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ABSTRACT

The Earp Formation In southeastern Arizona can be 
divided on the basis of lithology Into three members, the 
lower limy member, the middle terrigenous member, and the 
upper interbedded clastic and carbonate member. The red 
chert-pebble conglomerate is a single, possibly Isochronous, 
unit within the middle terrigenous member, and forms an 
excellent marker bed throughout Its area of outcrop. 
Meandering streams, bringing red chert pebbles south from 
the eroding Naco Formation in the area of Winkelman and 
Superior, Arizona, deposited this unit. Some limestone- 
pebble conglomerates in Earp sections outside the report 
area may be correlative with the red chert-pebble 
conglomerate.

Fusullnids in the Earp in the report area occur 
only in the lower limy member. Studies of these fossils 
indicate a late Vlrgillan to possibly as late as middle 
Wolfcampian age for this part of the Earp Formation and 
an early to middle Wolfcampian age for the red chert- 
pebble conglomerate.

The type section of the Earp Formation is atypical. 
The basal part of the lower limy member and most or all of 
the middle terrigenous member seem to be missing, probably 
the result of faulting.

lx



The lower limy member of the Earp seems to have a 
source of elastics in north central Mexico. This member 
undergoes a gradational facies change to the east, where, 
without elastics, the same unit probably becomes the upper 
portion of the Horquilla Limestone of southwestern New

X

Mexico



INTRODUCTION

Purpose of Study and Method of Treatment
For many years workers In southeastern Arizona 

have noticed outcrops of red chert-pebble conglomerate 
within the Pennsylvanian-Permian Earp Formation (Gllluly, 
Cooper, and Williams, 195*+» P« 23; Tyrrell, 1957. P* 65) • 
Bryant (1955) observed this conglomerate In several areas 
and suggested a possible correlation. This thesis 
attempts to solve the problem of whether the red chert- 
pebble conglomerate Is correlative and isochronous throughout 
its area of outcrop. Possible source areas for the conglo
merate and its method of deposition are Investigated.

Sections of the Earp Formation containing the 
conglomerate were measured wherever possible to provide 
control for lithologic correlation. Fusulinlds were 
collected and studied In an attempt to provide the most 
precise age possible for the conglomerate. Current 
directions were studied by measuring cross-bedding and 
Imbrication wherever these structures occurred. Outcrops 
of the red chert-pebble conglomerate were mapped on 
standard U. S. Geological Survey 7& and 15 minute topo
graphic quadrangle maps.
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2
Location

Portions of three counties in southeastern Arizona 
were studied for this report: Pima County, Santa Cruz
County, and Cochise County. Five major outcrop areas 
occur within these three counties (see Fig. 1). In Cochise 
County these are the Gunnison Hills, the Whetstone 
Mountains, and the Swisshelm Mountains. The Colossal Cave 
area lies in Pima County, and the Patagonia Mountains are 
in Santa Cruz County.

Previous Work
Investigations in report area

Gilluly (in Butler, Wilson, and Rasor, 1938) 
measured sections of the Naco Formation of Ransome (1904). 
These sections, measured in the Tombstone area, include 
what is now the Earp Formation. In 195^. Gilluly, Cooper, 
and Williams published a professional paper on the late 
Paleozoic stratigraphy of central Cochise County. This 
paper defines the Earp Formation from its type locality 
on Earp Hill, southeast of Tombstone, Arizona. A very 
similar description of the Earp appears in Gilluly* s paper 
of 1956. Bryant's Ph.D. dissertation (1955) on the 
Permian stratigraphy of southern Arizona discusses the 
Earp Formation in all its areas of outcrop. Tyrrell (1957) 
discussed the Earp as it appears in the Whetstone 
Mountains in his Ph. D. dissertation. In conjunction
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4
with Ross, Tyrrell published a paper on the Pennsylvanian 
and Permian fusullnlds from the Whetstones (1965)• 
Kottlowskl's study of the Pennsylvanian rocks of south
western New Mexico and southeastern Arizona (I960; 1962) 
Includes descriptions of the Earp Formation In many areas 
of outcrop and discusses the problem of the location of 
the Pennsylvanlan-Permian boundary within the Earp. In 
1964, Dubln completed an unpublished M . S. thesis on the 
fusullnlds of the Earp type section.

Investigations outside the report area
Other workers have studied the Earp Formation in 

areas adjacent to that concerned in this report. Hayes 
and Landis (1965) published a paper on the Paleozoic 
stratigraphy of the Mule Mountains, north of Blsbee. An 
outcrop of the red chert-pebble conglomerate was reported 
in this paper, but, after an extensive search, the author 
failed to locate it. No other outcrops of the red chert- 
pebble conglomerate have been noted. Sabins (1957a; 1957b) 
reported on the Earp Formation in his studies of the 
Chlrlcahua Mountains, the Dos Cabezas Mountains, and 
surrounding areas. Sabins and Ross (1963) studied the 
late Pennsylvanian - early Permian fusullnlds of this area. 
Fusullnlds in the Pedregosa Mountains were studied by Epls 
(1956) in his Ph. D. dissertation. Dirks (1966) mapped 
an area in extreme southeastern Arizona and measured
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sections containing the Earp Formation. In southwestern 
New Mexico, GiHerman (1958) measured the Earp in the 
Pelonclllo Mountains and studied the fusullnids found 
there. Zeller, in 19&5, reported on the Earp in the Big 
Hatchet Mountains.



GEOLOGY OP EARP FORMATION IN AREAS STUDIED

Geologic Setting
The PenneyIvanlan-Permlan Earp Formation lies 

within the Naco Group as defined by Gilluly, Cooper, and 
Williams (1954). Underlying the Earp Formation is the 
Horqullla Limestone, and above it, the Colina Limestone.
The contact between the Horqullla and the Earp is grada
tional, being "...arbitrarily taken where the thin shaly 
limestones and reddish shales become dominant over the 
more massive limestones characteristic of the Horqullla" 
(Gilluly, Cooper, and Williams, 1954, p. 19)• The upper 
contact of the Earp Is also gradational and Is placed 
above the highest orange weathering dolomite interbedded 
with the dark, Colina-llke limestones of the upper Earp.

Near the end of Pennsylvanian time, marine lime
stones were being deposited in southeastern Arizona In 
and around the area of the Pedregosa Basin (Kottlowski, 
i960, pi. 3). Limestone deposition continued Into upper 
Vlrglllan time when minor regressions brought on deposition 
of the more clastic portions of the Earp Formation. A 
return to more normal marine conditions In the upper 
Wolfcampian Is recorded by the deposition of the Colina
Limestone (Bryant, 1955. P- 119)• The Pennsylvanian- 
Permian boundary lies within the lower portion of the Earp.

6
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Major source areas for the Earp Formation lie to 

the northwest, north, and east of the area of this report. 
Sediments are thought to have come from the area of Supai 
deposition to the north and northwest of the report area 
(Kottlowskl, I960, pi. 10). No Virgllian or Wolfcampian 
sediments exist on the Defiance positive area; this is a 
probable source area for Earp elastics (R. F. Wilson, oral 
communication). The Florida Uplift of southwest New 
Mexico may have contributed sediments to the west during 
Pennsylvanian and Permian times (Eardley, I962, pis. 7. 8). 
McKee (1951* P» 491) considers the possibility of a major 
source area to the west, but Bryant (1955. P* 117) dis
counts this idea. Lack of detailed geologic work in 
northern Mexico and southwestern Arizona precludes much 
knowledge of sources in these areas. Both major and minor 
sources might exist there.

Earp Type Section
The Earp Formation was established by Gllluly,

Cooper, and Williams in 1954. The type section, 595 feet 
thick, is located on the south flank of Earp Hill, approxi
mately five miles southeast of Tombstone, Arizona. Thin 
shaly limestones and reddish shales comprise the lower 
Earp. Above these units occur "...much shale, a little 
sandstone and a few beds of limestone and shale conglomerate" 
(Gllluly, Cooper, and Williams. 1954. p. 19)• The upper
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portion of the type Earp consists of interbedded massive, 
dark gray, Colina-llke limestone and orange-weathering 
dolomite. The Earp Formation is generally a slope former, 
becoming more ledgy near the top (Gllluly, Cooper, and 
Williams, 195^)• No red chert-pebble conglomerate occurs 
in the type section.

Gunnison Hills
In the Gunnison Hills, the Earp Formation can be 

Informally divided into three members. These are, in 
ascending order, the lower limy member, the middle terri
genous member, and the upper interbedded member.
Terrigenous, in this case, is taken to mean quartz elastics.

The lower limy member consists of light gray to 
pink and tan micrltes interbedded with scattered silty 
mlcrltes. A ledge and slope topography is formed by this 
member. Fossils are abundant* crinoid stems and echinoid 
spines are ubiquitous; brachiopods and fusullnids are 
common. The total thickness of this unit is not known as 
the bases of the four sections measured in the Gunnison 
Hills are all either covered or faulted. In section III, 
however, 535 feet of the lower limy member crops out.

The middle terrigenous member consists of a sequence 
of predominantly calcareous sandstones and siltstones and 
some conglomerates with rare, thin limestone beds. The



FIGURE 2

Location Map of Sections I, II, III, IV,
Gunnison Hills

Location map of sections I, II, III, and IV, 
Gunnison Hills, Dragoon and Cochise quadrangles. 
Outcrops of red chert-pebble conglomerate shown In red.
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red chert-pebble conglomerate Is at the base of this member. 
No fossils were found In these beds. Sedimentary structures 
are very common, the most notable varieties being ripple 
laminations, horizontal laminations, and tabular-planar 
and wedge-planar cross laminations. Rarely, symmetrical, 
asymmetrical and flat-topped ripple marks occur. Limonite 
cubes, pseudomorphous after pyrite, are locally abundant.
The middle terrigenous member forms gentle slopes and 
usually is partially covered. This member is approximately 
125 feet thick, although in section I it is 14? feet thick.

