/4) 
to pale red (586/2); fragments range from 
medium gravel to very coarse gravel, sub- 
angular to sub-rounded, poorly sorted, 
cemented with calcite; bedding not apparent; 
crops out on moderate slope; lower contact 
covered. . . . . . *  ..............  7

18 Dolomite, moderate red (584/6), weathers to 
moderate orange pink (10R7/4), medium crys
talline; beds 1 foot thick; forms gentle 
slope; lower contact sharp ....................  5

17 Limestone, light medium gray (N6), weathers 
to light gray (N7), sparry; beds 1 to 3 feet 
thick; forms steps on gentle slopes; lower 
contact gradational over 1 foot................ 16.5

16 Conglomerate, like unit 19, but with 1 1/2 
feet fine-grained calcarinite similar to 
unit 24 2 feet above base; lower contact 
covered. .......................................

15 Covered, probably like underlying unit 14. . . .
13
8.5
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Section II— Continued 
Unit
No* Feet
14 Dolomite, moderate red (5R4/6), weathers to 

moderate orange pink (10R7/4), like unit 18; 
lower contact covered. .. ....................... 3

13 Covered, probably like underlying unit 12. . ♦ ♦ 11.5
12 Conglomerate, like unit 19, lower contact

covered...........................................   1
11 Covered, probably like underlying unit 10. . . . 4.5
10 Dolomite, moderate red (5R4/6), weathers to 

moderate orange pink (10R7/4), like unit 18, 
lower contact sharp. ........................   2

9 Limestone, light brownish gray (5YR6/1), 
weathers to light gray (N?) to medium light 
gray (N6), sparry; beds 6 inches to 2 feet 
thick; forms gentle slope; lower contact 
covered; contains Triticltes callosus (?);
1 foot thick bed of grayish red (5R4/2), 
micritic limestone, weathers to light olive 
gray (5YR6/1), 2 feet below top of unit.
Section transferred 200 feet north ............  10.5

8 Covered, probably like overlying unit 9........  31
7 Limestone, light brownish gray (5YR6/1) to 

light red, weathers to light gray (N7), 
mottled moderate pink (5R7/4), sparry; beds 
6 inches to 2 feet thick; forms smooth, 
gentle slope; lower contact covered; fossil 
hash, echinoid spines, and crinoid stems
abundant; contains Triticites sp...............  7

6 Covered, probably like overlying unit 7........  12
5 Limestone, light olive gray (5YR6/1),

weathers to light gray (N7), sparry; beds
1 1/2 to 3 feet thick; forms pronounced bench
at base of slope; lower contact covered; vein
chert common; weathers to uneven surface; much
fossil hash locally; contains echinoid spines,
crinoid stems, and Triticltes sp................  12.5
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Section II— Continued 
Unit
No. Feet
4 Covered, probably like underlying unit 3« • • • 7
3 Limestone, medium light gray (N6), weathers 

to light gray (N?)> sparry; beds 6 inches 
thick; forms gentle slope; lower contact 
covered; weathers to even surface; contains 
Triticites macgrewensis (?). . . . . . . . . . .  8.5

2 Covered, probably like overlying unit 3........ 11
1 Limestone, medium light gray (N6), weathers 

to light gray (N?), like unit 3> "but forms 
steps on gentle slopes, lower contact 
covered......................................  1
Covered

Total Earp Formation measured................  380
Total Section I I ............................  758
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