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ABSTRACT

The Qulmby Ranch area is located in the extreme 
southeastern corner of Arizona. Upper Paleozoic rocks, 
assigned to the Naco Group, make up the Qulmby Hills and 
Hill 14 in this area. The following three formations, in 
ascending order, crop out in the hillss Earp Formation, 
Colina Limestone, and Epitaph Dolomite. A stratigraphic 
study of these formations disclosed that approximately 
2800 feet of limestone, dolomite, and siltstone strata are 
exposed. A petrographic study of these strata and their 
associated faunas suggest a warm, shallow sea in which 
sedimentation kept pace with basin subsidence. A trans
gression in the general regressive phase occurred during 
Early Leonardlan time with the deposition of the Colina 
Limestone. Measured stratigraphic sections and the 
Identification of the abundant fusulinld fauna have estab
lished a better understanding of the correlation and the 
age relationships between the upper Paleozoic rocks of 
Arizona and New Mexico.

Other strata that outcrop in the area are the 
Lowell Formation of the Lower Cretaceous Bisbee Group and 
the San Bernardino basalt of Quaternary age. Various kinds 
of alluvium reflect the variety of rock types in the 
vicinity.
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X

The upper Paleozoic rocks in the Quimby Ranch area 
were thrust faulted prior to the mid-Tertiary high-angle 
normal faulting that elevated the hills to their present 
position.



INTRODUCTION

Location
The area of study is located In the southeastern 

part of the San Bernardino Valley in the extreme south
eastern corner of Arizona. As shown on the index map 
(Pig. 1), the area investigated consists of approximately 
12 square miles in the northeastern part of T. 24 s.,
R. 31 E., Cochise County, Arizona. This area, the Qulmby 
Ranch area, and the enclosed two topographic features.
Hill 14 and the Qulmby Hills, have been named by the author. 
These names shall be used throughout this thesis for the 
sake of clarity and convenience. Hill 14 is an assemblage 
of hills predominantly occupying section 14. The Qulmby 
Hills are named for the hills that lie to the north of 
Hill 14 and to the southeast of the Qulmby Ranch. The 
average elevation of the Qulmby Ranch area is 4200 feet, 
with the highest feature. Hill 14, reaching an elevation of 
4738 feet. This area is included in the U. S. Geological 
Survey Guadalupe Canyon Quadrangle, Arizona-New Mexico 
(1958), 15 minute series topographic map.

Access to the area is provided by a light duty 
graded road from Douglas, Arizona. The Qulmby Ranch is 
located on this road 25 miles east of Douglas. Several
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Jeep trails leave the graded road to allow ready access to 
the outcrops in the surrounding hills.

Purpose
The purpose of this investigation was to make a 

stratigraphic study of the upper Paleozoic sedimentary rocks 
in the extreme southeastern part of the state. In the 
Quimby Ranch area, the Earp Formation, Colina Limestone, 
and the Epitaph Dolomite of the Naco Group are the only 
formations that crop out. From their study, formational 
thicknesses, detailed descriptions of the rock units within 
the formations, and the resolution of the relationships 
between the rock units can be made. With these results, 
the strata of this area can be compared and correlated 
with the stratigraphic section of better known areas in 
southern Arizona and New Mexico. In this manner the study 
will help fill the existing gap between the Arizona and 
New Mexico upper Paleozoic correlations.

From a study of the abundant fusullnid fauna which 
occurs in the Naco Group sediments of this area a better 
understanding of the age relationships within the Naco 
Group can be attained. An examination of both the fauna 
and the sediments in which they are contained will provide 
the basis for an interpretation of the environment of 
deposition.

3



4
Method of Study

Field work was done between November, 1965 and 
April, 1 9 6 6. The data from the field studies were plotted 
on aerial photographs which had been enlarged to an 
approximate scale of 4.5 inches to the mile. From this 
information a photogeologic map (scale 1:27,400) and 
geologic cross sections of the area were prepared (Plates I 
& II). The Guadalupe Canyon Quadrangle topographic map, 
with some modification, enlarged to a scale of 2 Inches to 
the mile was used as an index map.

The field study consisted chiefly of mapping 
formations and measuring stratigraphic sections. Samples 
were collected every 10 feet or within distinctive litho
logic intervals for faunal identification and petrographic 
description. A graphic columnar section showing lithologic 
units and faunal identifications was compiled (Plate III).
A classification of carbonate rocks, based on Folk (1959) 
and Wobber (1965) was used for the petrographic descriptions 
(Table 1).

Other nearby areas, pertinent to the stratigraphic 
interpretation of the Qulmby Ranch area, were studied on a 
reconnaissance basis.

Previous Work
Prior to this study, no detailed stratigraphic 

work had been done in this area. The previous work could 
be described as reconnaissance mapping only.
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Table 1— CLASSIFICATION OF CARBONATE ROCKS1 
(Modified from Folk, 1959 and Webber, 1S*55)

Lime Kud 
Matrix or 

Spar Cement

Allochems
Volume % 
Allochems Fossils Pellets Intraclasts Oolites

Dominantly 
Lime Mud 
Matrix

0-1 % Micrite Micrite Micrite Micrite

1-10 % Fossiliferous
micrite

Pellet
bearing
micrite

Intraclast-
bearlng
micrite

Oolite-
bearing
micrite

10-50 %
Sparse

biomicrite
Pelmicrite Intramicrite Oomicrite

50 H, Packed
biomicrite

Subequal 
Sparry Cement 
& Lime Mud

Poorly
winnowed
biomicrite

Sparry
Pelmicrite

Sparry
Intramicrite

Sparry
Oomicrite

Dominantly
Sparry
Cement

Biosparite Pelsparite Intrasparite Oosparite

Matrix 
or

Cement

Limestone Lithoclasts

0-50 % Limestone rock fragments 50 % Limestone rock fragments

Lime Mud 
Matrix Lithoclast-bearing micrite Lithomicrite

Sparry
Cement Lithoclast-bearing sparite Lithosparite

Intraclasts - represent pieces of penecontemporaneous, weakly consolidated carbonate 
sediment that has been torn up and redeposited to form new sediment. 

Biolithite - in place reef rock, non-fragmented (Ext algal biolithite).
Lithoclasts - rock fragments of pre-existing lithified carbonate rocks. The rock, 

calcithite, (Folk, 1959) is composed of more than 50 % lithoclasts.
(Ext lithomicrite)

Dismicrite - a micrite containing patches or centers of sparry cement.

The dominant fossil name may be prefixed to "bio- rocks as in "Fusulinid biooicrite-. 
For allochems and lithoclasts that are greater than 2 mm. the word "rudlte* should 
be added to the name (Ext biomicrudite, lithosparrudite).
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. Schwennesen (1919, P* 2) mentioned that a U. S. 

Geological Survey water-supply paper on the San Bernardino 
Valley was In preparation but to date this paper has 
never been published.

Barton (1925, P« 73), under the heading NUnclass
ified later Carboniferous rooks”« listed some fossil 
collections from this area, but made no reference as to 
formation names or specific age. Later, Barton (1933) 
mapped the area, on a scale of li500,000, as Carboniferous 
to Bevonian limestone. A generalized geologic map of 
southwestern New Mexico and adjacent areas was compiled 
by Hill (1953)l the Qulmby Ranch area was mapped as upper 
Paleozoic sediments.

Cooper (1959) examined the area and prepared a 
reconnaissance geologic map (scale It 1 2 5,0 0 0) showing 
generalized structural features. He recognized the 
Horqullla (?) Limestone, Earp Formation, Colina Limestone, 
and Epitaph Bolomite. In 1959 the Arizona Bureau of Mines 
published a geologic map of Cochise County and designated 
this area as Permian sediments using Cooper's data.



UPPER PALEOZOIC STRATIGRAPHY

General Statement
Gllluly, Cooper, and Williams (195*0 assigned the 

predominantly carbonate rocks of the Pennsylvanian and 
Permian Systems of Cochise County to the Naco Group. They 
divided the Naco Group into six formations based upon 
gross lithologic differences; from oldest to youngest they 
are the Horqullla Limestone, Earp Formation, Collna Lime
stone, Epitaph Dolomite, Scherrer Formation, and Concha 
Limestone. Of these, only the Earp, Collna, and Epitaph 
are recognized In the Qulmby Ranch area and are described 
below.

The history of the use of the term Naco Is beyond 
the scope of this study; however, Bryant (1955. p. 27-29) 
and Gllluly, Cooper, and Williams (1954, p. 15-16) pro
vide a historical review and summary.

The age of the Naco Group based principally on 
fusullnld fauna, ranging from Atokan to Leonardlan, Is 
well established from various publications and University 
of Arizona theses. Some writers consider the fauna of 
the uppermost Concha Limestone to be Guadaluplan in age.

Gllluly, Cooper, and Williams (1954, p. 16) state 
"It Is highly probable that the divisions here recognized

7



8
as formations (that is, as fundamental map units) will not 
prove useful over a very wide area . . However, Naco 
Group lithologies are described in the Waterman Mountains 
west of Tucson, Arizona to as far east as the Big Hatchet 
Mountains and Peloncillo Mountains of southwestern New 
Mexico. The practice of using the Naco Group throughout 
the area outlined above is demonstrated by Bryant (1955)» 
Epis (1956), Sabins (1957). GiHerman (1958), Cooper 
(1959). Kottlowskl (i9 6 0), Zeller (1965). and Hayes and 
Landis (1965).

Earn Formation
General statement.

Gllluly, Cooper, and Williams (1954, p. 18) named 
the Earp Formation from the exposed strata on the south 
side of Earp Hill in the Tombstone Hills near Tombstone, 
Arizona.

The Earp Formation crops out in the western half 
of both the Quimby Hills and Hill 14. The formation also 
crops out intermittently along the west front of the Pick- 
handle Hills. The best area of exposure is located near 
the center of the Quimby Hills where section II was 
measured.

The Earp Formation in the Quimby Ranch area is 
divided into two members. The lower member is charac
terized by more than 470 feet of thin-bedded fusulinid
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limestones, dominantly gray but with several distinct 
reddish orange limestone units and scattered thin red silt- 
stone interbeds. A limestone-pebble conglomerate (litho- 
sparrudlte) overlain by approximately 220 feet of alternating 
resistant and nonresistant thin-bedded to laminated red 
siltstone form the upper member of the Earp Formation 
(Figure 2A).

The lower contact of the Earp Formation with the 
underlying Horqullla Limestone is nowhere exposed in the 
Quimby Ranch area. This lower contact in the type area 
is gradational and is arbitrarily placed where the thin 
limestone and siltstone interbeds become dominant over 
the more massive Horqullla Limestone (Gilluly, Cooper, and 
Williams, 1954, p. 19)• The upper contact of the Earp 
Formation is conformable with the overlying Colina Lime
stone. Gilluly, Coopex; and Williams (1954, p. 23-24) 
state that "Outside the type area the base of the Colina 
Limestone is taken where the interbedded sandstones, shales, 
marls, and limestones characteristic of the Earp formation 
pass over to the relatively uniform dark limestone of the 
Colina." In the Quimby Ranch area the gradation from the 
red siltstones to the dark Colina Limestones is rather 
sharp, taking place within a few feet.

The characteristic topographic expression of the 
formation is a concave slope with step-forming limestones
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near the base. The slope steepens upward In the red slit- 
stones to the overlying ledge-forming Collna Limestone 
(Fig. 2A).

Measured sections.
In all of the measured sections In this thesis, 

the classification of bedding was taken from that of 
Harshbarger, Repenning, and Irwin (1957) which was modi
fied after McKee and Weir (1953). Topographic expressions 
of Individual units are only mentioned where distinctive. 
Rock colors were described from the Rock Color Chart 
(Goddard et al., 1948). The measured sections are described 
In the Appendix.

The north- and south-trending Pickhandle Hills are 
located one mile east of the Qulmby Hills (Fig. 1). Kelly 
(1966) has requested official recognition for this name 
from the Board on Geographic Names of the United States 
Department of the Interior. The Earp section I was measured 
In the Pickhandle Hills for several reasons: Its proximity
to the Qulmby Ranch area, the excellent exposure of the 
red slltstones of the upper member and, the occurrence of 
plant-llke Imprints In this member. Identification of 
these Imprints was pending at the time of writing.