The upper interbedded member contains alternating 
beds of very dark gray, massive, Colina-llke mlcrltes and 
orange- to tan-weathering limy sandstones and sandy lime
stones. Other workers have called these orange-weathering 
limy sandstones dolomites (Gilluly, Cooper, and Williams, 
1954; Gilluly, 1956; Ross and Tyrrell, 1965). The arena
ceous units are very similar to the sandstones of the 
middle terrigenous member except that lime content is 
usually greater. Fossils are relatively scarce in this 
member; scattered brachiopods, echinoid spines, crlnold 
stems, gastropods, and one nautlloid were noted. This 
member exhibits a ledge and slope topography with the 
limestones underlying the ledges and the arenaceous units 
forming gentle slopes. The upper interbedded member 
averages 185 feet thick. Only 138 feet of this member



were measured in section III; this reduced thickness is 
probably the result of faulting near the top of the 
section.

The red chert-pebble conglomerate in the Gunnison 
Hills attains a maximum thickness of 13 feet and averages 
10 feet. Dark red and light gray chert pebbles with some 
limestone and arenaceous limestone pebbles are the major 
constituents. The chert pebbles range from 0.4 cm to 
6 cm in diameter and average approximately 1 cm. Lime
stone and arenaceous limestone pebbles are commonly 
tabular and range up to 20 cm by 6 cm in cross section. 
Limestone pebbles are generally larger than chert pebbles. 
Lower Earp lithologies are represented by these limestone 
pebbles. The matrix of the conglomerate consists of 
quartz and lime sand; the cement is calcite. A dolomite 
cement occurs in section IV.

Three types of sedimentary structures were noted 
in the red chert-pebble conglomerate in the Gunnison Hills. 
The conglomerate displays tabular-planar and wedge-planar 
cross bedding and the flat limestone pebbles show some 
imbrication. An unconformity underlies the conglomerate.

Other conglomerates also are near the base of the 
middle terrigenous member. These are similar to the red 
chert-pebble conglomerate except that limestone pebbles 
predominate over chert pebbles. Scattered red chert

11



FIGURE 3

Hill Containing Section III,
Gunnison Hills

Hill containing section III, Gunnison Hills, 
showing the lower limy member (11m), middle terri
genous member (mtm), upper Interbedded member (ulm), 
and the Colina Limestone (Pc).

FIGURE 4

Outcrop of Red Chert-Pebble Conglomerate. 
Gunnison Kills

Outcrop of red chert-pebble conglomerate.
section III, Gunnison Hills
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FIGURE 3. HILL CONTAINING SECTION III, GUNNISON HILLS.

FIGURE 4. OUTCROP OF RED CHERT-PEBBLE CONGLOMERATE, 
GUNNISON HILLS.



FIGURE 5

Cross Laminations, Horizontal Laminations, 
and Ripple Laminations, Gunnison Hills 
Cross laminations, ripple laminations, and 

horizontal laminations, middle terrigenous member, 
section III, Gunnison Hills. Six Inch scale.

FIGURE 6

Ripple Laminations, Gunnison Hills 
Ripple laminations, middle terrigenous member, 

section III, Gunnison Hills.
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FIGURE 5. CROSS LAMINATIONS, HORIZONTAL LAMINATIONS. AND 
RIPPLE LAMINATIONS, GUNNISON HILLS.

FIGURE 6. RIPPLE LAMINATIONS, GUNNISON HILLS.
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FIGURE ?. IMBRICATION, CROSS LAMINATIONS, HORIZONTAL 
LAMINATIONS, GUNNISON HILLS.
Middle terrigenous member, Gunnison Hills.

Section IV



Limonite cubes pseudomorphous after pyrlte 
on weathered surface of sandstone, upper 
Interbedded member, section IV, Gunnison Hills. 
6 Inch scale.
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pebbles occur throughout the lower portion of the middle 
terrigenous member as well as In the conglomerates.

The thickest and best exposed outcrop of the red 
chert-pebble conglomerate found during the course of this 
study is in a small quarry near the base of the southern 
flank of the hill over which section III was measured.

Whetstone Mountains
In the Whetstone Mountains, two sections of Earp 

were measured, one of which is the only apparently com
plete section encountered during the study. As the 
section near the Sands Ranch is quite incomplete, the 
Earp Formation in the Whetstones will be described from 
the complete section south of Dry Canyon. This section 
was measured by Ross and Tyrrell (1965). who obtained a 
thickness of approximately 660 feet for the Earp. The 
author measured 1132 feet of Earp in the same location.
This discrepancy is the result of the arbitrary choice of 
the boundaries of the Earp Formation. Most of the lower 
limy member of the Earp was included in the Horqullla 
Limestone by Ross and Tyrrell.

In the Dry Canyon section, section V, the lower 
limy member of the Earp Formation consists of 368 feet of 
gray to light gray limestones interbedded with some tan
weathering silty limestones and rare calcareous siltstones. 
The limestones are more resistant than the silty limestones



FIGURE 10

Location Map, Section V, Whetstone Mountains
Location map of section V, Whetstone Mountains, 

Benson quadrangle. Outcrop of red chert-pebble con
glomerate in red.
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FIGURE 11

Location map. Section VI, Whetstone Mountains
Location map of section VI, Whetstone Mountains, 

Mustang Mountains quadrangle. Outcrop of red chert- 
pebble conglomerate in red.
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and form small cliffs and hogbacks, whereas the siltier 
material underlies Intervening slopes. This member is 
highly fossillferous, containing an abundance of crlnoid 
stems, echinoid spines, common brachiopods and several 
fusullnld horizons. The upper contact of the lower limy 
member is almost as sharp as that in the Gunnison Hills.
In the Whetstone Mountains it is placed at the top of the 
uppermost mlcritic limestone in the lower portion of the 
Earp.

The middle terrigenous member of the Earp Formation 
in the report area, reaches its maximum thickness, 4$1 feet, 
in the Whetstone Mountains. This unit consists primarily 
of red-brown to grayish orange calcareous siltstones and 
sandstones. A limestone-pebble conglomerate occurs near 
the base of the member and a fusullnld bearing micrite 
crops out about 77 feet from the top, Immediately under
lying the red chert-pebble conglomerate. A variety of 
sedimentary structures are in the middle terrigenous 
member in this area, the most common being wedge-planar 
and tabular-planar cross laminations, horizontal lamina
tions, and ripple laminations. No fossils were found in 
these clastic units, although the limestone bed near the 
top contains brachiopods, fusulinids, crlnoid stems, and 
echinoid spines. In the Whetstone Mountains, as elsewhere, 
this middle member forms slopes that are usually partially



20
covered. The upper contact Is placed at the base of the 
lowest dark, massive, Collna-llke mlcritic limestone of 
the upper Earp.

The upper Interbedded member of the Earp Formation, 
318 feet thick, consists of alternating units of very dark 
gray, massive, Collna-llke limestone and tan to orange 
weathering arenaceous or silty limestones. Scattered cal
careous sandstones and slltstones occur throughout this 
member. Sedimentary structures in the arenaceous units of 
the upper interbedded member are similar in type to those 
in the middle terrigenous member. Rarely, limonite cubes 
pseudomorphous after pyrlte are seen in these upper 
arenaceous units. Only scattered fossils were found in 
the upper interbedded member and those are in the dark 
limestones. These fossils include brachiopods, echinold 
spines, crinoid stems, and rare gastropods. The upper 
interbedded member displays a ledge and slope topography, 
with the dark limestones forming the ledges and the less 
resistant, more terrigenous interbeds underlying the 
slopes. The basal contact of the Collna Limestone is 
placed at the top of the highest calcareous sandstone unit.

In section V, the red chert-pebble conglomerate is 
a very pebbly sandstone. Red chert pebbles are small, 
averaging 0.4 cm in diameter, poorly sorted, and fairly 
round. Small limestone pebbles similar in lithology to the 
underlying unit also occur in this sandstone. The



FIGURE 12

section

Mudcracks, Whetstone Mountains 
Mudcracks and slump (?), lower limy member, 
V, Whetstone Mountains, Six Inch scale.

FIGURE 13

Limestone-Pebble Conglomerate, 
Whetstone Mountains

Limestone-pebble conglomerate, lower limy
member, section VI, Whetstone Mountains
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FIGURE 13. LIMESTONE-PEBBLE CONGLOMERATE, WHETSTONE 
MOUNTAINS.
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sandstone is both quartz and lime sand and is cemented 
by fine-grained sparry calcite. The outcrop of this unit 
in the Dry Canyon section represents an ancient channel 
whose outcrop dimensions are 4 feet thick and about 350 
feet wide. Tabular-planar cross bedding is in the sand
stone unit. An unconformity, cutting somewhat into the 
underlying limestone, occurs at the base of the unit.

In the Sands Ranch area of the Whetstone Mountains, 
the red chert-pebble conglomerate is more like its counter
part in the Gunnison Hills than in nearby section V. The 
conglomerate in section VI is about five feet thick, with 
red chert pebbles and limestone pebbles in somewhat equal 
proportions. Red chert pebbles average 0.5 cm in diameter 
and are generally subround. The more arenaceous limestone 
pebbles are generally flat, while the purer limestone 
pebbles are rounded. These pebbles are in a matrix of 
quartz and lime sand and are cemented by a micritic cement.

Approximately one-half mile northwest of section VI 
(see Fig. 11), occurs a most unusual outcrop of the 
conglomerate. Here, the unit appears as three coarsely 
graded beds, each about 18 inches thick. The basal portion 
of each bed contains approximately 75 per cent rounded 
limestone cobbles up to 9 cm in diameter with the remainder 
being small rounded chert pebbles. The units grade upward 
until they consist of about 75 per cent subround chert 
pebbles 0.2 to 1.0 cm in diameter and some small limestone



pebbles. The lowest bed grades up Into a sandstone. 
Boundaries between the three units are distinct.

Colossal Cave Area
The structurally complex Colossal Cave area marks 

the northwestemmost known area of outcrop of the red 
chert-pebble conglomerate. Only one section, section VII, 
of Earp was measured in this area and it is Incomplete. 
Horqullla Limestone is thrust over the top of the section 
and the base is in probable fault contact with the under
lying quartz monzonlte.

In section VII, the lower limy member consists of 
125 feet of light gray micrltic limestones. This member 
is partially covered, highly fractured, and forms a ledge 
and slope topography. No fossils were found in this unit. 
Gray chert pods are scattered throughout this member.

The middle terrigenous member, 138 feet thick, is 
mostly green shale with some red shale, calcarenlte, and 
conglomerate in the upper portion. One micrltic limestone 
occurs near the top of this unit. No sedimentary structures 
were noted in this member in the Colossal Cave area, nor 
were any fossils found. Overall, the unit is a slope 
former and is mostly covered. The conglomerates and lime
stones form ledges. The basal contact is sharp, taken at 
the point where the highest limestone of the lower limy 
member underlies the green shale. The upper contact is
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FIGURE 14

Location Map, Section VII, Colossal Cave Area 
Location map of section VII, Colossal Cave 

area, Rincon Valley quadrangle. Outcrops of red chert- 
pebble conglomerate in red.
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placed below the lowest limestone of the upper Interbedded 
member, nine feet above the red chert-pebble conglomerate.

Only 6? feet of the upper interbedded member of 
the Earp occurs in section VII; the remainder has probably 
been removed by the overlying thrust fault. This member 
consists of light gray, fairly massive micritic and sparry 
limestones overlain by a tan-weathering sandstone. Lime
stones contain gray chert pods and are fractured. No 
fossils were found in this member. A ledge and slope 
topography is formed by this unit with limestones under
lying both ledges and slopes. The sandstone at the top is 
a slope former. The similarity between the upper Inter
bedded member and certain Horqullla lithologies suggests 
the possibility that the actual position of the thrust 
is lower in the section than where the author has placed 
it.

In section VII, the red chert-pebble conglomerate 
consists of five feet of subround red and gray chert 
pebbles about 0.8 cm in diameter. Essentially no matrix 
material is present in this unit; interstices are filled 
with mlcritic cement. A second, similar, conglomerate 
lies 11 feet above the primary one. The only difference 
between the two outcrops, aside from thickness, is that 
the chert pebbles in the lower one are smaller and more 
angular.
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Another outcrop area of the red chert-pebble 

conglomerate Is located approximately three and one half 
miles northeast of section VII near the Rancho del Clelo 
(see Fig. 14). Here, eight outcrops of the conglomerate 
are on the lower portion of the south-facing slope. Each 
outcrop has a different orientation and all are In 
different fault slices. Other outcrops In the same general 
area are exposed In washes on the south side of Posta 
Quemada Canyon. In this area, as In section VII, there 
are two conglomerate units, one eight feet above the other. 
The lower unit, four feet thick, contains subrounded chert 
pebbles that average 0.8 to 1.0 cm In diameter. The upper 
unit Is similar but the chert pebbles are smaller, 
averaging 0.5 cm In diameter. A notable percentage of 
subround limestone pebbles 1.5 cm In diameter occur In 
the upper conglomerate. At section VII, the two conglom
erates are separated by a pinkish gray mlcrlte, but In 
the Rancho del Clelo area they are separated by a red 
slltstone. No section was measured In this area because 
of structural complexities. It appears, however, that the 
red chert-pebble conglomerate lies at or very near the top 
of the middle terrigenous member of the Earp Formation 
(L. C. Arnold, oral communication).
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Patagonia Mountains

In the Patagonia Mountains Is the southwestern- 
most known outcrop of the red chert-pebble conglomerate. 
Here, the conglomerate Is In a large fault block of 
sediments about one-half mile south of American Peak 
(see Fig. 15)• Although the section measured in the 
Patagonia Mountains, section VIII, is somewhat thinner 
than most of the others, the three fold division noted 
elsewhere in the Earp Formation can still be recognized.

The lower limy member contains more sandstone than 
limestone in this area, but it can be readily differentiated 
from the middle terrigenous member. Two hundred and 
fifty-seven feet of interbedded calcareous sandstones and 
limestones comprise the lower limy member. The limestones 
are generally light colored, mlcritic, and fosslllferous. 
Brachiopods, crlnold stems, and echinoid spines are common. 
No fusulinids were found although some were reported from 
this area by Bryant (1955)• Light brown weathering sand
stones containing some horizontal and cross laminations 
and limonite cubes pseudomorphous after pyrlte are inter- 
bedded with the limestones. Overall, this unit is a slope 
former, although the limestones tend to stand out topo
graphically a little more than the sandstones. The upper 
contact of the lower limy member is placed at the top of 
the highest major limestone bed. A micrlte, 3 feet thick.



FIGURE 15

Location Map, Section VIII, Patagonia Mountains 
Location map of section VIII, Patagonia 

Mountains, Harshaw quadrangle. Outcrop of red chert 
pebble conglomerate In red.
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occurs 21 feet above this contact but Is not deemed 
significant enough to be placed within the lower member.

The middle terrigenous member of the Earp Formation 
south of American Peak consists of 107 feet of Interbedded 
light brown to grayish orange, calcareous sandstones, 
siltstones, and conglomerates. Only a minor amount of 
sedimentary structures are In this unit. The red chert- 
pebble conglomerate occurs In the central portion of the 
middle terrigenous member. With the exception of the 
conglomerate, this member Is a slope former. The upper 
contact Is placed at the base of the lowest dark gray, 
mlcritic limestone, approximately 53 feet above the red 
chert-pebble conglomerate.

The upper Interbedded member of the Earp, 109 feet 
thick, consists of Interbedded 10- to 30-foot units of 
reddish brown sandstone and dark gray limestone. Lime
stones are generally arenaceous or silty; a few beds 
display some sedimentary structures. Fossils are rare In 
this member. A ledge and slope topography, with limestone 
ledges and sandstone slopes, is formed by this member.

The red chert-pebble conglomerate in the American 
Peak area consists of five feet of rounded red and white 
chert and limestone pebbles. Chert pebbles average 3 cm 
In diameter and the limestone pebbles 5 cm in diameter. 
These pebbles are In a matrix of medium- to very coarse
grained quartz and lime sand held together by mlcritic
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FIGURE 16. CROSS BEDDING IN RED CHERT-PEBBLE CONGLOMERATE, 
PATAGONIA MOUNTAINS.

Cross bedding In red chert-pebble conglomerate, 
section VIII, Patagonia Mountains. Jacob staff 
parallel to bedding.



cement. Tabular-planar cross bedding occurs In the con
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glomerate here.

Swlsshelm Mountains
The Swlsshelm Mountains mark the easternmost 

known outcrop of the red chert-pebble conglomerate. 
Scattered outcrops of the conglomerate occur In the north
western end of the mountain range (see Fig. 17). Numerous 
faults In this area have destroyed all continuity within 
the Earp Formation and have rendered any worthwhile 
section measuring impossible. Owing to the structural 
complexities, the three fold division of the Earp can be 
seen only rarely.

Most of the Earp found In the northwestern 
Swlsshelms belongs In the lower limy member. These rocks 
are mostly light gray, mlcrltlc, fusullnld-bearlng lime
stones with a few more terrigenous Interbeds. Except for 
the conglomerate Itself, the middle terrigenous member Is 
essentially missing in the area shown on the location map 
(Fig. 1?). Some of the covered slopes in areas of Earp 
outcrop may be underlain by this member. A section of the 
Earp Formation located eight miles northwest of the map 
area of Figure 17 on the southwestemmost of the Squaretop 
Hills contains part of the middle terrigenous member but 
not the red chert-pebble conglomerate. Here, the middle 
terrigenous member consists of grayish orange, calcareous



FIGURE 1?

Location Map, Swlsshelm Mountains 
Location map of red chert-pebble conglomerate 

outcrops, shown in red, in the Swlsshelm Mountains, 
Swlsshelm Mountain quadrangle.



32

0 l/g  '/4 1mi
Scale: 4"= 1 mi Cl. = 40'



sandstones and slltstones. The upper Interbedded member 
of the Earp was not recognized In the Swlsshelm Mountain 
area.