Nowhere In the Qulmby Ranch area or the Pickhandle 
Hills Is the lower contact of the Earp Formation exposed.
The thin red slltstone units In the lower member are
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mostly covered but are usually Identifiable because the 
limestone units which bound them are pinkish gray to pale 
red. Phyllold algae (W. J. Stewart, 1966, personal 
communication) occur In the lower member, but none were 
encountered along the measured sections. Scattered chert 
nodules, many of which contain fossils, are present In the 
measured sections. Glauconite occurs In some of the blo- 
sparltes In Hill 14 and the Plckhandle Hills, although 
none was found In the measured sections. Comparison of 
the three measured Earp sections show that the carbonate 
lithologies of the lower member are quite varied.

The prominent llthosparrudlte, at the base of the 
upper member, varies In thickness but Is recognized In all 
of the measured sections. In section I, the llthosparrudlte 
divides Into two beds separated by a mottled brownish gray 
limestone. Most of the upper member Is composed of alter
nating resistant to nonreslstant red slltstones (Fig. 2B). 
The resistant units display several types of cross- 
stratlficatlon. Toward the top It Is not uncommon to find 
silty mlcrltes and Collna-llke mlcrltes. The thickness 
of this upper member varies considerably due to thrusting. 
The stratigraphic sections were measured at localities 
where thrusting seemed at a minimum or absent, which re
sulted In a rather uniform thickness of 200 to 221 feet.



EXPLANATION OP FIGURE 2

A. The western end of Hill 14 showing the topographic 
expression of the Colina Limestone and the upper 
and lower members of the Earp Formation. The 
arrow indicates the fault contact between the 
lower limestone member of the Earp Formation and 
the upthrown siliclfled limestone.

B. The upper siltstone member of the Earp Formation 
showing its resistant and nonresistant character 
in the Pickhandle Hills.
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FIGURE 2
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The abundant fauna Includes fusullnids, brachlopods, 

corals, bryozoans, gastropods, eohlnold spines, crlnold 
stems, and fossil hash. Several colonial coral zones were 
encountered in section II. They have been Identified as 
an Intermediate form between Syrlngopora and Multithecopora.

Age and correlation.
Although fossils are quite abundant in the lower 

member of the Earp Formation, the fusullnids are the most 
significant guide fossils. The following discussion of the 
age of the Earp Formation is based in part on the fusulinld 
identifications of W. J. Stewart (I9 6 6, personal communi
cation) . Fusulinld evidence indicates that the 
Pennsylvanlan-Permlan boundary occurs in the Earp 
Formation and probably in the lower part of it in this 
locality. The upper red siltstone member is Middle and 
probably Late Wolfcamplan in age based on the fusullnids 
from the overlying Colina Limestone and from the under
lying lower member of the Earp. The megafossil fauna, as 
expected, indicates a Pennsylvanian and Permian age. The 
Wolfcamplan Series is marked by the appearance of the genus 
Schwagerlna at the base of the section measured in the 
Quimby Hills (Plate III). This Schwagerlna is interpreted 
as lowermost Wolfcamplan, because it is a transitional form 
with the genus Trltlcltes (W. J. Stewart, 1 9 6 6, personal
communication). The absence of a complete section prevented
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further study. However, fusullnid samples from a small 
outcrop of the Earp Formation (mapped by Cooper, 1959) 
four miles northwest of the Qulmby Ranch contained a 
Trltlcltes of Vlrgllian age. Thus, a Virgil Ian! and: Wolf- 
camplan age is indicated for the Earp Formation in the 
Qulmby Ranch area.

The age of the Earp Formation in the Qulmby Ranch 
area agrees with similar age determinations made by other 
workers. Sabins (1957. p. 490) placed the Vlrgllian- 
Wolfcampian boundary, with the first occurrence of Schwagerlna. 
approximately 300 feet above the base of the Earp Formation 
in the Chlricahua Mountains. Later Sabins and Ross (1963;
1965) refer to the above boundary as post-Virgillan, 
placing the base of the Wolfcamplan Series 700 feet above 
the base of the Earp. Williams (in Gilluly, Cooper, and 
Williams, 1954, P* 38) concludes that the age of the Earp 
fauna from the type area appears to be middle Late 
Pennsylvanian at the base to Wolfcamplan at the top. How
ever, Dubln (1964, p. 32) considers that the lowest Earp 
in the type area is characterized by advanced forms of 
Trltlcltes: and with the apparent absence of Schwagerlna 
and Psuedoschwagerlna. he places the Wolfcamplan boundary 
at the base of the exposed Earp Formation with the 
occurrence of T. creekensls. In the Peloncillo Mountains 
the entire Earp Formation was assigned to the Wolfcamplan
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Series based on fusullnids (G1Herman, 1958. P* 37-38).
Epls (1956, p. 114) states that the transition from 
Virgillan to Wolf camplan fauna In the Pedregosa Mountains 
takes place from 465 to 715 feet below the top of the Earp, 
or In approximately the lower half of the formation. The 
Earp Formation In the Big Hatchet Mountains Is of Late 
Wolfcampian or Early Leonardlan age or both, based on 
fusullnids from the overlying and underlying formations 
(Zeller, 1 9 6 5, p. 48). Thus on a regional basis, the Earp 
Formation extends from Virgillan to Late Wolfcampian in 
age, and perhaps even younger to the east in the Big 
Hatchet Mountains. Even though there are differing 
opinions as to the exact placement of the Vlrgillan- 
Wolfcampian boundary and the fact that the age of the 
upper Earp contact is not precisely known, it appears that 
the Earp becomes slightly younger to the east.

Recognition and gross correlations of the Earp 
Formation in the Quimby Ranch area was facilitated by 
three distinct Intervals: the lower fusulinid limestones,
the thin but prominent llthosparrudite unit, and the upper 
red siltstones. The best marker bed for detailed strati
graphic correlation is the llthosparrudite unit. The 
three measured partial sections were correlated using this 
unit. Correlation on a faunal basis in the Quimby Ranch 
area should also be possible with a detailed paleontolo
gical study.



The Earp Formation In the Qulmby Ranch area with 
Its similar lithology and position below the Collna Lime
stone Indicates that It is equivalent to the type Earp 
Formation. However, the "multlfacies" nature of the Earp 
prevents actual bed to bed correlation of the Qulmby 
Ranch area with other Earp outcrops to the west and east.
To the west, generally the lower part of the Earp contains 
a greater amount of elastics and a lesser proportion of 
fusullnid limestones. The llthosparrudlte unit (limestone- 
pebble conglomerate) Is absent in the Tombstone Kills, 
Chlrlcahua Mountains, and other localities. In other 
areas, several thin limestone-pebble conglomerate Intervals 
appear in the lower part of the Earp and a more prominent 
red chert and limestone-pebble conglomerate Interval, 
usually associated with red slltstones. Is present in the 
upper half of the formation (D. K. Rea, 1966, personal 
communication). This latter limestone conglomerate, yet 
to be understood, may prove valuable as a marker bed for 
regional correlation of the Earp Formation as it has In 
the Qulmby Ranch area. On this basis, a tentative corre
lation of unit 35 of a measured section in the Gunnison 
Hills (Gilluly, Cooper, and Williams, 1954, p. 22) with 
the llthosparrudlte unit In the Qulmby Ranch area is 
proposed. The upper part of the Earp to the west differs 
from that In the Qulmby Ranch area In that It contains

16



up to 50 percent limestone, whereas the measured sections 
of the upper Earp, nearer to the Qulmby Ranch area, are 
lithologically quite comparable. Epls (1956, p. 99) 
refers to the upper 200 to 265 feet of Earp in the Pedregosa 
Mountains as the "red zone" which is predominantly red 
slltstone. Sabins and Ross (1 9 6 5, Fig. 4) show more than 
350 feet of red beds and sandstone in the Earp in their 
Portal section of the Chlrlcahua Mountains. To the east 
of the Qulmby ranch area in the Big Hatchet Mountains, 
the entire Earp Formation is characterized by resistant 
brown weathering siltstones interbedded with nonreslstant 
white claystone (Zeller, 1 9 6 5, p. 45).

In the Qulmby Hills, the thickest measured section 
of the Earp Formation is 6?1 feet with the base not exposed 
and the upper 235 feet involved in thrusting. Gllluly, 
Cooper, and Williams (1954, p. 23) observed thickness 
varying from 600 to 1126 feet in the Tombstone Hills and 
Gunnison Hills respectively; Sabins (1957. p. 489) 
measured 2710 feet in the Chlrlcahua Mountains near Portal; 
Hayes and Landis (1 9 6 5, p. 28) report a thinning from 
northwest to southeast in the Mule Mountains from 537 to 
350 feet; Gillerman (1958, p. 38) measured 831 feet with 
the top missing in the Pelonclllo Mountains; Zeller (1965, 
p. 48) reports 997 feet in the Big Hatchet Mountains; Epls 
(1956, p. 48) did not divide the Earp-Horqullla sequence
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but estimated the Earp to be 1,050 feet thick In the 
Pedregosa Mountains. Thus, regionally the Earp Formation 
appears to thicken in an easterly direction reaching a 
maximum thickness in the Chlricahua Mountains. Considering 
the above apparent trend, the Earp Formation in the Qulmby 
Ranch area is estimated to be 1000 feet thick. However, 
variations in regional thicknesses may in part be attri
buted to unobserved thrusting in weak siltstone intervals, 
to differing rates of sedimentation resulting from the 
fluctuation of sea level and the instability of possible 
interconnected basins; and to the arbitrary choice of the 
basal Earp boundary.

At present, age and lithologic correlations are 
at best guide lines for the detailed stratigraphic study 
that is needed before the sedlmentational framework of 
the Earp Formation is clearly understood.

Conditions of deposition.
During Vlrgilian to Middle Wolfcamplan time the 

Qulmby Ranch area was occupied by a shallower sea than 
that in which the Horquilla and Colina were deposited.
There were intermittent influxes of fine-grained sediments. 
A northward increase in the clastic ratio of the Pennsyl
vanian and Early Permian sediments suggests that this 
influx of sediment was probably derived from some land- 
mass to the north or northeast (Kottlowski, i9 6 0, Plate 5).



Various positive areas in southwestern New Mexico during 
Late Pennsylvanian and Early Permian time may also have 
contributed fine-grained elastics to parts of southeastern 
Arizona (Kottlowskl, i9 6 0, p. 141-150). The thick Middle 
and Upper (?) Wolfcamplan siltstone sequence of the upper 
member may have come from as far north as the Uncompahgre- 
San Luis area for McKee (1951, p, 491) shows that the 
Zunl-Defiance area was covered by sediments shed from this 
area in Early Permian time.

The faunal content of the lower Earp limestones 
suggest clear, shallow, warm water. The moHuscan and 
brachlopod fauna seem to have appeared with the influx 
of the terrigenous sediments. From the distribution of 
benthonlc organisms in modern seas compared to those in 
the late Paleozoics (Ellas. 1937, p* 410), the depth of 
water was probably never much greater than 200 feet. The 
petrographic differences in the lower limestones indicate 
both a quiet environment, perhaps partially restricted 
shelf areas, in which lime mud was being deposited, and a 
higher energy environment, possibly in shoal-like areas, 
where bloclastlc material predominated. Intermediate 
energy environments are indicated by the partial winnowing 
of lime mud and the filling with sparry cement. With the 
deposition of the lithosparrudite and the gradation to 
lithosparite and siltstone, limestone deposition virtually
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ceased suggesting a shallowing to a nearshore environment. 
The llthoolasts may represent a break in sedimentation 
within parts of the basin, for many of them can be matched 
with limestones lower in the section. A change in source 
area is indicated by the increase in deposition of fine
grained elastics. The oxidized red slltstones; cross 
laminations; the suggestion of plant remains, worm burrows, 
and fossil tracks; and the absence of limestone and marine 
fauna all suggest that late in Earp time deposition in the 
Qulmby Ranch area occurred in a marginal marine environment, 
possibly as a deltaic-tidal flat complex.

Collna Limestone

General statement.
The Collna Limestone was described from the exposures 

on the west side of Collna Ridge in the Tombstone Hills 
(Gilluly, Cooper, and Williams, 195^* P» 23).

In both the Qulmby Hills and Hill 14 the Collna 
Limestone is the predominantly outcropping formation. In 
the Plckhandle Hills, the Collna Limestone is a few tens 
of feet thick or absent and is everywhere in fault contact 
with the overlying Epitaph Dolomite (Kelly, 1 9 6 6).