The red chert-pebble conglomerate In this area 
ranges in thickness from about 5 to 20 feet thick in a 
siliclfied zone. It consists of rounded red chert 
pebbles ranging up to 4 cm in diameter and averaging 
approximately 1 cm in diameter. Limestone pebbles also 
occur in the conglomerate and, in places, comprise more 
than half of the unit. These pebbles are generally sub
round, average 3 to 4 cm in diameter, and are similar in 
lithology to the lower limy member of the Earp Formation.
The conglomerate has a coarse grained calcarenite matrix 
and is cemented by sparry calcite. No sedimentary structures 
were observed in the conglomerate in the Swlsshelm Mountains.
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STRATIGRAPHY AND SEDIMENTATION OP THE
RED CHERT-PEBBLE CONGLOMERATE 

Lithologic Correlation
Evidence gathered during this study Indicates 

that the red chert-pebble conglomerate In southeastern 
Arizona Is a single deposit and can be correlated litho
logically throughout the area. The distinctive lithology 
of the unit is the major piece of evidence. All the 
conglomerate outcrops seen contain rounded pebbles of dark 
red chert. Admixtures of gray chert and limestone pebbles 
are common throughout the report area. Cross-bedding and 
imbrication are seen in some outcrops. An unconformity 
underlies the conglomerate in all areas of outcrop. The 
conglomerate is always within the middle terrigenous 
member of the Earp Formation, but it rises in the section 
towards the north and west. This phenomenon could be due 
to at least two reasons, the most probable of which is 
differential erosion below the unconformity with more 
erosion to the south and east. The 120-foot discrepancy 
in thickness of the middle terrigenous member below the 
conglomerate between sections V and VI, a distance of about 
three miles, is in large part the result of differential 
erosion. This same process operating over wide areas
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could account for large differences in thickness. Varying 
amounts and rates of sedimentation in the sundry areas 
could also account for these differences.

Locally, the red chert-pebble conglomerate is 
probably the best marker bed in southeastern Arizona. Its 
unique lithology is unmistakable. The unit is particularly 
useful for deciphering structural events. The conglomerate 
occupies an excellent stratigraphic position for this type 
of study; the middle member of the Earp is relatively weak 
and, therefore, is the location of many structural deforma
tions in southeastern Arizona.

On a regional level, the red chert-pebble conglo
merate is also a very useful marker bed. In all areas of 
outcrop, it lies within the middle terrigenous member of 
the Earp Formation. A minimum of field work will disclose 
exactly where within this member it is situated. Generally 
the conglomerate is nearer to the top of the Earp than to 
the bottom.

The conglomerate would be an excellent strati
graphic marker in the subsurface. Any future driller, 
whether he be searching for mineral deposits or hydrocarbons 
could not help but notice this unit in a core or in cuttings 
It would be especially useful to one not completely 
familiar with the geology of southeastern Arizona, for, 
to the untrained eye, the upper Paleozoic limestones of 
this region are strikingly similar.
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Paleontologlc Correlation

Fusulinid control In the report area Is good only 
In the Gunnison Hills and In the Whetstone Mountains.
With the exception of section V, in the Whetstones, all 
the fusullnids were found in the lower limy member of the 
Earp. The fusullnids in the Gunnison Hills and in the 
Whetstones are Trltlcltes southensls and T. coronadoensls. 
Trltlcltes creekensis and T. ventrlcosus also occur in the 
Gunnisons; T. cf. creekensls and T. ventrlcosus 
sacrementoensls occur in the Whetstones. These fossils 
are stra11graphically close together in the Gunnisons, but 
are separated by as much as 610 feet in the Whetstone 
Mountains. Trltlcltes southensls seems to have a parti
cularly long range in this area (see Plate 1).

Trltlcltes southensls occurs 146 feet below the 
red chert-pebble conglomerate in section II, 211 and 216 
feet below it in section III, and 208 and 216 feet below 
it in section IV of the Gunnison Hills. In the Whetstones, 
T. southensls is found 24 feet below the conglomerate in 
section V and 291 feet below it in section VI. Trltlcltes 
coronadoensls occurs 210 feet below the conglomerate in 
section IV of the Gunnison Hills, and, in the Whetstones, 
54? and 634 feet below it in section V and 341 feet below 
it in section VI. Trltlcltes coronadoensls (?) is found
258 feet below the conglomerate in section V



The vagueness of the known fossil ranges coupled 
with that of differential erosion render it impossible to 
state with certainty that the conglomerate was deposited 
at the same time in both the Gunnison Hills and the 
Whetstone Mountains. Evidence does suggest, however, that 
the times of deposition in the two areas were not widely 
separated. Total lack of fusullnld control above the 
conglomerate makes this conclusion somewhat tenuous.

Deposition and Possible Sources
The red chert-pebble conglomerate in southeastern 

Arizona appears to represent a number of channel deposits. 
Current velocities strong enough to cause cross-bedding, 
Imbrication, and graded bedding in a conglomerate are 
much more likely to occur in a stream channel than in any 
other environment. The presence of a channel cross- 
section outcrop in the Dry Canyon section, number V, 
strengthens this conclusion. A series of rivers meandering 
across a large, early Permian flood plain or deltaic tidal 
flat (Tyrrell, 1962), eroding silt and sand and depositing 
gravel could result in a deposit such as the red chert- 
pebble conglomerate. The deposition of this conglomerate 
marks the maximum regression of the early Permian seas in 
this area.

Analysis of the few sedimentary structures found 
in the conglomerate are adequate to give a general sense
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of current direction but not enough for a statistical 
study. Table 1 shows the results of these analyses.
These measurements lend credence to the idea of a meandering 
stream system with the source in a northerly direction.

TABLE 1., ANALYSIS OF DIRECTIONAL STRUCTURES

LOCATION STRUCTURE CURRENT FROM:
Section III Tabular-planar cross bedding N8?°W
Section III Tabular-planar cross bedding N77°W
Section III Tabular-planar cross bedding n 6o°w
Section III Imbrication N48°W
Section III Imbrication N18°W
Section IV Tabular-planar cross bedding s6i°e
Section IV Tabular-planar cross bedding N79 E
Section V Tabular-planar cross bedding N72°E
Section V Tabular-planar cross bedding N63 E
Section VIII Tabular-planar cross bedding N39°E

A possible source for the red chert pebbles lies 
60 to 90 miles north of the report area in the vicinity 
of Winkelman and Superior, Arizona. Reid (I966) measured 
sections in this area and reported that the Pennsylvanian 
Naco Formation contains up to 30 per cent chert, most of 
which is red chert, that also replaces fossils. Red 
chert-pebble conglomerates crop out in the lower portion 
of the Naco in this area (Reid, 1966). Erosion has re
moved much of the Naco Formation in the Winkelman-Superior



area. Chert pebbles could be concentrated on route to the 
site of deposition by the abrasive action of the stream 
transport selectively wearing down the less resistant Naco 
limestone pebbles. As this process continued, any re
maining limestone pebbles would be much smaller than the 
chert pebbles when the area of deposition was reached 
and would be carried farther along by the current as the 
larger chert pebbles were deposited. The roundness of 
the chert pebbles indicates that considerable abrasion 
took place prior to deposition.

Limestone and arenaceous limestone pebbles presently 
found in the red chert-pebble conglomerate are thought to 
have been picked up by the streams as they eroded into the 
underlying portions of the Earp and Horquilla formations. 
These pebbles are nearly always larger than the chert 
pebbles and are commonly quite angular, suggesting that 
they have not been transported nearly as far as the chert 
pebbles. In section III, one can see a large, flat 
arenaceous limestone pebble with one end protruding into 
the conglomerate and the other end just broken off from, 
and yet still abutting, the arenaceous limestone layer 
below the conglomerate.
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EAR? FORMATION TYPE SECTION

During the course of this study, it became 
apparent that the type section of the Earp Formation 
does not closely resemble other outcrops of Earp seen 
in the report area. The three-fold division of the Earp 
as seen elsewhere in southeastern Arizona is not obvious 
in the type section. The red chert-pebble conglomerate 
crops out west, north, and east of the type section and 
has been reported south of it (Kayes and Landis, 1965). 
but it was not found in the type section. Fusulinid 
evidence indicates that a considerable portion of the 
Earp that can be found elsewhere is not present in the 
type area.

At Earp Hill, the Earp Formation consists of 
interbedded light gray limestones, arenaceous and silty 
limestones, and sandstones and siltstones. The lower 
portion of the type section is largely covered and the 
Earp-Horquilla contact is difficult to place. Near the 
top of the section are dark gray limestones, somewhat 
similar in lithology to the overlying Colina Limestone, 
interbedded with what Gllluly has called dolomites 
(Gilluly, Cooper, and Williams, 1954; Gllluly, 1956). 
These rocks are, for the most part, silty and arenaceous
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mlcrltes that are only rarely dolomitic. This upper 
portion of the type Earp bears some resemblance to the 
upper Interbedded member of the Earp Formation of this 
report. However, In the type section, the Individual 
units of this member and the member as a whole are much 
thinner than seen elsewhere.

Considerable faulting can be found at the Earp 
type section; Gllluly, Cooper, and Williams,(195*0 offset 
the section to avoid some of this faulting. Gllluly 
also shows a thrust fault at the base of the type section 
(1956, plate 6, cross-section XXVI-XXVI'). It Is con
ceivable that this thrust fault may have removed a portion 
of the lower Earp.

The author compared the fusullnlds found In the 
Gunnison Hills and the Whetstone Mountains to those 
studied by Dubln (1964) from the Earp type section. Re
sults of this comparison are shown In Table 2. An 
average discrepancy in thickness of slightly over 400 
feet between the type section and the Earp Formation 
elsewhere Is shown by this study.
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TABLE 2. LOCATION OF FUSULINIDS IN DIFFERENT SECTIONS

DISTANCE BELOW TOP 
OF TYPE SECTION 

FUSULINID (DUBIN, 1964)
Trltlcltes

ceilamagnus 63'

T. creekensls 200'

T. ventrlcosus 73'

Schwagerlna
lorlngl (?) 104', 1151

OTHER OCCURRENCES
511 * from top of

section IV
513* from top of

section IV
592' from top of

section III
519 * from top of

section IV
513’ from top of

section IV
497' from top of

section II4311 from top of
section III

525* from top of
section IV

In comparison with other areas of Earn outcrop.
It would seem that the majority of the Earp type section 
consists of a very silty and arenaceous phase of the 
lower limy member of the Earp Formation. Three pieces of 
evidence support this conclusion. Limestones In the type 
Earp are similar In lithology to those found elsewhere In 
the lower limy member. All but one of the fusulinld 
horizons noted were In the lower limy member. Comparison 
of sections measured In the Gunnison Hills, the Whetstones, 
and the Patagonia Mountains Indicate that the lower limy
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FIGURE 18. EARP FORMATION TYPE SECTION

Type section of Earp Formation, Earp Hill, 
looking north. Approximate line of section 
indicated.
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member of the Earp Increases In terrigenous content to 
the south and west. This Increase In terrigenous content 
could be the reason for the many clastic Interbeds In the 
type section. It Is possible that this portion of the 
type Earp Is a limy phase of the middle terrigenous member, 
but this Is deemed unlikely for the above reasons. The 
remainder of the Earp type section resembles. In some 
degree, the upper Interbedded member seen elsewhere.

No outcrops resembling the middle terrigenous 
member are found at the type Earp section. It Is possible 
that this Is the result of non-deposltlon. It seems 
equally probable that the absence of the middle terri
genous member and the red chert-pebble conglomerate Is 
due to structural reasons because this member, almost 
entirely calcareous sandstones and slltstones, is struc
turally very weak. Therefore, this member Is an obvious 
location for thrust faults, as seem to have occurred In 
the Colossal Cave area (L. C. Arnold, oral communication). 
Since other thrusts have offset the Earp In the type area 
(Gllluly, 1956, pi. 6, cross-section XXVI-XXVI'). It is 
possible that one has also removed part or all of the 
middle terrigenous member. The lack of Vlrglllan fusul- 
Inlds In the type section Indicates that the basal Earp 
also may be missing In this area. If such thrusting did 
remove the middle terrigenous member and the basal part
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of the formation, the lack of Virgillan fusullnids and 
the 400 foot difference between the Earp type section and 
other areas of Earp outcrop could be readily explained.

It is suggested that any future worker in the Earp 
Formation study the formation as it is exposed in the 
Gunnison Hills; the Earp in this area is far more typical 
of the Earp Formation in general than is the type section. 
Cooper (Gilluly, Cooper, and Williams, 1954, p. 21) 
measured a section of Earp in the Gunnison Hills just 
south of Walnut Gap. This section is suggested as a 
much better reference section for the Earp Formation than 
the type section.



CONCLUSIONS

Red Chert-Pebble Conglomerate
The red chert-pebble conglomerate In southeastern 

Arizona Is a single lithologic unit within the middle 
terrigenous member of the Earp Formation. Locally, this 
conglomerate is an excellent marker bed and can be used 
to solve structural problems. Regionally, this unit 
always occurs within the middle member of the Earp 
Formation and Is quite useful as a marker bed at this 
scale.

Fusulinid studies did not prove that the conglo
merate is definitely isochronous. However, within the 
limits of the data, this seems to be the case. The 
conglomerate is early to middle Wolfcampian in age.

The red chert-pebble conglomerate is believed to 
have been deposited in stream channels as evidenced by 
sedimentary structures and the presence of a channel 
section in outcrop. Chert pebbles evidently were carried 
into the area of deposition from the north, where, in the 
Winkelman-Superior area, the Pennsylvanian Naco Formation 
contains an abundance of red chert. Limestone pebbles in 
the conglomerate were probably picked up by the streams 
as they eroded into the underlying portions of the Earp 
and Horquilla formations.
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Earp Formation

In the report area, the Earp Formation can be 
separated into three informal members on the basis of 
lithology. These are, in ascending order, the lower limy 
member, the middle terrigenous member, and the upper inter- 
bedded member. Light gray, tan and pink limestones 
interbedded with some siltier and sandier limestones com
prise the lower limy member. The middle terrigenous 
member consists of calcareous sandstones and slltstones 
and scattered conglomerates. Dark gray, massive, mlcritic 
limestones alternating with tan to orange weathering 
arenaceous limestones and/or calcareous sandstones comprise 
the upper interbedded member.

A comparison of sections measured in the Gunnison 
Hills, the Whetstone Mountains, and the Patagonia Mountains 
shows that the terrigenous content of the lower limy member 
increases markedly to the southwest. This would indicate 
a source somewhere in northern Mexico. If this source can 
be substantiated and if, as is suspected, the remainder of 
the Earp Formation has its source to the north and north
west (Kottlowski, i960), then this would be an excellent 
reason for separating the lower and middle members of the 
Earp.

The type section of the Earp Formation is deemed 
atypical. The red chert-pebble conglomerate is not present
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at the type although it has been seen or reported on all 
sides of it. Most or all of the middle terrigenous 
member and the basal portion of the lower limy member are 
missing from the type section, probably cut out by faulting. 
Future workers are referred to the Gunnison Hills to 
observe typical outcrops of the Earp Formation.

If it is true that faulting has removed approxi
mately 400 feet of Earp from the type section and, as 
Bryant has suggested (oral communication), that the re
peated fusullnld zones in the very thick section measured 
by Sabins in the Chiricahua Mountains (Sabins and Ross,
1963) are the result of faulting, then most of the apparent 
thickening and thinning of the Earp Formation in south
eastern Arizona could be ascribed to faulting and not to 
initial deposition.



SUGGESTIONS FOR FUTURE STUDY

One of the first projects undertaken by any 
future worker in the Earp Formation should be a further 
re-evaluation of the type section. As pointed out above, 
the type section is almost certainly incomplete, probably 
for structural reasons. A much better reference section 
is that measured by Cooper (Gilluly, Cooper, and Williams, 
1954, p. 21-22) in the northern part of the Gunnison Hills.

Many interesting phenomena were observed in the 
Earp Formation, all of which should be studied in more 
detail. Most obvious of these is, perhaps, the abundant 
sedimentary structures in the terrigenous units of the 
formation. A statistical study of the oross-bedding in 
these units would provide valuable information concerning 
current directions and possible source areas. Heavy 
mineral studies could also be utilized in an attempt to 
determine provenance. If these studies were made within 
each member, it would probably be possible to determine 
whether the lower limy member has a different source than 
the remainder of the formation, as this study indicates.

This possible source for the lower limy member 
lying to the southwest of the report area is another 
aspect of the Earp Formation that needs additional study.
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Field work in north central Mexico would be required to 
determine If sediments from this area were responsible 
for the increased terrigenous content of the lower limy 
member in the southwest part of the report area, in contrast 
to that to the north and east.

A problem of minor importance in the Earp Forma
tion, and yet an interesting one, concerns the origin of 
the llmonlte, actually goethlte, cubes found in the 
formation. These cubes are pseudomorphous after pyrites 
they exhibit striatlons and a few have pyrite centers.
The pyrite cubes seem to have been primary as there is no 
evidence of growth of the cubes by pushing away the sur
rounding sand grains or by assimilation of sand grains. 
However, it is difficult to comprehend how perfect pyrite 
cubes could form in an environment turbulent enough to 
cause cross-bedding, horizontal laminations, and ripple 
laminations. Perhaps these cubes could have grown Just 
below the water-sediment interface without disturbing the 
sediments. Pyrite crystals 15 mm on a side in Tertiary 
clays on the south coast of Australia are thought to have 
grown during deposition of the clays (Edwards and Baker,, 
1951. P. 45).

Paleoenvlronmental investigations within the Earp 
Formation should prove rewarding. Lower portions of the 
Earp consist of light gray fosslllferous limestone. This



lithology, coupled with the presence of mudcracks in the 
lower limy member of section V, indicate a clear, shallow- 
water environment. The manifold sedimentary structures in 
the middle terrigenous member would, no doubt, reveal the 
environment of this member if studied in detail. As an 
Initial hypothesis, the abundance of ripple laminations 
would indicate a flood plain or a delta as these are the 
environments where ripple laminations predominate. Dark 
gray to black, sparsely fossil!ferous, fetid micrites in 
the upper interbedded member indicate a restricted 
environment. At regular Intervals, terrigenous materials 
were deposited in this environment, resulting in the silty 
and sandy interbeds in the upper member. The causes of 
this apparent restriction, which evidently lasted until 
the end of Colina time, are completely unknown. Perhaps 
this restriction of the early Permian seas was associated 
with the same event that caused the deposition of the red 
chert-pebble conglomerate. If one were to separate the 
rocks deposited in a clear water environment from those 
deposited in a restricted environment, he would have to 
make the division near the red chert-pebble conglomerate. 
Environmental clues abound in the Earp Formation; data 
for a paleoenvironmental study would not be difficult to 
collect.