The Collna is thin- to thick-bedded limestone and 
is a mlcrite with varying amounts of skeletal, detrital, 
and oolitic constituents. Another distinctive lithologic
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feature is the dense brownish gray to medium gray color 
on fresh fractures and a light gray weathered surface.
More than 800 feet of Colina are exposed in the Quimby 
Ranch area, where the limestones of the upper part of the 
formation are interbedded with brownish gray to olive 
gray dolomite.

The contact of the Colina Limestone with the 
underlying Earp Formation is conformable, with a fairly 
sharp transition from the red slltstone, typical of the 
Earp Formation, to the dark Colina Limestone. The contact 
of the Colina Limestone with the overlying Epitaph Dolomite, 
unlike the lower contact, is indistinct, and seems to vary 
in its stratigraphic position. The interbedded dolomite 
in the upper part of the Colina is identical to the 
dolomite of the overlying Epitaph. The upper contact was 
arbitrarily chosen above the highest limestone or mottled 
dolomitic limestone below the massive dolomite of the 
Epitaph.

The thick-bedded units form cliffs, while the 
thinner bedded units tend to break up the cliffs and round 
the topography. The formation is fairly resistant to 
erosion, forming most of the hills in the Quimby Ranch 
area (Fig. 2A).
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Measured sections.

The two partial sections of the Collna Limestone 
were measured on Hill 14 (See Appendix, p.5 4 ). A con
spicuous cherty limestone interval, with similar faunas, 
permitted correlation of the two sections. The top of the 
Collna Limestone has been eroded from section I-B, but 
the occurrence of Epitaph-like dolomite and dolomitic 
lenses in the upper part of the section suggests that very 
little of the Collna is missing. The upper contact of the 
Collna Limestone with the Epitaph Dolomite is present in 
the Qulmby Hills. However, due to normal faulting and 
the lack of a distinctive lithologic or faunal marker bed 
in the Qulmby Hills, a precise correlation with section 
1-3 could not be made.

Silica knots, calcite blebs, stylolites, and 
locally abundant chert nodules are common throughout the 
measured sections. The dominant fauna Includes gastropods, 
brachiopods, echinoid spines, crlnold stems, fossil hash, 
and a number of thin fusullnld zones. The brachiopods 
and gastropods are characterized by the abundance of 
Dlctyoolostus and Omphalotrochus. respectively. Fossil 
hash •'pockets'1 are common in many of the micrlte units.
Much of the fossil material is slliclfled so that some 
specimens may be recovered from the matrix in the laboratory 
with acetic acid (Fig. 4a & b).
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Age and correlation.

The most significant faunal element of the Colina 
Limestone in the Quiraby Ranch area is the fusullnids. 
Abundant fusullnids have never been described from the 
Colina Limestone, nor has a definite Leonardlan age for 
the formation ever been well substantiated by faunal 
evidence. An Early Leonardlan age is clearly indicated 
by the first appearance of Parafusullna approximately 
320 feet above the base of the formation. Parafusullna 
marks the Wolfcamplan-Leonardian Series boundary of the 
Permian System.

The age determination of the Colina Limestone in 
the type area was made on the basis of gastropods, brach- 
lopods, and one cephalopod specimen. From this fauna, 
Williams (in Gilluly, Cooper, and Williams, 195^» P* 41) 
considered the Colina to be Wolfcamplan and Leonardlan (?) 
in age. Williams (in Gilluly, Cooper and Williams, 1954, 
p. 40) also mentioned that fusullnids were collected from 
the Colina, but that the collections were lost. However, 
Bryant (1955* P* 125)* in the beds he assigned to the 
Colina, stated that neither he nor Shell Oil Company field 
parties could find the fusullnids reported by Williams. 
Zeller (1965, p. 49) and GiHerman (1957. p. 39) report 
that no fusullnids were found in the Colina Limestone of 
the Big Hatchet Mountains or the Pelonclllo Mountains,



respectively, of New Mexico. Zeller (1 9 6 5, p. 49) does.
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however, suggest that In the Big Hatchet Mountains the 
stratigraphic position of the Collna Limestone above the 
Late Wolfcampian fusullnlds In the Horquilla and below the 
Leonardlan fusullnlds In the Concha, Indicates a Late 
Wolfcampian or Leonardlan age. Sabins (1957. P* 494-495) 
reports the identification of a single Permian ammonite, 
Perrlnltes hllll. of Leonardlan age from the upper part 
of the Collna In the Chlrlcahua Mountains. Perrlnltes Is 
the same genus collected by Williams (In Gilluly, Cooper, 
and Williams, 1954, p. 40) In the upper part of the Collna 
near the type area. Hayes and Landis (1965, P* 30-31) 
have described fusullnlds from the Collna. They collected 
Trltlcltes sp. aff. T. ventrlcosus from three feet above 
the base of the Collna Limestone In the Mule Mountains, 
and assigned a Wolfcampian age to that part of the formation.

The stratigraphic position of the Collna, the 
Inconclusive age data from other areas, and the present 
fusullnld age Identifications from the Quimby Ranch area. 
Indicate that the Collna Limestone Is Wolfcampian and 
Early Leonardlan in age throughout most. If not all, of 
Its regional extent. The Wolfcamplan-Leonardlan Series 
boundary Is probably near the middle of the formation.

The Collna Limestone can readily be distinguished 
from the other formations In the Quimby Ranch area. The
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characteristics that aid in its recognition are color, 
mlcritic texture, distinctive gastropod fauna, the presence 
of silica knots and calcite blebs, topographic expression, 
and the interbedded dolomite and mottled dolomitic lime
stone in the upper part of the formation. Detailed 
stratigraphic correlations within the formation are 
difficult to make because of the monotony of the limestone 
units and the repetition of beds by normal faulting. The 
distinctive Interval of siltstone bounded by oolitic 
limestone (section I-A, unit 7) was not observed in the 
Qulmby Hills. The variation in number, thickness, and 
stratigraphic level of the dolomite Interbeds in the 
upper Colina also excludes their use as a marker. A 
cherty limestone unit with a variety of fossils dominated 
by Dlctyoclostus and the first occurrence of Parafusullna 
is recognized in both the Qulmby Hills and Hill 14.
This distinctive horizon is used for stratigraphic 
correlation within the Colina Limestone.

The correlation of the Colina Limestone in the 
Qulmby Ranch area with the type locality in the Tombstone 
Hills is made with certainty because of its similar 
micritic texture and its position in the stratigraphic 
sequence. However, a question exists on a regional basis 
as to the stratigraphic relationships of the Colina Lime
stone and the Epitaph Dolomite. This was posed by
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Gilluly, Cooper, and Williams (195^• P* 2?) as an unsolved 
problem and will be discussed here under the Epitaph 
Dolomite.

Gilluly, Cooper, and Williams (195^. P* 24) 
measured 633 feet of Collna Limestone In the type area. 
Sabins (1957. P* 492) was able to measure a thickness of 
535 feet In the Chlrlcahua Mountains; elsewhere the lower 
part of the section was either covered or cut by faults.
The Collna In the Mule Mountains, unoonformably overlain 
by Mesozoic or Cenozolc sediments, has a maximum preserved 
thickness of about 495 feet (Hayes and Landis, 1 9 6 5, p. 29). 
Zeller (1 9 6 5, p. 49) reports two measured sections of 355 
feet and 505 feet from the Big Hatchet Mountains. He 
attributes the difference In thickness to the variation 
In the stratigraphic level of dolomltlzatlon of the basal 
Epitaph. In the Qulmby Ranch area, the two partial sections 
Indicate that the Collna is more than 800 feet thick. The 
relationship of the Epltaph-like dolomite In measured 
section I-B to the dolomite in the upper part of the 
Collna below the Epitaph contact In the Qulmby Hills 
suggest that approximately 150 feet of section Is missing 
from Hill 14. If this is true, a tentative thickness of 
950 feet is assigned to the Collna Limestone in the Qulmby 
Ranch area. This thickness, although greater than the 
type area, is substantiated by the 1000 feet of Collna 
measured by Epls (1956, p. 105) In the Pedregosa Mountains.



The increased thickness of the Collna Limestone 
In the Qnimby Ranch area and the Pedregosa Mountains 
Indicates that the Pedregosa Basin of Pennsylvanian time 
(Kottlowskl, i9 6 0, p. 1 5 2) was still In existence.

Conditions of deposition.
Late Wolfcamplan and Early Leonardlan time was 

marked by a readvance of the sea and the renewal of lime
stone deposition. The mlcrltlc limestone and its 
benthonlc fauna Indicate deposition In quiet, shallow 
waters, suggesting that the Pedregosa Basin was no more 
than a slightly depressed area in which sedimentation 
kept pace with subsidence. The associated deposition of 
slit, clay, and finely divided organic material within 
the basin gave the Collna Limestone Its characteristic 
dark gray color. The oolitic limestones probably repre
sent a lowering of sea level, while the thin fusullnld 
zones may represent times of minor transgressions. The 
lowering of wave base, perhaps by storms, is suggested by 
the presence of several sedimentary breccia intervals.

Epitaph Dolomite
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General statement.
The Epitaph Dolomite is named for its exposure 

on the west side of Epitaph Gulch in the Tombstone Hills, 
Arizona (Gllluly, Cooper, and Williams, 1 9 5 4, p. 25)•



The Epitaph Dolomite Is not as widely exposed In 
the Qulmby Ranch area as It Is In the Plckhandle Hills.
In the eastern end of the Qulmby Hills the formation crops 
out as a low chain of hills extending to the east where 
they disappear under alluvium. In Hill 14 the upper part 
of the formation is exposed in a down-thrown fault block.

The thin-bedded Epitaph displays an excellent 
dolomitlc texture, medium to coarse crystalline, and is 
medium dark gray to brownish gray on a fresh fracture.
A pock-marked, gash-like to rough, saccharoldal surface 
texture, weathering olive gray to yellowish brown, is 
quite characteristic of the formation. Light brown silica 
knots and siliclfied patches are common. Light gray chert 
nodules are locally abundant. Approximately 900 feet of 
dolomite is exposed in the Qulmby Hills. In Hill 14, an 
estimated thickness of about 300 feet of red siltstone, 
dolomite, limestone, and sandstone constitutes the upper 
part of the formation.

The conformable contact of the Epitaph Dolomite 
with the underlying Colina Limestone is exposed in the 
Qulmby Hills. The top beds of the Colina vary from inter
calated limestones and dolomites to a mottled dolomitlc 
limestone; both lithologic types may vary in thickness. 
Gllluly, Cooper, and Williams (1954, p. 24) observed a 
similar contact in the Tombstone Hills. They included
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these transition beds in the Colina Limestone. Thus, in 
keeping with the prescribed boundary in the type area, the 
lower contact of the Epitaph in the Quimby Ranch area is 
placed above the last limestone or mottled dolomitic 
limestone before passing into massive dolomite. In the 
southeastern part of the Quimby Hills, dolomite strata 
change to gray limestone along the strike and are thus 
assigned to the Colina Limestone. The upper contact of 
the Epitaph with the Scherrer Formation, which overlies 
the Epitaph in other areas, is not exposed in the Quimby 
Ranch area or the Pickhandle Hills.

The base of the Epitaph is fairly resistant, 
forming a bluff in the Quimby Hills. Most of the formation 
forms alternating low benches and long dip slopes. The 
upper part of the formation exposed in Hill 14 is non- 
resistant, forming the foot of a dip slope.

Measured section.
A stratigraphic section was measured in the 

eastern end of the Quimby Hills (See Appendix, p.54). 
Because of the uniform lithology throughout the measured 
section, the units were defined on the basis of topo
graphic expression and the relative abundance of chert 
nodules or fossils. The textural description of the
dolomite was taken from Folk (1959, P* 19)• The upper 
Epitaph, exposed in Hill 14, was not measured because of 
poor exposure and broken, contorted bedding.
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Sillclficatlon and dolomltizatlon have almost 

obliterated the faunal record. A few scattered brachio- 
pods and gastropods, with the predominance of slllclfled 
fossil hash and echlnold spines, typify the faunal content 
of the measured section. Many of the chert nodules con
tain fossil hash and oolites that have been obscured In 
the surrounding dolomite. The shape of some of the silica 
knots suggests that they are replaced fossils. Sedi
mentary breccia Intervals are scattered throughout the 
section.

Gypsum, characteristic of the Epitaph Dolomite In 
other localities, was not observed In the Qulmby Ranch area.