Many of the previous suggestions for study could 
be incorporated into a basin analysis of the Earp



52
Formation. Essentially nothing is known about the tectonics 
during late Pennsylvanian and early Permian time in areas 
surrounding the region of Earp deposition. Source areas 
and directions of transport are known only generally. The 
area south of the Mexican border is almost completely un
known geologically. Any studies of this region would add 
greatly to the knowledge of southern Arizona geology.

One of the major problems concerning the Earp 
Formation is that of regional correlation of the red chert- 
pebble conglomerate of the three proposed members of the 
Earp, and of the formation itself. No known outcrops of 
the red chert-pebble conglomerate exist outside the re
port area. It is possible, however, that some of the 
limestone-pebble conglomerates, in different areas may be 
equivalent to the red chert-pebble conglomerate and may 
have been deposited at the same time on the same erosion 
surface. Bryant (1955. P* 1*0) reported such a conglomerate 
in the section he measured in the Naco Hills but this unit 
seems to be too high in the section to be correlative 
with the red chert-pebble conglomerate. Dirks (1966) 
reported an 8-foot thick limestone pebble conglomerate 
overlying a series of generally gray limestones with 
scattered red siltstones and below a unit of siltstones 
from the Earp Formation in the extreme southeastern corner 
of Arizona. This conglomerate occupies the same
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stratigraphic position as the red chert-pebble conglomerate 
in the Gunnison Hills. Dirks (1966, p. 16) suggested a 
tentative correlation between these two conglomerates and 
the author concurs with this suggestion. Sabins (1957. 
p. 489). in his work in the Chirlcahua and Dos Cabezas 
Mountains reported a few beds of limestone pebble conglo
merate in a more clastic portion of the Earp, any one of 
which may be equivalent to the red chert-pebble conglo
merate. GiHerman (1958) reported three limestone pebble 
conglomerates within the clastic portion of the Earp 
Formation in the Peloncillo Mountains of southwestern New 
Mexico. One of these could possibly be equivalent to 
the red chert-pebble conglomerate. Zeller (1965. p. 95). 
in his study of the Big Hatchet Mountains of southwestern 
New Mexico, reported a limestone-pebble conglomerate at 
the base of the clastic portion of the Earp in his Hale 
Tank section which is also in the same stratigraphic 
position as the red chert-pebble conglomerate in the 
Gunnison Hills. The possibility exists that these two 
conglomerates are correlative. Kottlowski (i960, p. 113). 
in his discussion of the red chert-pebble conglomerate in 
the Whetstone Mountains suggested N...a somewhat risky, 
long-range correlation of the conglomerate with the Powwow 
Conglomerate (of probable middle Wolfcampian age) at the 
base of the Hueco formation in New Mexico and Texas". All
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these conglomerates are of mid-Wolfcamplan age, but 
determining whether they are actually correlative will 
require considerable study.

The regional extent of the three-fold division of 
the Earp Formation should be Investigated before accepting 
the Informal members proposed In this study for sections 
other than In the report area. In the type section of 
the Earp, discussed above, the proposed division of the 
Earp Is not obvious, but Is probably present In part.
West of the report area, the Earp becomes more clastic 
and It, along with clastic equivalents of the Collna and 
Epitaph formations were Included In the Andrada Formation 
(Bryant, 1955. P« 37) which was named by Wilson, but 
never formally established (Wilson, 1951. P» 50). At 
present the three-fold division of the Earp Is not 
recognizable In this western region. The section measured 
by Bryant (1955. sect. 5) In the Naco Hills Includes rocks 
that are probably equivalent to the upper two members of 
the Earp. All three members of the Earp are present In 
the Qulmby Ranch area studied by Dirks (1966, p. 8-11), 
where the lower portion of the Earp Is composed of "...more 
than 4?0 feet of thln-bedded fusullnld limestones, 
dominantly gray but with several distinct reddish orange 
limestone units and scattered thin red slltstone Interbeds.M 
This portion of the formation is deemed equivalent to the



lower limy member of the Earp In the area of this report. 
Above this unit are more than 200 feet of red siltstones 
alternating with Colina-like mlcrltes near the top of the 
formation. These units are very similar to the middle 
terrigenous and upper interbedded members proposed in 
this report.

Sections measured by Sabins (1957b) in the Chiri- 
cahua and Dos Cabezas Mountains indicate portions of the 
Earp that might be correlative with the lower limy and 
middle terrigenous members but nothing similar to the 
upper interbedded member. In the Peloncillo Mountains of 
southwestern New Mexico. G1Herman (1958)» measured a 
section of the Earp Formation and reported 399 feet of 
predominantly sandstone, slltstone, and shale overlain 
by 432 feet of medium gray limestone interbedded with 
some siltstones, dolomites, and shales. These units 
probably are equivalent to the middle and upper members 
of the Earp in the report area. Zeller (1965), working 
further to the east in the Big Hatchet Mountains, reported 
that the Earp Formation in that area consists of clay- 
stones and siltstones that contain Interbeds of orange 
weathering, silty dolomite, silty limestone, and black, 
Colina-like limestone towards the top. This outcrop of 
Earp is similar to the middle terrigenous member and the 
upper interbedded member of the Earp in the report area.
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If the above correlations are correct, the 

disappearance of the lower limy member to the east can 
be explained by the character of the Earp-Horqullla boundary. 
This contact is arbitrarily taken at that point where thin, 
silty limestones and shales "...become dominant over the 
more massive limestones of the Horquilla" (Gllluly,
Cooper, and Williams, 1954, p. 19)• The lower limy member 
of the Earp seems to have a source of elastics to the 
southwest of the report area, and farther away from this 
source, to the east, sand and silt content of the lower 
limy member decrease. The section measured by Dirks (1966) 
marks the easternmost known silts in the lower portion of 
the Earp. East of this section, the clastic content of 
the lower limy member is reduced to essentially nothing. 
Therefore, according to the arbitrary placement of the 
Earp-Horqullla contact, rocks equivalent to the lower limy 
member of the Earp Formation in southwestern New Mexico, 
without any silt content, become part of the Horquilla 
Limestone. It is probable that the lower limy member of 
the Earp Formation in southeastern Arizona undergoes a 
facies change to the east and becomes the upper portion 
of the Horquilla in the sections measured by Gillerman 
and Zeller. This facies change occurs approximately at 
the Arizona-New Mexico border (see Plate 2). This con
clusion is strengthened by the fact that the age difference
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in the Earp Formation between southeastern Arizona and 
southwestern New Mexico is approximately equal to the age 
of the lower limy member, late Vlrgllian and early Wolf- 
camp lan. Kottlowskl (i960, p. 69) in discussing the 
location of the Pennsylvanian-Permlan boundary, realized 
that the lower Earp of Arizona and the upper Horqullla 
of New Mexico were age equivalents but did not suggest a 
facies change between the two.

Problems of regional correlation of the Earp 
Formation as a whole concern the extent of the formation 
and the age differences between its western and eastern 
portions. Bryant (1955) gives an excellent report on the 
distribution of the Earp in southern Arizona; the reader 
is referred to his work for details. The northwestern 
limit of outcrop of Earp equivalents, the Andrada Formation, 
is in the Waterman Mountains. Northern limits of the Earp 
are In the Colossal Cave area, the Gunnison Hills, and 
the Dos Cabezas Mountains. The Patagonia Mountains 
delimit the southwestern extent of the Earp Formation In 
southern Arizona. In southwestern New Mexico, the Big 
Hatchet Mountains mark the easternmost extension of the 
Earp. Kottlowskl (i960) does not mention any Earp north 
of the Pelonclllos and the Big Hatchets. How far the 
Earp Formation extends into Mexico Is unknown.

In southern Arizona, all workers have reported a 
late Vlrgllian to middle or late Wolfcamplan age for the



Earp Formation. Gillerman (1958. P» 38) stated that the 
Earp in the Peloncillo Mountains is all Wolfcampian and 
Zeller (1965. p. 48) reported that, in the Big Hatchet 
Mountains, the Earp is late Wolfcampian to early Leonardian 
in age. Much of this time difference between southeastern 
Arizona and southwestern New Mexico can be explained by 
the facies change between the lower limy member of the 
Earp and the upper portion of the Horqullla. The younger 
age of the Earp in the Big Hatchets can probably be ex
plained by reefing in the upper Horqullla (Zeller, 1965, 
p. 32) causing Horqullla-like conditions to persist for an 
even longer period of time.



APPENDIX

Introduction
Sections to be measured were chosen on the basis 

of whether or not they contained the red chert-pebble con
glomerate rather than on the basis of completeness. Section 
V, In the Whetstone Mountains, Is the only apparently com
plete section measured. Sections were measured with a 
Jacob staff and Brunton compass. Each five foot Interval 
was marked with spray paint. At least one sample was 
collected from every exposed numbered unit.

Limestone terminology follows that of Folk (1962). 
Terminology of clastic grain sizes Is in accordance with 
that proposed by Wentworth (1922). Grain size and degrees 
of roundness and sorting were estimated from hand samples. 
Important features seen in thin section are included in 
the rock descriptions as there is no petrography part of 
this thesis. Bedding terminology is shown in Table 3•

TABLE 3* BEDDING TERMINOLOGY

Term Thickness
thick bedded >120 cm >4«
medium bedded 10 - 120 cm - 4«
thin bedded 2 - 10 cm 1« -

very thin bedded 0.2 — 2 cm
laminated < 0.2 cm
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Measured Sections
Section I. —  Section of Earp Formation, northwestern 
Gunnison Hills.

Location. —  Southwestern slope of Gunnison Hills, 
SE^, Sec. 29. T. 15 S., R. 23 E., Dragoon Quadrangle, 15 
minute series, Cochise County, Arizona.

Collna Limestone1 very dark gray, medium to 
thick bedded, fetid limestone conformably 
overlying Earp Formation.

Earp Formation;
Upper Interbedded member;

Thickness 
(feet)

(Strike, N 35 W, dip 43° NE)
1. Sandstone, brownish gray (5 YR 4/1),

weathers moderate brown (5 YR 3/4); 
fine grained, fair sorting, sub- 
angular; calcareous cement; limonlte 
cubes pseudomorphous after pyrlte; 
ripple laminations, wedge-planar 
cross-laminations, symmetrical ripple 
marks; thin bedded..... .............. 10

2. Micrite, medium dark gray (N4), 
weathers medium gray (N5); upper 
third thin bedded, lower two-thirds 
medium bedded; mottling near middle; 
slightly fetid; gastropods, brachi-
opods and fossil hash near top...... . 6

3« Covered, probably sandstone..........  18
4. Micrite, dark gray (N3). weathers 

medium dark gray (N4), thin to 
medium bedded; slightly fetid; rare 
echinoid spines and brachlopods, 
fossil hash..........................  16

5« Sandstone, pale yellowish brown (10 
YR 6/2), weathers grayish red (10 R 
4/2); fine grained, fair sorting, 
subangular; calcareous cement; tabular- 
planar and wedge-planar cross-laminations.
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ripple laminations, horizontal 
laminations; medium bedded...... .. 10

5* (continued) Thickness
(feet)

6. Micrlte, grayish black (N2),
weathers grayish red (10 R 4/2); medium 
bedded In upper two-thirds, thin 
bedded at base; echinold spines, 
brachlopods, fossil hash.......... . 16

?. Sandstone, olive gray (5 Y 4/1), 
weathers moderate yellowish brown 
(10 YR 5/4): very fine grained, well 
sorted, subangular; calcareous cement; 
thin bedded; llmonlte cubes pseudo- 
mo rphous after pyrlte; symmetrical 
and flat-topped ripple marks; tabular- 
planar cross laminations, ripple 
laminations; echinold spines near
top....................... .......... 25

8. Covered, probably sandstone.........  12
9* Micrlte, dark gray (N3), weathers 

medium gray (N5)i medium bedded; 
fetid; sparry calclte and caliche in 
fractures; fossil hash near middle... 21

10. Covered, probably sandstone.........  12
11. Sandstone, light gray (N?), weathers 

dark yellowish brown (10 YR 4/2); 
fine grained, well sorted, sub- 
angular; calcareous cement; thin 
bedded; wedge-planar cross-lamina
tions, ripple laminations; llmonlte 
cubes pseudomorphous after pyrlte.... 4

12. Covered, probably sandstone.........  9
13. Micrlte, medium dark gray (N4), 

weathers medium gray (N5); medium 
bedded; slightly fetid; some 
mottling; brachlopods, gastropods.
fossil hash.........................  15

14. Covered, probably sandstone or
siltstone............................ 19
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Thickness
(feet)

(Strike, N 44° V; dip, 37° NE) 
15» Slitstone, pale yellowish brown 

(10 YR 6/2), weathers grayish 
orange (10 YR 7/4); thin bedded, 
calcareous cement; faint hori
zontal laminations..................  3

16. Covered, probably siltstone.........  6
17* Mlcrite, dark gray (N3), weathers 

medium dark gray (N4); slightly 
silty; thin bedded; slightly fetid; 
gastropods, echlnoid spines, fossil
hash..................... ........... 4

• Middle terrigenous member:
18. Covered, probably sandstone.........  20
19• Sandstone, medium gray (N5). weathers 

grayish red (10 R 4/2); very fine 
grained, subangular, fair sorting, 
calcareous cement; thin bedded;
poor outcrop.................... . 2

20. Covered, probably sandstone......... 10
21. Mlcrite, olive gray (5 Y 4/1), 

weathers olive gray (5 Y 4/1); 
oolitic and pellitic; slightly fetid;
medium bedded; very poor outcrop....  3

22. Covered, probably sandstone and/or
arenaceous limestone. ..............  80

23. Sandstone, pale red (5 R 6/2),
weathers dark yellowish brown (10 
YR 4/2); pebbly; medium to coarse 
grained, subround to round, poor 
sorting; occasional red chert pebbles 
up to 0.5 cm in diameter; thin bedded; 
calcareous cement.... ............... 3

24. Sandstone, grayish red (10 R 4/2), 
weathers dark yellowish brown (10 YR 
4/2); pebbly; coarse to very coarse 
grained, subround to round, poor



sorting; calcareous cement; thin 
bedded; pebbles of red chert and 
arenaceous limestone up to 2 cm in
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24. (continued) Thickness

(feet)

diameter, average 0.5 cm in
diameter....... ...................... 3

25. Covered, probably sandstone..........  10
26. Conglomerate, medium light gray (N6), 

weathers medium gray (N5); medium 
pebbles, subround, poor sorting; 
pebbles mostly of gray chert, rare red 
chert and arenaceous limestone pebbles; 
pebbles range up to 8 cm in diameter, 
average 1 cm in diameter; minor 
mlcritic cement; medium bedded, poor
outcrop..............................  8

27. Covered............................... 8
Lower limy membert
28. Sparry limestone, recrystallized, pale 

red (10 R 6/2), weathers pale red (10 R 
6/2); silty pods near top; medium 
bedded; fossils replaced by red chert; 
brachiopods, crlnoid stems, echinoid
spines, fossil hash..................  15

Total Earp Formation................. 368

Alluvium



Section II. —  Section of Earp Formation, Gunnison Hills.
Location. —  Northeast slope of Gunnison Hills to 

top of small hill to east of range $ Center, Sec. 33. T.
15 S., R. 23 E., Dragoon Quadrangle, 15 minute series, 
Cochise County, Arizona.

Colina Limestone* very dark gray, medium to thick 
bedded, fetid limestone conformably overlying 
Earp Formation.

Earp Formation*
Upper Interbedded member*

Thickness
(feet)

(Strike, N 26° W. dip 20° NE)
1. Sandstone, brownish gray (5 YR 4/1),

weathers brownish gray (5 YR 4/1); very 
fine grained, subangular to subround, 
well sorted; calcareous; horizontal 
laminations; symmetrical ripple marks; 
thin bedded.......... ................ 8

2. Micrlte, medium dark gray (N4), weathers 
light gray (N7)5 silty; slightly fetid; 
intramlerudite near top displays 
mottled weathering; medium bedded; fossil
hash, brachlopods, gastropods........  5

3• Covered, probably gray limestone.....  2
4. Sandstone, light brownish gray (5 YR

6/1), weathers brownish gray (5 YR 4/1); 
very fine grained, subangular, fair 
sorting; calcareous; horizontal lamin
ations, tabular-planar cross laminations;
thin bedded..........................  3

5. Covered, probably gray silty lime
stone overlying very dark gray 
limestone. ..........................  7

(Strike, N 44° W; dip, 30° NE)
6. Micrlte, dark gray (N3)» weathers light 

olive gray (5 Y 6/1); slightly fetid; 
lower part medium bedded, upper portion 
thin bedded; brachiopod hash in center, 
rare echlnold spines.................  18
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Thickness
(feet)

?. Covered, possibly calcareous
sandstone................... ......... 7

8. Micrlte, dark gray (N3). weathers
medium dark gray (n4); slightly fetid; 
faint mottling near top; thin to 
medium bedded; fossil hash In center.
small brachlopods.... ................ 12

9. Covered, probably silty limestone...... 2
10. Micrlte, brownish gray (5 YR 4/1),

weathers pale yellowish brown (10 YR 
6/2); very silty; poor outcrop; 
echlnold spines.........  ...........  1

11. Covered, probably dark gray
limestone.....................  ......  12

12. Sandstone, grayish orange (10 YR 7/4), 
weathers pale yellowish brown (10 YR 
6/2); fine grained, subangular to sub
round, fair sorting; calcareous; 
horizontal laminations, tabular- 
planar cross-laminations, ripple 
laminations; rare limonite cubes 
pseudomorphous after pyrlte; thin 
bedded; partially covered............  8

13• Covered, probably sandstone....... 9
14. Micrlte, medium dark gray (N4),

weathers light gray (N7); slightly
fetid, some mottling; medium
bedded................................ 13

15* Covered, probably gray limestone...... 6
16. Micrlte, dusky brown (5 YR 2/2),

weathers grayish orange (10 YR 7/4); 
very silty; horizontal laminations; 
thin bedded........................... 3

(Strike, N 41° W; dip, 35° NE)
17* Sandstone, medium light gray (No),

weathers pale brown (5 YR 5/2); fine 
grained, subangular to subround, good



sorting; highly calcareous; hori
zontal laminations, asymmetrical 
ripple marks; limonite cubes pseudo- 
mo rphous after pyrlte In upper part;
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1?. (continued) Thickness

(feet)

thin to medium bedded................  6
18. Covered, probably calcareous

sandstone............................  7
19. Mlcrite, brownish gray (5 YR 4/1),

weathers light olive gray (5 Y 6/1); 
slightly silty; intramlerudite layer 
displays mottled weathering; coated 
grains; medium bedded; fossil hash, 
brachlopods, crlnold stems, echlnold 
spines, algae........................  5

20. Mlcrite, medium dark gray (N4),
weathers medium gray (N5); slightly 
silty; slightly fetid; top 6 Inches 
mottled; calclte veins; medium bedded; 
fossil hash, echlnold spines.........  1?