Age and correlation.
The Epitaph Dolomite is less fosslliferous than 

the Collna in the Qulmby Ranch area, but it appears to 
contain nearly the same fauna. No fusullnids or other 
fauna significant for age determination were found. How
ever, because of its stratigraphic position above the 
Collna Limestone of Wolfcamplan and Early Leonardlan age 
and below the Scherrer Formation which underlies the Concha 
Limestone of Leonardlan and Guadaluplan (?) age (Bryant, 
1955. P* 125), the Epitaph Dolomite Is considered to be 
entirely Leonardlan in age, probably Middle Leonardlan.

In other localities the age of the Epitaph has 
been similarlly assigned because no diagnostic guide



fossils have been found. In the type area Williams (in 
Gilluly, Cooper, and Williams, 1954, p. 41) states that 
the Epitaph is probably Leonardlan on the basis of its 
Kaibab-llke fauna and stratigraphic position. Zeller 
(1965, p. 51) also believes the Epitaph to be Leonardlan 
in age due to the stratigraphic relationships in the Big 
Hatchet Mountains.

The Epitaph Dolomite in the Pickhandle Hills is 
very similar in lithology and thickness to that in the 
Qulmby Hills. Kelly (I9 6 6) measured more than 800 feet 
of dolomite unconformably overlain by the Glance Conglo
merate. The measured section in the Qulmby Hills has a 
thickness of 908 feet of dolomite. Correlation of beds 
from the Qulmby Hills to the Pickhandle Hills is difficult 
due to the lack of distinctive Intervals. The cherty 
Intervals in both hills do not seem to occur at the same 
stratigraphic levels.

An unsolved problem is the regional stratigraphic 
relationship of the Collna to the Epitaph. It is beyond 
the scope of this thesis to discuss this problem at length. 
However, the following brief discussion is necessary so 
that the field relationships in the Qulmby Ranch area are 
viewed in the proper perspective. The problem was recog
nized by Gilluly, Cooper, and Williams (1954, p. 2?) in 
the Gunnison Hills where Collna-llke beds are found in 
depositions! contact below the Scherrer Formation. They
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give three possible interpretations to explain this rela
tionship. Bryant (1955. P* 42-44) discusses these 
interpretations and suggests two more plausible explanations. 
Zeller (1965. P* 51). from field observation in the Big 
Hatchet Mountains, the Sierra Boca Grande in Mexico, and 
other localities, concluded that 11. . . regional evidence 
clearly favors the hypothesis that the Epitaph Dolomite 
represents a locally dolomltlzed portion of the upper part 
of the Colina-Epltaph sequence; only in areas where dolo
mite predominates in the upper part is the Epitaph clearly 
separable from the Colina.M The interbeds of dolomite in 
the upper part of the Collna, the variation in the Colina- 
Epltaph contact, and the limestone-dolomite facies in the 
southeastern part of the Qulmby Hills, all seem to favor 
the "Epitaph facies of the Collna" concept.

The Epitaph Dolomite is ?83 feet thick in the type 
area; however, it does not outcrop north of the Dragoon 
Mountains (Gllluly, Cooper, and Williams, 1954, p. 25-27). 
Sabins (1957, p. 495) and Glllerman (1958, p. 40) report 
the absence of the Epitaph Dolomite in the Chlrleahua 
Mountains and the Pelonoillo Mountains, respectively. To 
the east of the Qulmby Ranch area, Zeller (1965, p. 50) 
states that approximately 1500 feet of Epitaph is present in 
the Big Hatchet Mountains; and to the west in the Pedregosa 
Mountains, Epls (1956, p. 105-106) measured 1350 feet of 
Epitaph, with the upper 550 feet composed of less resistant

32



33
dolomite, limestone, shale, siltstone, and sandstone. The 
908 feet of dolomite measured In the Qulmby Hills and the 
estimated 300 feet of nonreslstant upper Epitaph beds In 
Hill 14, similar to that in the Pedregosa Mountains, indi
cate that the thickness of Epitaph Dolomite In the Qulmby 
Ranch area Is of the same magnitude as In areas to the 
east and west.

Conditions of deposition.
The Epitaph Dolomite was deposited in a regressing 

sea. Shallowing of the sea is Indicated by the sedi
mentary breccias, oolites, and the deposition of clastic 
material In the upper part of the formation. A shrinking 
of the Pedregosa Basin Is Indicated by the precipitation 
of gypsum and anhydrite Interbedded with red siltstones 
and shales to the east (Zeller, 1 9 6 5, p. 50) and to the 
west (Bryant, 1955. P* 36-37)• The thickness of dolomite, 
the absence of gypsum, and the confinement of elastics 
to the upper Epitaph may Indicate the proximity of the 
basin center.

The preservation of more fossil hash in the chert 
nodules than In the surrounding dolomite suggests a 
greater abundance of fauna than is now preserved In the 
Epitaph Dolomite. Insoluble residues consist of silt- 
size quartz and clay with the darker dolomites having 
a greater percentage of organic material. The oolites.
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fauna, and Insoluble residues of the Epitaph, suggest 
that the environment of deposition was much like that of 
the Collna Limestone. Dolomltlzatlon probably took place 
shortly after limestone deposition.



POST-PALEOZOIC STRATIGRAPHY 

Lower Cretaceous

General statement.
Bumble (1901, p. 703-706) first described the 

Lower Cretaceous strata of the Mule Mountains as the Blsbee 
beds. Later Ransome (1904, p. 56-73) referred to these 
same rocks as the Blsbee Group defining the following four 
formations from the base to the top:

Glance Conglomerate: Usually reflects the litho
logic characteristics of the underlying Paleozoic and 
Precambrlan rocks; 50-500 feet thick.

Morita Formation: Dominantly dull red shales and
fine to coarse reddish brown sandstone with a few lime
stone lenses; 1800 feet thick.

Mural Limestone: Thin-bedded "dirty" limestone
at base to massive cliff-forming, clean, whitish gray 
limestone at top; 650 feet thick.

Clntura Formation: Basal limestone overlain by
alternating red shales and reddish brown cross-bedded sand
stone; 1800 feet thick.

Stoyanow (1949, p. 6-19) redefined the Blsbee 
Group of Ransome and described the Lowell Formation as a
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new formation between the Morlta and Mural Formations.
The Lowell Formation Is the only Cretaceous unit In the 
Qulmby Ranch area.

Lowell Formation.
Stoyanow (1949, P« 6-8) restricted the Mural Lime

stone of Ransome to the massive upper limestone beds and 
designated the lower fosslllferous thln-bedded limestone 
as the Lowell Formation of the Blsbee Group. He selected 
the Ninety-One Hills, south of Blsbee Junction and north 
of the International border, as the type locality. The 
standard section (Stoyanow, 1949, p. 8-12) measures 1104 
feet and Is divided Into nine membersi the Pacheta 
Member at the base, followed by the Joserlta Member, 
Saavedra Member, an unnamed member, Cholla Member, an un
named member, Quajote Member, Perllla Member, and the 
Pedregosa Member at the top. Stoyanow (1949, p. 36) places 
the Albian-Aptlan Stage boundary between the Perrllla 
Member and the Quajote Member based upon the ammonite 
fauna.

A question exists as to the exact stratigraphic 
boundaries of the Lowell Formation. Gllluly (1956, p. 74) 
states that the lower member of the Mural Limestone varies 
greatly In thickness, but has a regional thickening to the 
south. It was this thickened section that Stoyanow defined 
as the Lowell Formation. However, according to Gllluly
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(1956, p. 73) Stoyanow also Included Morita beds on Mural 
Hill near Blsbee as part of his Lowell Formation.

Stoyanow (1949, p. 8) states "To the east, as far 
as the New Mexico state line, only the upper members of 
the [Lowell] formation are Identifiable; Its major part 
Is represented by the lithologically different rocks with 
poorly preserved and probably not directly related faunas." 
Stoyanow (19^9. P» 28) also mentions that "The Clntura 
formation Is absent In this area [south of the McDonald 
Ranch and In the Guadalupe Canyon which Is approximately 
five miles east of the Qulmby Ranch area], and the sequence 
terminates In the Mural Limestone." From the above state
ments and field study, the outcrops In the southeastern 
comer (sec. 13) of the Qulmby Ranch area were mapped as 
the Lowell Formation and assigned to the Pedregosa and 
Perllla Members. A reconnaissance section was measured 
showing approximately 550 feet of the Lowell Formation 
exposed. The lower 240 feet are predominantly yellowish 
brown to gray oolitic and pelecypod limestone weathering 
orange brown to gray. Various thin sandstone and covered 
intervals are present. The upper 310 feet are yellowish 
brown to gray oolitic, pelecypod limestone and friable, 
cross-bedded, reddish brown sandstone with approximately 
half of the interval covered.



The interbedded limestone and sandstone probably 
reflect a frequently shifting shoreline with brief encroach
ments of the Early Cretaceous sea.

Quaternary
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Older alluvium.
The older alluvium, possibly in part contempor

aneous with the Tertiary rhyolite to the east, is defined 
here as that alluvium which is older than the Quaternary 
basalt. Epis (1956, p. 199) observed that consolidated, 
mildly deformed older alluvium underlies the Quaternary 
basalt at the mouth of Tex Canyon in the Pedregosa Mountains. 
This relationship is not present in the Quimby Ranch area. 
However, consolidated, gently dipping, thin-bedded lime
stone alluvium is observed in both the Quimby Hills and 
Hill 14, covered by a veneer of unconsolidated limestone 
alluvium. Whether these dips are primary or a product of 
mild deformation could not be resolved.

San Bernardino basalt.
The composite Quaternary basalt flows in the San 

Bernardino Valley has been called the San Bernardino basalt 
by Epis (1956, p. 199)*

An outlier of the San Bernardino basalt, which 
almost totally covers section 10, is present in the western 
part of the Quimby Ranch area. The black to reddish brown
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basalt is dense, but scoriaceous zones are present. Whether 
or not these scoriaceous zones are related to a specific 
stratigraphic interval could not be determined. The 
basalt contains phenocrysts of olivine and plagloclase set 
In an aphanltic groundmass. The topographic relief of the 
basalt is 80 feet with the base not exposed. Indicating 
the thickness to be greater than 80 feet.

Epls (1956, p. 200) believes that prior faulting 
served as channel-ways for the basalt on the east flank 
of the Pedregosa Mountains. No indication of a fault 
that could have served as a conduit exists in the Qulmby 
Ranch area; it is more likely that the Hay Hollow Wash 
eroded and separated the basalt in the mapped area from 
the main flow which exists 2 miles to the north.

The extrusion of the extensive flat-lying basalt 
sheet to the north, exhibiting fresh cinder cones and flow 
structure, was the last geologic event prior to the present 
erosion and deposition.

Younger alluvium.
Five major types of younger alluvium are present 

in the Qulmby Ranch area.
The limestone alluvium on the upper slopes of the 

hills is unconsolidated except along arroyos where the 
alluvium is cemented with caliche to make a calcrete.
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Slits and clays In clenega-llke areas are present 

In the washes that encircle Hill 14 and the Qulmby Hills.
On the lower slopes In the western part of the 

Qulmby Ranch area, between the approximate elevations of 
3960 and 4080 feet, consolidated fluvial sandstone deposits 
crop out and encircle the Isolated basalt flow. These 
deposits are composed principally of basalt fragments with 
minor amounts of larger limestone and rhyolite fragments, 
and are cemented with llmonlte and caliche. The sandstone 
Is thln-bedded to laminated exhibiting small scale cross
bedding and graded bedding.

Concentrations of unconsolidated rhyolitic, basaltic, 
and of Cretaceous (?) gravelly alluvium are scattered along 
the northern lower slopes of the Qulmby Hills and in the 
western and southwestern part of the Qulmby Ranch area.
In many places these deposits cover the fluvial sandstone 
strata described above.

The drainage of an arroyo on the west side of the 
Qulmby Hills has been Impeded by basalt. A small playa- 
llke deposit has formed In a low area adjacent to the 
basalt.



STRUCTURE

General Statement
Normal faulting and low angle thrusting together 

with erosion have produced the topographic expression of 
the Quimby Hills and Hill 14 so that they are isolated 
structural blocks separated from each other and from 
surrounding outcrops by alluvium (Plate I).

Quimby Hills

Faults.
The outstanding structural feature in the Quimby 

Hills is a low angle thrust fault that cuts across the 
upper part of the Earp Formation. The upper siltstone 
member of the Earp, because of its Inherent weakness be
tween the more competent Colina Limestone and the lower 
limestones of the Earp, is thrust faulted so that all or 
part of the siltstone member has been removed. Any re
maining siltstone beds are usually sheared and contorted. 
In the northwestern part of the Quimby Hills a klippe of 
Colina is underlain by the lower limestone member of the 
Earp Formation. The thrust sheet and underlying rocks 
have been cut by several northeast-trending normal faults 
and by the postulated northwest-striking normal fault at 
the eastern end of the Quimby Hills. Other normal faults
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that cut the thrust sheet are of small magnitude and may 
be tear faults or Indicate adjustment of the thrust plate 
after thrusting or later folding. Neither the thrust 
fault nor the Earp Formation are exposed In the eastern 
half of the Qulmby Hills, because they are covered by the 
Collna Limestone and Epitaph Dolomite thrust sheet. In 
the subsurface the fault probably cuts younger rocks to 
the east (Plate II), as Kelly (1966) recognizes a thrust 
contact between the Epitaph and the underlying rocks In 
the Plckhandle Hills.

Parts of the Earp Formation are repeated under 
the Collna thrust sheet suggesting either normal faulting 
prior to thrusting or that thrusting also occurred lower 
In the Earp.

A northwest-striking normal fault Is postulated 
between the Qulmby Hills and the Plckhandle Hills, and 
trends to the west along the northern edge of the Qulmby 
Hills. The strata, which strike Into the streambed on 
the south side of the fault, are considered the upthrown 
block because at a lower elevation north of the Qulmby 
Hills no upper Paleozoic rocks crop out. Vertical dis
placement is estimated to be more than 1500 feet. Kelly 
(1966) recognizes a north-striking normal fault which has 
dropped Cretaceous rocks on the west side against Permian 
rocks along the west front of the Plckhandle Hills. Along 
the southern end of the Plckhandle Hills, Kelly (1 9 6 6)
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also maps a normal fault, which at its western-most 
exposure swings northwest toward the Qulmby Hills. The 
writer believes that the northwest-striking normal fault 
postulated between the Qulmby Hills and the Pickhandle 
Hills belongs to the same fault system recognized by Kelly 
(1966).

The thrust fault is younger than the Permian rocks 
that it cuts and is older than the normal faults that cut 
it. No upper age, other than pre-alluvium, can be 
assigned to the faults in the Qulmby Hills.

Folds.
The Qulmby Hills are an anticlinal structure. The 

axis of the fold, located near the middle of the hills, 
trends roughly north-south and plunges south. The observed 
attitudes on both flanks of the structure are varied, the 
majority of the dips ranging from 14 to 30 degrees. The 
fold at its northern-most exposure is truncated by the 
west-trending normal fault that extends along the north 
side of the Qulmby Hills. The downthrown block to the 
north is concealed by alluvium. To the south the fold 
loses its identity beneath alluvium and does not reappear 
in Hill 14.

The folding may have originated as a result of 
magmatic activity in the Basin and Range Province during 
mid-Tertiary time (Damon and Blckerman, 1954, p. 75)•



Several small outcrops of Intrusive rocks believed to be 
Tertiary and concentrations of Tertiary rhyolite float were 
observed along the north front of the Qulmby Hills.
Tertiary rhyolite crops out 2| miles east of the Qulmby 
Ranch area. Tertiary folding affecting the "post- 
thrusting” structure may have caused the variation in 
attitudes in the anticlinal structure. The normal faulting, 
recognized in the Qulmby Hills, was probably associated 
with the folding since tectonlsm In the Basin and Range 
Province Is known to have accompanied the mid-Tertiary 
magmatism (Damon, Erickson, and Livingston, 1 9 6 3, p. 119;; 
Damon and Mauger, 1 9 6 6, p. 100-101).

Hill 14
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Faults.
Northeast- and northwest-striking normal faults 

have broken Hill 14 into a series of fault blocks. Thrust 
faulting is not recognized in Hill 14.

In the northwestern part of Hill 14, a block of 
Collna Limestone has been altered to a light gray-weathering 
dolomite. In a northeast-striking fault zone, on the 
eastern side of this Collna block, the limestone has been 
metamorphosed to a light yellowish gray marble in several 
places.



The steeply dipping northwest-striking fault in 
the SE& SW^ sec. 11 has dropped the upper Epitaph on the 
northeast against the Colina Limestone suggesting a vertical 
displacement of approximately 900 feet. To the south 
another northwest-striking fault has dropped the Epitaph 
on the northeast against the Colina Limestone.

In the western part of Hill 14 the lower limestone 
member of the Earp Formation is exposed on the northeast 
side of a northwest-striking normal fault and is in contact 
with an upthrown block of silicifled limestone (Fig. 2A) 
of undeterminable age. Drag folding has occurred in the 
Earp limestones along the length of the fault.

The annular drainage pattern around the eastern 
and southern flanks of Hill 14 may Indicate a circular 
fracture or fault system, which could have originated 
during Tertiary time.

The normal faults are younger than the Permian 
rocks they cut, but an upper relative date cannot be 
assigned to them. However, the normal faulting in Hill 14 
is believed to be contemporaneous with the nearby normal 
faulting in the Quimby Hills.

Folds.
The upper Epitaph strata in the northern part of 

Hill 14 have been badly contorted and faulted, obscuring 
any structural relationship that might have existed with
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the Qulmby Hills. Attitudes vary considerably; reversal 
of dips have been observed within ten foot stratigraphic 
intervals. The angle of dip may be as great as 40 degrees. 
These beds and the dolomitized Colina block in the northern 
part of Hill 14 may have been Involved in the thrust 
faulting that occurred in the Qulmby Hills prior to normal 
faulting.

With the exclusion of the northern part of Hill 
14, the dip of the strata averages 12 degrees in an 
easterly direction.



GEOLOGIC HISTORY

During early Paleozoic time, southeastern Arizona 
was a shelf area, over which seas spread from the Sonoran 
Geosyncline located to the south. Sedimentation was not 
continuous but was marked by repeated advances and with
drawals of the sea. During or after the Ordovician Period, 
withdrawal of the sea resulted In either non-deposition 
of Silurian rocks or If Silurian rocks were deposited, they 
were eroded before the Devonian. Deposition was renewed 
with the readvance of the sea In Devonian time. With re
peated transgressions and regressions of the sea and the 
subsidence of the Pedregosa Basin In the southeastern 
comer of Arizona, a very thick sequence of rocks was de
posited In late Paleozoic time. After the deposition of 
the Horqullla Limestone, the lower Earp limestone was 
deposited In a regressing sea. A marginal marine environ
ment followed, increasing the amount of clastic deposition 
in the upper part of the formation. A readvancing but 
oscillating sea deposited the Collna Limestone in quiet 
water. Later, the Epitaph Dolomite, with an increased 
amount of clastic material In the upper part of the 
formation, was deposited In a regressing sea. Although 
not present In the Qulmby Ranch area, younger Permian
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rocks outcrop along the margins of the basin. The writer 
proposes that erosion has probably removed these rocks 
from the Qulmby Ranch area.

The erosion of Paleozoic rocks and the scarcity 
of Trlasslc and Jurassic rocks In southeastern Arizona 
suggest that a long period of erosion followed the close 
of Permian time. Early Cretaceous time Is marked by a 
readvance of the sea over the Glance Conglomerate which 
had been deposited with angular discordance on an erosion 
surface that developed during Trlasslc and Jurassic time. 
The Early Cretaceous seas were warm and shallow, with 
abundant life. Clastic rocks, and the fosslllferous and 
oolitic limestones of the Lower Cretaceous Blsbee Group 
were deposited In this sea. Deformation, after the deposi
tion of the Blsbee Group, was probably Intermittent from 
Late Cretaceous into Miocene time, and was accompanied 
by erosion which has continued to the present.

Deformation of the Naco Group between the Permian 
and Early Cretaceous time Is recorded by the angular un
conformity of the Glance Conglomerate on the Epitaph 
Dolomite In the Plckhandle Hills, and by the possible 
normal faulting of the Earp Formation under the Collna 
thrust sheet In the Qulmby Hills. Later gravity gliding 
or compresslonal forces caused the thrusting of the Collna 
Limestone over the weak siltstones in the upper member



of the Earp Formation. Folding and possibly doming 
followed by major normal block faulting, which formed the 
Qulmby Hills and Hill 14, probably occurred during the 
Oligocene-Miocene Epochs when the area was subjected to 
a pulse of volcanic activity with the extrusion of rhyolite 
flows and pyroclastlcs. Selective slllclfIcatlon of 
fossils and the slllclfIcatlon of fracture zones probably 
occurred at this time, with the circulation of heated, 
slllca-bearlng waters from the adjacent Igneous areas.

As the tectonic and igneous activity subsided, 
the newly uplifted Qulmby Hills and Hill 14, and much of 
the rhyolite cover were eroded. The newly derived sediment 
was deposited as older alluvium. Erosion was Interrupted 
In the San Bernardino Valley by the extrusion of cinder 
cones and basalt flows over much of the valley during late 
Cenozoic time. Erosion of the various outcropping strata 
and subsequent deposition constitute the alluvium that Is 
being formed today.



FIGURE 3

a. Packed fusullnld blomlcrudlte; lower limestone 
member of the Earp Formation (section II, unit 11). 
Photomicrograph Xl4, crossed nlcols.

b. Packed fusullnld blomlcrudlte; hand specimen 
showing fresh and weathered surface; lower 
limestone member of the Earp Formation (section 
II, unit 11).

c. Packed fusullnld blomlcrudlte; sawed and polished 
slab; lower limestone member of the Earp 
Formation (section II, unit 11).

d. Oomlcrlte; recrystallized oolites; Collna Lime
stone (section I-A, unit 8). Photomicrograph 
X14, crossed nlcols.

e. Oomlcrlte; hand specimen showing oolites on 
weathered surface; Collna Limestone (section 
I-A, unit 8).

f. Dolomite sedimentary breccia; Epitaph Dolomite 
(section I, unit 9).
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FIGURE 3



FIGURE 4

a. Branching bryozoans etched with acetic acid; 
Collna Limestone (section I-A, unit 10).

b. Productld brachlopods with spines Intact, 
etched with acetic acid; Collna Limestone 
(section I-A, unit 10).

c. Silty packed gastropod blomlcrudlte; weathered 
and polished surface; Earp Formation (section 
II, unit 1).

d. Phylloid algae in micrltic matrix; Earp 
Formation (from float in Quimby Hills).

e. Euomphalus pemosus; Earp Formation (section 
II, unit 1).

f. Branching bryozoans in micrltic matrix; Earp 
Formation (from float in Quimby Hills).
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FIGURE 5

a. Lithosparrudlte; polished slab; Earp 
Formation (section III, unit 18).

b, c. Syrlngopora-llke coral; slllclfled hand
specimen and polished slab, respectively; 
Earp Formation (section II, unit 11).

d. Syrlngopora-llke coral; cross-section from
near top of c; arrows point to Internal 
septal spines; Earp Formation (section II, 
unit 11). Photomicrograph Xl4, crossed 
nlcols.



FIGURE 5



FIGURE 6

Lithosparlte; Earp Formation (section I, 
unit 12). Limestone llthoclasts medium to fine grained.
Poorly winnowed blomicrlte; foramlnlfera and 
fossil hash in subequal lime mud and sparry 
cement; Earp Formation (section II, units 10 
and 1 9, respectively).
Packed biosparite; fossil hash in sparry 
cement; Earp Formation (section III, unit 1?).
Oolitic dolomite; arrows point to oolite 
ghosts; Epitaph Dolomite (section I, unit 8).
Dolomite; coarsely crystalline; Epitaph 
Dolomite (section I, unit 8).

All photomicrographs X14, crossed nicols
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APPENDIX

SECTION I

Section of the Earp Formation measured on the 
west side of the Pickhandle Hills below the 
main peak of Mac Hill (Fig. 1). Base of section 
located NW£ SEt sec. 7. T. 24 S., R. 32 E., 
elevation 4450 feet. The section was offset 
approximately 500 feet to the north at 30 feet 
above the top of the lower member of the Earp.
The offset was from a covered interval to the 
lowest exposure of red siltstone. Poor ex
posures and structural complications make this 
correlation only approximate with probably less 
than 50 feet of the upper member lost. Top of 
section located c, e£, sec. 7, T. 24 s., R. 32 E., 
elevation 4800 feet. The strike varies from 
N. 20° W. to N. 15° E., with dips of 10o-20° 
easterly. Poor exposures and faulting in the 
base of the upper member make it possible that 
units 9 and 11 are a repeated section. The 
interbedded siltstones in the lower member 
suggest movement by their gnarled appearance.
Due to a north trending fault, Cretaceous 
strata crop out at the base of the hills below 
the measured section. Above the top of the 
measured section a thrust contact exists be
tween the Colina Limestone and the Epitaph 
Dolomite with most of the Colina missing. The 
measurements were made using a Jacob staff.
Each 5 foot Interval was marked with blue spray 
paint.

Colina Limestone:
Oomicrlte, medium dark gray (N 4), weathering light 
gray (N 7); thin-bedded.

Conformable contact.
Earp Formation:

Upper Member:
17* Silty micrlte, grayish red (5R 3/2), 

weathering pale yellowish brown (10YR

Thickness 
(feet)

6/2);
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Thickness
(feet)

1? • (continued)
cros9-"becT4ed;; scattered small gastropods; 
chert nodules, reddish brown (10H 5/6) 
near top; Collna-llke mlcrlte at base; 
ledge former; thln-bedded..................  15

16. Silty claystone, weathering pale yellowish 
orange (10YR 8/4); hackly; very poorly 
exposed..................................... 4

15• Silty mlcrlte to calcareous slltstone,
light brownish gray (5YR 6/1), weathering 
light brown (5YB 6/4); Collna-llke sparse 
blomlcrlte at base; coated grains, gastropods, 
echlnold spines, foramlnlfera, shell hash; 
resistant Interval, forms ledge; thln- 
bedded......................................13

14. Slltstone, calcareous, pale red (5R 6/2), 
weathering pale reddish brown (10R 5/4); 
resistant Intervals are trough cross- 
bedded, nonreslstant Intervals hackly; 
plant fragments (?) 45 feet from base; thln-
bedded to laminated.......... ..............103

13• Covered, probably red slltstone; offset
of section.................................. 15

12. Llthosparlte, pale red (5R 6/2), weathering 
light brownish gray (5YR 6/1); Interbeds of 
laminated slltstone, pale red (5YR 6/2), 
weathering pale red (10R 6/2); Interval 
poorly exposed; thln-bedded.................  16

11. Llthosparrudlte, varicolored pink, red,
gray; pebbles up to 3 Inches diameter; some 
red chert pebbles; llthoclasts of various 
Earp lithologies; diverse weathering 
textures; thick-bedded............   6

10. Sparse fusullnld blomlcrlte, mottled light 
brownish gray (5YR 6/1) and brownish gray 
(5YR 4/1), weathering pale yellowish brown 
(10YR 6/2) and light gray (N 7)$ fusullnlds, 
brachlopods, shell hash, thln-bedded........  17
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Thickness(feet)

9* Lithoaparrudlte-11thesparlte, vari
colored pink, red, gray; larger 
llthoclasts floating in 11thosparlte; 
some red chert pebbles; llthoclasts of 
various Earp lithologies; thick-bedded..... 15

Thickness of upper member (units 9-1?)••..204 
Lower Memberi

8. Mlcrlte, grayish red ( $ R  4/2), weathering
reddish orange (10R 6/4), thin-bedded......  16

?. Covered, probably siItstone and mlcrlte..... 12
6. Poorly winnowed packed biomicrlte, light 

brownish gray (5YR 6/1), weathering pinkish 
gray (5YR 7/1); several small covered 
intervals; fusullnlds, fossil hash, echinold 
spines; ledge former; thin-bedded..........  28

5. Poorly winnowed packed biomicrlte, pale red 
(5R 6/2), weathering grayish pink (5YR 7/1); 
numerous intervals of poorly exposed cal
careous slltstones, weathering pinkish red 
(5R 6/4); 7 foot covered interval near 
middle; fusullnlds, echinold spines, fossil 
hash; thin-bedded..........................  43

4. Fusullnld blosparrxtditm to packed biomicrlte, 
medium light gray (N 6), weathering light 
gray (N 7); few mottled zones, grayish red 
(5R 5/2), weathering moderately yellowish 
brown (10Y 5/4); fusullnlds, crinoid stems, 
echinold spines and plates, fossil hash, 
small high spired gastropods; slllclfied 
fractures; ledge former at base; thin- to 
thick-bedded............... ................ 19

3. Fosslllferous 11thosparlte, medium dark gray 
(N 4) with gray, red, yellow llthoclasts, 
weathering medium light gray (N 6); fusullnlds, 
crinoid stems, brachlopods, echinold spines; 
some gray chert; thin-bedded....... ........ 2

2. Covered, probably thin-bedded biosparlte.... 12
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1. Blosparite, medium gray (N 5)•
weathering light gray (N7)i fossil hash, 
fusulinids, small high-spired gastropods, 
brachiopods, eohinoid spines*, sty loll tesi 
thin-bedded........................... ..... 10
Thickness of lower member (units 1-6).....142
Thickness of Earp Formation
(units 1-1 7).............. . ..............346

Alluvium.

Thickness
(feet)



SECTION II

Section of the Earp Formation of the Naco 
Group in the Quimby Hills. Base of section 
in the saddle at the NE corner SE£ sec. 3,
T. 24 S.. R. 31 E., elevation 4300 feet.
Top of section 1000 feet S. 80° W. of same 
comer, elevation 4320 feet (Fig. 1). The 
formation is well exposed with dips of 10°
W. at the base to 35° W. near the top. The 
strike was fairly constant (N. 10° V.) except 
in the thrust zone. The upper siltstone 
units are involved in thrusting, with most of 
them showing movement. Small offsets were 
made along the measured section in an attempt 
to follow the best exposures. Each 5 foot 
Interval was marked with blue spray paint.

Colina Limestone:
Mlcrlte, brownish gray (5YB 4/1), weathering 
medium light gray (N 6), where fractured near 
base mottled with pink; thin- to thick-bedded.

Fault.
Earp Formation:

Upper Member:
Thickness
(feet)

2 9. Silty to sandy mlcrlte, grayish red
(5R 6/2), weathering pale red (5R 6/2), 
some Collna-like; interbedded with 
nonreslstant calcareous siltstones, pale 
red (5R 6/2) to grayish orange (10YR 7/4), 
weathering pale reddish brown (10R 5/^). 
to pale yellowish brown (10YR 6/2); 10 
foot covered Interval near middle; thin- 
bedded................ .....................  48

28. Siltstone, calcareous; pale red (5R 6/2), 
weathering pale red brown (10R 5/*0 ; 
coarser grained than siltstones of unit 
29; small scale cross-bedded; fractured 
but resistant; thin-bedded.................  28
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Thickness
(feet)

2?. Siltstone, calcareous; pale red brown
(10R 5/4), weathering pale red (10R 6/2); 
alternating coarser grained, small scale
cross-bedded, resistant, thln-bedded to 
laminated with finer grained (some clay 
size), nonreslstant, very thln-bedded, 
hackly intervals............................69

26. Covered, probably llthosparlte with
scattered pebbles at the base; red cal
careous slltstone at the top........ .......4?

2 5. Llthosparrudlte, varicolored pink, red,
gray; rounded pebbles up to 1 inch diameter; 
pebbles weather differently because of 
textural variations; llthoclasts show 
various Earp lithologies; thick-bedded.....  8

Thickness of upper member (units 25-29)••.200 
Lower member:

24. Sparse to packed blomlcrlte, pale red
(5R 6/2), weathering pinkish gray (5%R 8/1 ); 
some Interbeds of red calcareous slltstone; 
thrust-fault; fusulinlds, fossil hash;
thln-bedded. ........................ ......37

23• Covered, probably red slltstone and
blomlcrlte....... ..........................  38

2 2. Mlcrlte, grading to a packed fusulinid 
blomicrudlte at top; pale red (5R 6/2 ), 
weathering pinkish gray (5YR 8/l); chert 
nodules near top; fusulinlds, brachlopods, 
fossil hash; thln-bedded...................  30

21. Poorly winnowed packed blomlcrlte to bio- 
mi erudite, becoming a fosslllferous mlcrlte 
at base; moderate red (5R 5/4), weathering 
mottled orange pink (10R 10/4) and light 
gray (N 7); echinold plates and spines, 
brachlopods, rugose corals, foramlnlfera.
fossil hash; thln-bedded...................  15

20. Covered, probably red slltstone and
mlcrlte........ ............................  5
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19• Poorly winnowed packed blomlcrlte;
moderate red (5R 5/4). weathering mottled 
orange pink (10R 6/4) and medium light 
gray (N 6 ); scattered chert nodules1 
fossil hash1 4 foot covered interval near 
middle; grades to mlcrite, dark reddish 
brown (10R 4/4) at top; thin-bedded........  21

18. Poorly winnowed packed blomlcrlte and 
packed fusullnld blomierudite, reddish 
gray (5R 4/2), weathering pinkish gray 
(5YR 8/1) to grayish orange (10YR 7/4); 
fusullnlds, eehlnold spines, orlnold 
stems, bryozoans; some slllolfIcatlon 
of fossils; thin-bedded.... ................  10

l?. Sparse blomierudite to fosslllferous 
mlcrite, light brownish gray (5YR 6/1), 
weathering pale yellowish brown (10YR 6/2), 
becoming mottled with medium light gray 
(N 6 ) upward; fossil hash* orlnold stems, 
bryozoans; some slllolficatlon of fossils;

Thickness(feet)

thin-bedded........................ ........ 10

16. Packed blomlcrlte to fusullnld blomierudite, 
reddish gray (5R 4/2), weathering pinkish 
gray (5YR 8/1); small hlgh-splred gastropods, 
fusullnlds, fossil hash; thin-bedded.......  12

15* Fosslllferous mlcrite to packed blomlcrlte, 
brownish gray (5YR 5/1), weathering pinkish 
gray (5YR 8/1); chert nodules In lower 10 
feet (up to 6 Inches diameter); few stylolltes; 
fossil hash, brachlopods, fusullnlds, small 
hlgh-splred gastropods, bryozoans; thin-
bedded.......... ...........................30

14. Covered, probably mlcrite to fosslll
ferous mlcrite................... .......... 4

13, Mlcrite, pale red (5R 6/2), weathering
grayish orange (10YR 7/4); alternating with 
sparse blomlcrlte, medium light gray (N 6 ); 
fossil hash; very thin covered Intervals, 
may be red si It stone; thin-bedded..........  26
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12. Packed fusullnid biomierudite to poorly 
winnowed packed biomlcrite, pale red 
(5R 5/2). weathering pale grayish orange 
pink (5YR 7/1); fusulinids, small high- 
spired gastropods, fossil hash, coated 
grains; few very thin covered intervals, 
possibly red slltstones; thin-bedded........ 35

11. Sparse biomlcrite to packed fusullnid
blomlerudite, medium gray (N 5)» weathering 
light gray (N 7); colonial corals, fusulinids, 
fossil hash; thin- to thick-bedded......... 30

10. Poorly winnowed packed biomlcrite, brownish 
gray ($YR 4/1), weathering pale yellowish 
brown (10YR 6/2) and light brownish gray 
(5YR 6/l); fusulinids, small high-spired 
gastropods, fossil hash, coated grains; 
thin-bedded.......     31

9- Covered, probably same as below............  9
8. Poorly winnowed packed biomlcrite to bio- 

mi erudite, brownish gray (5YR 4/1), 
weathering light brownish gray (5YR 8/1); 
rugose corals, echinoid spines, fusulinids, 
fossil hash; thin-bedded....................  24

7* Covered, probably red siltstone and
red mlorlte................................. 8

6. Intramierudite, dark reddish brown (10R 3/4), 
weathering pale red (10R 6/2); very 
thin-bedded................................. 2

5. Packed blomlerudite to biomlcrite, medium 
dark gray (N 4), weathering medium gray 
(N 5); rugose corals, brachlopods, 
fusulinids, fossil hash; thin-bedded......... 7

4. Sparse biomlcrite, grayish red (5R 4/2), 
weathering mottled; thin Interbeds of red 
siltstone, poorly exposed; fossil hash; 
thin-bedded..........................   16

3» Siltstone, calcareous; moderate reddish
brown (10R 4/6); thin-bedded................. 4

Thickness
(feet)
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Thickness 
(feet)

2. Covered, probably red slit-
stone.......................... .......... 15

1. Slltstone, calcareous $ moderate reddish 
brown (10R 4/6); Interbedded with silty 
blomlerudite, moderate reddish orange 
(10R 6/6)$ both weathering to mottled 
grays and reds; crlnoid stems, gastropods, 
echlnoId spines, brachlopods, fusullnids, 
branching and fenestrate bryozoans, fossil 
hash; very thin- to thln-bedded............  29

Thickness of lower member (units 1-24) . . . . 4 7 1

Thickness of Earp Formation
(units 1-29)..............................671

Stream valley, base of section not exposed.



SECTION III

Section of the Earp Formation on Hill 14.
Base of section is 4350 feet S. 52° E. from 
the windmill in the SEi NE& sec. 15. T. 24 S.,
R. 31 E.. elevation 4200 feet. Top of section 
is 550 feet S. 52° E.. elevation 4400 feet 
(Fig. 1). The formation is well exposed with 
the dips varying from 110-14° E. The strike 
varies from N. 32° W. at the bottom to N. 25°
W. near the top. The upper slltstone units 
are fractured but only slight movement is 
indicated. Small offsets were made along the 
measured section in an attempt to follow the 
best exposures. Each 5 foot interval was 
marked with blue spray paint.

Collna Limestone:
Fossiliferous micrlte, medium dark gray (N 4), 
weathering light gray (N 7)l interbedded with 
silty micrlte, brownish gray (5YR 5/1), 
weathering pinkish gray (5YR 8/1); fossil 
hash; finely cross-bedded; stylolltes; thick- 
bedded.

Conformable contact.
Earp Formation:

Upper member:
Thickness
(feet)

30. Slltstone, calcareous; pale grayish 
red (5R 5/2), weathering pinkish red 
(5R 7/2); poorly exposed; thin-bedded........14

29. Slltstone, calcareous; pale red (5R 6/2), 
weathering reddish brown (10R 5/6); base 
nonreslstant, poorly exposed, laminated 
bedded grading upward to resistant, trough 
cross-bedded, thin-bedded Intervals........  13

28. Quartz sandstone, calcareous; grayish orange 
pink (5YR 7/2); very fine-grained; subangular; 
fair sorted; cross-bedded; iron-stained; 
thin-bedded.................................  4
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Thickness
(feet)

2?. Slltstone, calcareous; pale grayish 
red (5R 5/2), weathering pinkish red 
(5R 7/2); nonreslstant; poorly exposed...... 23

26. Slltstone, calcareous; pale grayish red 
(5R 5/2), weathering pinkish red (5R 7/2); 
alternating nonreslstant, finer grained 
(some claystone), laminated with re
sistant, coarser grained, cross-bedded, 
thln-bedded Intervals; plant fragmented?)... 28

2 5. Silty claystone, calcareous; pale reddish 
brown (10R 6/4); nonreslstant; badly 
weathered; hackly; probably very thln- 
bedded..........  45

24. Llthoclastlc slltstone, pale grayish red 
(5R 5/2 ), weathering pale yellowish brown 
(10YR 6/2); resistant; cross-bedded; thln- 
bedded...................................... 22

2 3. Silty claystone, calcareous; pale grayish 
red (5R 5/2), weathering grayish red 
(5R 4/2); hackly; badly weathered; poorly 
exposed; very thln-bedded to laminated...... 34

22. Llthosparlte, pale grayish red (5R 5/2), 
weathering light brownish gray (5YR 6/1); 
laminated Interbeds of nonreslstant sllt
stone, pale reddish orange (10R 6/4); 
thln-bedded to laminated...................  9

21. Covered, probably red slltstone with thin
Intervals of llthosparlte.............   8

20. silty claystone, calcareous; pale reddish 
orange (10R 6/4); hackly; very thln- 
bedded............     8

19* Llthosparlte, pale grayish red (5R 5/2), 
weathering light brownish gray (5YR 6/1); 
laminated interbeds of nonreslstant sllt
stone, pale reddish orange (10R 6/4); 
thln-bedded........................ ........ 6
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Thickness
(feet)18. LIthosparrudlte, varicolored pink, red, 

gray; rounded pebbles up to 3 inches 
diameter; diverse textures; llthoclasts 
of various Earp lithologies; thick- 
bedded..... ................................ ..%

Thickness of upper member (units 18-30)...221 
Lower memberi

1?. Biospar!te and biosparrudlt* pale red
(10B 6/2), weathering light brownish gray 
(5YR 6 / 1 )5 grading to poorly winnowed 
packed biomicrite to blomlerudite at top; 
stylolltea; 5 foot covered Interval near 
middle; hematite veins; fusullnlds, crlnold
stems, brachlopods, fossil hash; thin- 
bedded...................................... 16

16. Sparse fusullnid blomlerudite to packed 
biomicrite, pale red (5R 6/2), weathering 
pale red (10B 6/2); Interbedded poorly 
exposed red slltstone; thin-bedded.........  13

15. Fusullnid blosparrudttte to blosparlte, 
medium gray (N 5). weathering pale 
yellowish brown (10YB 6/2) to very pale 
orange (10YB 8/2); sparse fusullnid bio- 
mi orite, pale red (5B 6/2), weathering pale 
red (10B 6/2) at base; fusullnlds, echinoid 
spines, crlnold stems, rugose corals, 
gastropods, brachlopods, fossil hash; ledge
former; thin-bedded.... ............   1?

14. Silty claystone, poorly exposed............  7
13• Poorly winnowed sparse biomicrite, pale 

red (5B 6/2), and light gray (N 7). 
weathering mottled; gastropods, foramlnlfera, 
fossil hash; thin-bedded..............  6

12. Blosparlte, light brownish gray (5YB 6/1), 
weathering pinkish gray (5YB 8/1); hematite 
veins; foramlnlfera, fossil hash; thin- 
bedded...................................... 11

11. Poorly winnowed packed biomicrite, light 
brownish gray (5YB 6/1), weathering light 
gray (N 7); coated grains, fossil hash; hematite 
veins; most of interval covered; thin- bedded........................ ............. 26
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10. Poorly winnowed packed blomlerlte,
medium gray (N 5). weathering mottled 
light gray (N 7) and very light gray 
(N 8 ) i hematite veins; brachlopods, 
gastropods, coated grains, eohlnold 
spines and plates, fusullnlds, fossil

Thickness
(feet)

hash; thln-bedded..........................  7
9. Packed blomlerlte, light brownish gray 

(5YR 6/1), weathering light olive gray 
(5X 6/1); hematite veins; coated grains, 
brachlopods, fossil hash; thln-bedded...... 10

8. Covered, probably same as unit 7»••••••••••• 18
7* Dlsmlcrlte, pale reddish brown (10R 5/4), 

weathering mottled pale red (10R 6/2) and 
moderate reddish orange (10R 6/6); thln- 
bedded to laminated..... ..................   7

6. Packed blomlerlte grading to blosparlte 
upward, light brownish gray (5YR 6/1), 
weathering medium light gray (N 6); hema
tite veins; some small covered Intervals, 
probably same; fossil hash, eohlnold spines.
brachlopods, fusullnlds, coated grains; 
thln-bedded..................    25

5. Intraclastlc dlsmlcrlte, pale red (5R 6/2), 
weathering grayish orange pink (5%R 7/2); 
hematite veins; thln-bedded.................. 3

4. Sparse blomlerlte, medium gray (N 5). 
weathering medium light gray (N 6); 
fossil hash, eohlnold spines, fusullnlds; 
thln-bedded...............................    13

3. Covered, probably mlcrite to blomlerlte.....  17
2. Intramlorlte to mlcrite at base, light

brownish gray (5YR 4/1), weathering yellowish
gray (5Y 7/2); hematite veins; thln-
bedded...................................... 10

1. Packed blomlerlte, pale grayish red 
(5B 5/2), weathering light gray (N 7); 
fossil hash, eohlnold spines, small high- 
spired gastropods, fusullnlds; slllolfled
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1. (continued)
fraoturea; thln-bedded

Thickness
(feet)

Thickness of lower member (units 1-1?)••..211
Thickness of Earp Formation
(units 1-3 0)............. ................ 432

Alluvium.



SECTION I-A

Partial section of the Collna Limestone on 
Hill 14. Base of section SE£ NE| sec. 15.
T. 24 s., R. 31 E., elevation 4500 feet. Top 
of section Is 580 feet N. 72° E. of the base,
SEi NWi sec. 14, T. 24 S., R. 31 E., elevation 
4660 feet (Pig. 1). The strike varies from 
N. 45° W. to N. 10° W. with dips of 100-16° E.
Unit 10 of this section Is correlative with 
unit 1 of partial section I-B. Each 5 foot 
Interval was marked with blue spray paint.

Collna Limestone 1
Fault.
Collna Limestone*

Thickness
(feet)

12. Sparse and packed blomlcrlte, medium
gray (N 5). weathering medium light gray 
(N 7)1 echlnoid spines, high-spired 
gastropods; crlnold stems, brachlopods, 
fusulinlds, fossil hash; thin-bedded.......  8

11. Mlcrlte grading to sparse blomlcrlte, medium 
dark gray (N 5). weathering light gray (N 7); 
scattered chert nodules, silica knots, cal- 
cite blebs; stylolltes; thin fusulinid zone 
20 feet from base; forms dip slope; other 
foramlnlfera, fossil hash; thin-bedded...... 66

10. Posslllferous mlcrlte and sparse bio-
mi erudite, becoming dolorn!tic upper part; 
medium gray (N 5). weathering light brownish 
gray (5YR 6/1) with upper part mottled pale 
yellowish brown (10YR 6/2) and brownish gray 
(5YR 5/1); unit characterized by chert nodules 
up to 3 inches diameter, moderate brown (5YR 
4/4) to light brown (5YR 6/4); calclte blebs; 
silicifled fossil material; echlnoid spines, 
brachlopods, crlnold stems, colonial corals, 
branching and fenestrate bryozoans, high-spired 
gastropods; three thin fusulinid zones, 9 , 3 0 , 
and 75 feet from base, other foramlnlfera, fossil hash; thin-bedded....... ............ 81
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Thickness
(feet)

9 . Posslllferous mlcrlte and sparse blomlcrlte 
with 3 feet silty mlcrlte at top, brownish 
gray (5YR 4/1), weathering light gray (N ?); 
scattered dolomite rhombs 1 thin dense silica 
knot Interval, grayish brown (5YB 4/2), with 
scattered silica knots throughout unit; oalclte 
blebs; brachlopods, fusullnlds, other foram- 
Inlfera, rugose corals, hlgh-splred gastropods, 
fossil hash; thln-bedded...................  2?

8 . Oomlcrlte, brownish gray (5YR 4/1), weath
ering light gray (N 7); cross-bedded silty 
mlcrlte at base; fosslllferous (?) mlcrlte 
at top; fossil hash (?) and oolites In
tensively recrystallized; oalclte blebs; 
microstylo11tes filled with red clay; thln-
to thick-bedded......... ................... 71

7. Siltstone, calcareous; pale yellowish 
brown (10YR 6/2), weathering same; 
thln-bedded................. ............... 7

6 . Oomlcrlte, brownish gray (5YR 5/1),
weathering light brownish gray (5YR 7/1 ); oolites slllclfled and reorystalllzed; hlgh- 
splred gastropods and chert nodules near 
base; small silica knots thin- to 
thick-bedded................................ 29

5* Mlcrlte and fosslllferous mlcrlte, medium 
dark gray (N 4) to dark gray (N 3). 
weathering light gray (N 7) to yellowish 
gray (5Y 8/1); few thin red chert bands; 
echlnoId spines, brachlopods, fossil hash; 
stylolltes; silica knots; rough weathered 
surface; thick-bedded.... ..................  46

4. Mlcrlte and fosslllferous mlcrlte, brownish 
gray (5YR 4/1), weathering light gray (N 7); 
scattered small silica knots parallel to 
bedding; few oalclte blebs, laminated, cross- 
bedded silty mlcrlte at top of unit; small 
brachlopods, shell hash; thln-bedded........ 47

3• Mlcrlte to packed blomlcrlte, medium dark 
gray (N 4), weathering medium light gray 
(N 6 ), Intervals of reworked mlcrlte; 
stylolltes, some filled with red clay;
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Thickness
(feet)3« (continued)

slliclflcatlon of fossil materiali small 
high-spired gastropods, fossil hash; calotte
blebs; thin- to thick-bedded...............  37

2. Mlcrlte, blackish red (5H 3/2), weathering 
light gray (N 7)• laminated with micro- 
styloll.tes; thin-bedded....................  8

1. Mlcrlte and fossillferous mlcrlte, medium 
dark gray (N 4), weathering light gray (N 7) i 
Interbeds of finely cross-bedded silty 
mlcrlte, brownish gray (5YR 5/1). weathering 
pinkish gray (5YR 8/1); fossil hash zones; 
thin- to thick-bedded............. ......... 23
Thickness partial section CoUna
Limestone (units 1-12)............ .......450

Conformable contact.
Earp Formation;

Siltstone, calcareous; pale grayish red 
(5R 5/2), weathering pinkish red (5H 7/2); 
poorly exposed; thin-bedded.



SECTION I-B

Partial section of the upper part of the 
Collna Limestone measured on the southeast 
side of Hill 14. Base of section In chert 
zone (unit 10, partial section I-A) NE| SW£ 
sec. 14, T. 24 s., R. 31 E., elevation 4425 
feet. Top of section 1000 feet S. 40° E. 
of base In NW£ SE£ of same section, eleva
tion 4?00 feet (Pig. 1). Each 5 foot Interval 
was marked with blue spray paint.

Eroded.
Collna Limestone1

Thickness
(feet)

9. Fosslllferous miorlte and laminated 
mlcrlte, light brownish gray (5YR 5/1) 
to brownish gray (5YR 4/1), weathering 
light gray (N 7) to yellowish gray 
(5Y 8/1); dolomltlo lenses; stylolltee; 
scattered chert nodules, pinkish gray 
(5YR 7/l)i hlgh-splred gastropods, 
foramlnlfera, fossil hash; thin- to 
thl ok-bedded................................ 61

8. Dolomite, light brownish gray (5YR 6/1), 
weathering yellowish gray (5Y 6/2) to 
light brownish gray (5YR 7A)i very 
finely to medium crystalline; scattered 
chert nodules, silica knots; slllelfied 
fractures; few lenses of non-replaced 
gray mlcrlte; echlnold spines, brachlopod 
fragments; rough, pock-marked weathered 
surface; thln-bedded ................  72

7 . Fosslllferous mlcrlte grading to mlcrlte, 
brownish gray (5YR 5/1). weathering light 
gray (N 7) to medium light gray (N 6); 
scattered silica knots; crlnold stems, 
brachlopods, echlnold spines, fossil hash, 
foramlnlfera; thln-bedded................ .. 32

71



72

6. Sparse biomicrlte and fosslllferous 
mlcrlte, medium gray (N 5). weathering 
light gray (N 7 ) i chert nodules, light 
gray (N 7)i two 3 foot zones of sparse 
fusulinld blomlerudite (near base and top 
of unit)i erlnold stems, hlgh-splred 
gastropods, braohlopods, fusullnlds, 
other foramlnlfera, fossil hash, echlnold 
spines i thln-bedded......................... 49

5* Sparse to packed biomicrlte, light brownish 
gray (5YR 5/1). weathering pale brownish 
gray (5YR 7/1) to light gray (N 7); brachi- 
opods, erlnold stems, echlnold spines and 
plates, fossil hash; thick-bedded...........48

4. Biogenic dolomite and dolomite, light olive 
gray (5Y 6/1), weathering yellowish gray 
(5Y 7/1)1 finely crystalline; lenses of non- 
replaoed gray fosslllferous mlcrlte; sillelfled 
fractures; silica knots; chert nodules, light 
brown (5YR 6/4); erlnold stems, echlnold spines, 
fossil hash; poor exposures upper part of 
unit; thin-bedded..... ..................... 45

3* Sparse biomicrlte and fosslllferous mlcrlte, 
brownish gray (5YR 4/1) to medium dark gray 
(N 4), weathering light brownish gray (5YR 
7/1) to light gray (N 7)t 3 foot sparse 
fusulinld blomlerudite zone eight feet from 
base; chert nodules, light brown (5YR 5/6) 
to moderate grayish red (5B 5/2); zones of 
concentrated fossil material; rugose corals, 
brachlopods, hlgh-splred gastropods, fusullnlds, 
other foramlnlfera, erlnold stems, echlnold 
spines and plates, fossil hash; scattered 
silica knots; stylolltes; thln-bedded....... 86

2. Mlcrlte with fosslllferous mlcrlte Intervals, 
brownish gray (5YR 5/1) to olive gray (5Y 4/1), 
weathering light gray (N 7) to light olive 
gray (5Y 6/1); brachlopods, erlnold stems, 
echlnold spines; scattered silica knots; 
stylolltes; thin- to thick-bedded..... . 37

1. Fosslllferous mlcrlte and sparse blo
ml erudite, brownish gray (5YR 4/1), 
weathering yellowish gray (5Y 8/1) to light

Thickness
(feet)



73

1. (continued)
gray (N 7)% chert nodules up to 6 Inches 
diameter, pinkish gray (5YR 8/1), weathering 
light brown (5YR 5/6)$ scattered silica knots; 
several fusulinid zones, braohiopods, eohinoid 
spines and plates, crinoid stems, rugose 
corals, high-spired gastropods, fossil hash;

Thickness
(feet)

thin-bedded.... ............ ................ 52
Thickness partial section Colina 
Limestone. ..... ....................... 482

Alluvium.



SECTION I

Section of the Epitaph Dolomite in the eastern 
end of the Qulmby Hills. Base of section 
located SWjfc see. 1, T. 24 s., R. 31 E., elevation 
4400jfcet. Top of section located SE| see. 1,
T. 24 s., R. 31 E., elevation 4270 feet (Fig. 1). 
The formation strikes N. 42° E. at base to N.
20° E. at top with the dip varying 140-25° 
easterly. One major offset along strike was 
made 600 feet to the north at the top of unit 
6. Several smaller offsets were made in an 
attempt to follow the best exposures. Each 5 
foot interval was marked with blue spray paint.

Alluvium.
Thickness
(feet)Epitaph Dolomitei

10. Dolomite, light olive gray (5Y 6/1),
weathering same; medium crystalline; unit 
characterized by abundant (6 inch) chert 
nodules (oolites with fossil hash), white 
(N 9) to very light gray (N 7). becoming 
non-cherty at top; scattered silica knots; 
slightly fosslllferous intervals, echinoid 
spines; pock marked, gash-like weathered 
surface; thin-bedded........ ............ 91

9* Dolomite and oolitic dolomite, light olive 
gray (5Y 6/1) to medium dark gray (N 4), 
weathering light olive gray (5Y 6/1) to 
olive gray (5Y 5/1); fine to medium crystal
line; forms broad saddle, poorly exposed 
with small covered intervals lower half of 
section; slightly fosslllferous intervals, 
echinoid spines; scattered silica knots and 
small white chert nodules; several thin 
dolomite breccia (sedimentary) intervals; 
thin-bedded.................... ............136

8. Dolomite and oolitic dolomite, medium light 
gray (N 6) to light olive gray (5Y 6/1), 
weathering yellowish brown (10YR 5/2); medium 
to coarsely crystalline; several lightly
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8. (continued)
laminated Intervals; unit forms hill top 
and dip slope; several thin dolomite breccia 
(sedimentary) intervals; scattered small 
chert nodules and silica knots; pock marked, 
gash-like weathered surface; medium 
crystalline Intervals exhibit saccharoldal 
surface texture; thin-bedded............... 129

7. Biogenic dolomite grading to oolitic dolomite 
and dolomite, light brownish gray (5YR 6/1), 
weathering yellowish gray (5X 6/2); medium 
to coarsely crystalline; abundant chert 
nodules (oolitic), medium light gray (N 6) 
to very light gray (N 8), near middle of 
unit; scattered silica knots; well exposed 
but not prominent unit; fractured intervals 
in upper half of unit; echlnold spines, 
brachiopods, fossil hash; thin-bedded......237

6. Biogenic dolomite, brownish gray (5YR 5/1). 
weathering pale yellowish brown (10YR 6/2); 
medium to coarsely crystalline; slightly 
darker weathering and less fossillferous at 
top; scattered chert nodules and silica 
knots; fossil material sillcifled, brachi
opods, crlnoid stems, large gastropods, 
echlnold spines and plates, rugose corals, 
fossil hash; unit forms dip slope; medium 
crystalline intervals exhibit saccharoldal 
surface texture; thin-bedded...............  78

5« Dolomite and oolitic dolomite, brownish 
gray (5YR 5/1). weathering pale yellowish 
brown (10YR 6/2); medium crystalline; covered 
intervals in lower part of unit; sparsely 
fossillferous near top, crlnoid stems; 
scattered chert nodules and silica knots; 
thin dolomite breccia (sedimentary) Intervals; 
gash-like weathering; thin-bedded.... ......67

4. Oolitic dolomite and dolomite, brownish 
gray (5YR 5/1). weathering yellowish brown 
(10YR 5/2); medium to coarsely crystalline; 
few large gastropods at top; unit forms dip 
slope; thin-bedded.........................  49

Thickness
(feet)
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3. Dolomite and biogenic dolomite, brownish 
gray ($YR 5/1). weathering yellowish 
brown (10YR 5/2); medium crystalline; 
fossil material slllelfled, echlnold 
spines, fossil hash; scattered silica 
knots; ridge former; thln-bedded...........  26

2. Oolitic dolomite, brownish gray (5%R 5/1). 
weathering pale yellowish brown (10YR 6/2); 
finely to medium crystalline; slightly 
fosslllferous Intervals; unit forms 
saddle; thln-bedded........................  13

1. Dolomite and biogenic dolomite grading to 
oolitic dolomite, brownish gray (5YR 5/1). 
weathering pale yellowish brown (10YR 6/2); 
medium to coarsely crystalline; unit forms 
bluffi silica knots and slllelfled zones 
weather light brown (5YR 6/4); scattered 
chert nodules, medium dark gray (N 4), 
weathering pinkish gray (5YR 8/1); scattered 
white calclte blebs; fossil material 
slllelfled, echlnold spines, fossil hash; 
gash-llke weathered surface; medium 
crystalline intervals more resistant ex
hibiting saccharoidal surface texture;

Thickness
(feet)

thln-bedded........ ........................  82
Thickness of Epitaph Dolomite
(units 1-10.............................. 908

Gradational contact.
Collna Limestone:

Dolomltlc blomlerlte, medium gray (N 5), 
weathering mottled medium light gray (N 6) 
and pale yellowish brown (10YR 7/2); fossils 
slllelfled In part, fossil hash, echlnold 
spines and plates, large and small gastropods; 
chert nodules up to 3 Inches diameter; thln- 
bedded. The transition to massive dolomite 
here occurs In an interval of 30 feet.
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EXPLANATION

Ool

Includtt lim ttto n t alluvium on upper tlopot o f h ills ’ 
silts and clays In d o n g a -I lk a  aroas along washos; 
consolidatod and unconsolidatod fluv ia l deposits of 
volcanic material] and consolidated older alluvium, 
possibly In port contemporaneous with the Tertiary 
rhyolite to the northeast, but older than the San 
Bernardino basalt.

OP

Playa-l/ke deposits, probably less than 5 0  feet 
thick.

Ob
Son BernardIno basalt 

Olivine basalt flow, over 8 0  feet thick.

T I (?)

Latite dike cutting the Earp Formation.

KI
Lowell Formation

Oolitic and fosslllferous limestone with increasing 
Interbeds of sandstone toward the top.

Pe
Epitaph Dolomite

Brownish gray dolomiie In thin beds; greater than 9 0 0  
feet exposed.

Pc
Collno Limestone

Medium dark gray limestone In thin to tMck beds] about 
IOOO feet exposed.

PPe
Earp Formation

Lower member: fuslllnid-boaring limestone in thin beds]
47 0  feet exposed. Upper member: red siltstone with limestone- 
pebble conglomerate at the base] 2 2 0  feet exposed.

P Psl(?)

SII Id  fle d  limestone In fau lt contact with the Earp Formation.

Formotionol contact

Fault

Dashed where approximately located or concealed] U, 
upthrown side] D, downward side.
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EXPLANATION

ROAD CLASSIFICATION

COCHISE
COUNTY

MODIFIED FROM:

GUADALUPE CANYON QUADRANGLE 
15 MINUTE SERIES (TOPOGRAGHIC) 1958

CONTOUR INTERVAL 80 FEET 
DOTTED LINES REPRESENT 4 0  FOOT CONTOURS

APPROXIMATE MEAN 
DECLINATION 1958

THESIS AREA
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