21. Siltstone, pale yellowish brown (10 
YR 6/2), weathers grayish orange (10 
YR 7/4); very calcareous; horizontal
laminations; limonite cubes pseudo- 
mo rphous after pyrlte; thin bedded; 
poor outcrop.................   3

22. Covered, probably calcareous
siltstone.........   18

23. Mlcrite, light olive gray (5 Y 6/1),
weathers grayish orange (10 YR 7/4); 
highly arenaceous; some horizontal 
laminations; medium bedded... . 7

24. Mlcrite, medium dark gray (N4),
weathers medium gray (N5); slightly 
fetid; calclte velnlets; medium bedded; 
occasional echlnold spines...........  15

25• Sandstone, light olive gray (5 Y 6/1), 
weathers light brown (5 YR 6/4); very 
fine grained, subangular, good sorting; 
highly calcareous; horizontal laminations.



25 (continued) Thickness
(feet)

tabular-planar cross-laminations, 
ripple laminations, limonite cubes 
pseudomorphous after pyrlte; thin
bedded................. .............. 7

26. Covered, probably calcareous
sandstone............................  14

27. Pelmlcrite, brownish black (5 YR 2/1),
weathers medium gray (N5); slightly 
fetid; pellets display faint hori
zontal laminations and tabular-planar 
cross-laminations on weathered surface; 
medium bedded; fossil hash, crlnoid 
stems, echinold spines, brachlopods, 
algae, fish teeth and scales.........  9

Middle terrigenous member i
28. Covered, probably calcareous

sandstone............................  5
(Strike, N 40° W; dip, 34°NE)

29• Sandstone, light brownish gray (5 YR 
6/1), weathers pale yellowish brown 
(10 YR 6/2); fine grained, subangular 
to subround, fair sorting; calcareous; 
horizontal laminations, tabular-planar 
cross-lamlnatlons; limonite cubes 
pseudomorphous after pyrlte; thin
bedded................................ 4

30. Covered, probably calcareous
sandstone........................ . 14

31. Sandstone, grayish orange (10 YR 7/4), 
weathers pale yellowish brown (10 YR 
6/2); fine to medium grained, sub- 
angular to subround, fair sorting; 
calcareous; horizontal laminations, 
tabular-planar cross-laminations, 
ripple laminations; limonite cubes 
pseudomorphous after pyrlte near top;
thin bedded..........................  7

32. Covered, probably calcareous
sandstone............................. 16
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Thickness
(feet)

33* Sandstone, pale yellowish brown 
(10 YR 6/2), weathers grayish red 
(10 R 4/2); very fine grained, 
angular to subangular, fair sorting; 
calcareous; horizontal laminations, 
tabular-planar cross-laminations;
thin bedded..........................  5

34. Covered, probably calcareous
sandstone.................... ........ 30

35- Sandstone, pinkish gray (5 YR 8/1), 
weathers moderate yellowish brown 
(10 YR 5/4); medium grained, sub- 
angular, poor sorting; calcareous; 
thin conglomeratic layers contain 
small red chert pebbles; horizontal 
laminations, tabular-planar cross 
laminations; medium bedded...........  4

36. Conglomerate, pale red (5 R 6/2),
weathers dark yellowish brown (10 YR 
4/2); pebbles of red and gray chert, 
limestone and arenaceous limestone; 
chert pebbles range up to 3-5 cm in 
diameter, average 0.8 cm in diameter; 
limestone cobbles range up to 18 cm in 
diameter at base of unit, flat lime
stone pebbles range up to 6 by 20 cm, 
average size approximately 2 cm in 
diameter for rounded pebbles, 2.5 "by 5 
cm for flat pebbles; angular to round, 
very poor sorting; matrix of medium to 
coarse grained quartz and lime sand; 
mlcritic cement; limestone pebbles of 
lithologies contained in lower Earp; 
flat pebbles show imbrication; medium 
bedded; unconformity at base of 
unit.................................. 6

37* Covered, probably light gray lime
stone overlain by red slltstone and 
possibly some red chert-pebble 
conglomerate 27
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Thickness
(feet)

Lower limy member:
(Strike. N 34° W } dip, 27°NE)

38. Mlcrlte, pale red (10 R 6/2), weathers
pale yellowish brown (10 YR 6/2); med
ium bedded; pink chert pods at top; 
fossils replaced by red chert, crlnold 
stems, echlnold spines, brachlopods... 4

39. Mlcrlte, light gray (N?), weathers
light gray (N7); medium bedded; 
fossils replaced by red chert, 
echlnold spines, crlnold stems, 
splrlferld brachlopods...............  5

40. Mlcrlte, pale red (10 R 6/2), 
weathers pale yellowish brown (10 YR 
6/2); red chert flecks; slightly silty; 
medium bedded; fossils replaced by red 
chert, crlnold stems, echlnold spines.
small brachlopods....................  2

41. Covered, probably limestone..........  4
42. Mlcrlte, light olive gray (5 Y 6/1),

weathers light olive gray (5 Y 6/1); 
pelletlc; some Intramlerudite; medium 
bedded; fossil hash..................  1

43. Covered, probably limestone..........  19
44. Mlcrlte, medium light gray (N6),

weathers light olive gray (5 Y 6/1); 
slightly silty; horizontal and con
torted laminations; medium bedded....  4

45. Mlcrlte, light brownish gray (5 YR 6/1), 
weathers light brownish gray (5 YR 6/1); 
slightly silty; slltler layers are pale 
yellowish brown (10 YR 6/2), weathers 
light brown (5 YR 6/4); medium
bedded................................ 2

46. Covered, probably limestone..........  9



47. Micrlte, grayish orange pink (5
YR 7/1). weathers pale yellowish 
brown (10 YR 6/2); slightly sandy; 
medium bedded; echinold spines, 
crinold stems, brachiopods...........  6

48. Covered, probably limestone..........  22
49. Calcarenlte, light olive gray ($ Y

6/1), weathers yellowish gray (5 Y 
7/2); very coarse grained, subround, 
poor sorting; slightly arenaceous; 
medium bedded.... ....................  8

(Strike, N 47° W; dip, 26° NE)
50. Micrlte, medium light gray (N6),

weathers medium light gray (N6); 
partially covered; medium bedded; rare 
brachiopods and crinold stems........  12

51. Covered, probably limestone..........  2
52. Micrlte, medium dark gray (N4),

weathers medium gray (N5)i medium 
bedded; very small gastropods, Schwa- 
gerlna grandensls. S. sp.............  1

70
Thickness
(feet)

53• Covered, probably limestone..........  7
54. Micrlte, medium dark gray (N4), weathers

medium gray (N5)i intramicrudite at 
base; medium bedded; fossil hash near 
top, crinold stems, spiriferid brachi
opods..... ...........................  3

55. Covered, probably limestone..........  4
56. Micrlte, pale brown (5 YR 5/2),

weathers pale yellowish brown (10 YR 
6/2); slightly silty; medium bedded; 
crinold stems........................  2

57* Covered, probably limestone..........  10
58. Micrlte, moderate yellowish brown

(10 YR 5/4), weathers grayish orange 
(10 YR 7/4); gray chert pods near base; 
slightly silty; limonite cubes



pseudomorphous after pyrites medium 
bedded; echlnold spines..............  6

59 • Covered, probably gray limestone.....  2
60. Mlcrlte, brownish gray (5 YR 4/1).

weathers light brownish gray (5 YR 
6/1); intramlerudite at base; medium 
bedded; fossil hash, echlnold spines, 
algae.................    5

61. Mlcrlte, medium dark gray (N4),
weathers medium light gray (N6); 
medium bedded; poor outcrop; fossil 
hash at top, brechlopods, echlnold 
spines, crlnold stems, microscopic 
gastropods, Archimedes. Trltlcltes

71
58. (continued) Thickness

(feet)

southensls........ ................ . 6
62. Covered, probably limestone.... ...... 4

(Strike, N 34° W; dip, 29° NE)63. Mlcrlte, medium dark gray (N4),
weathers medium gray (N5)$ occasional 
gray chert pods; medium bedded; micro
scopic gastropods, algae, Schwagerlna
loringl..................... ......... 5

64. Covered, probably limestone..........  4
65. Slltstone, moderate red (5 R 4/6),

weathers pale reddish brown (10 R 
5/4); calcareous; thin bedded; poor 
outcrop............................... 1

66. Covered, probably limestone; fault
may repeat up to 5 feet of section
In covered Interval..................  7

67. Claystone, moderate brown (5 YR 4/4),
weathers grayish orange (10 YR 7/4); 
chert pods in upper part; medium
bedded................................ 2



68. Calcarenlte, brownish gray (5 YR 4/1),
weathers pale yellowish brown (10 YR 
6/2); coarse grained, subangular to 
round, fair sorting; calcareous cement; 
medium bedded; echlnold spines.......  5

69. Calcarenlte, pale yellowish brown 
(10 YR 6/2), weathers grayish orange 
(10 YR 7/4); coarse grained, sub
round to round, fair sorting; 
arenaceous; gray chert pods In middle; 
medium bedded; fossil hash, algae..... 5

70. Oomlcrlte, medium gray (N5). weathers
light olive gray (5 Y 6/1); some 
coated grains; medium bedded; crinoid 
stems, echlnold spines...............  4

71 • Micrite, pale red (5 YR 6/2), weathers 
grayish orange (10 YR 7/4); very silty; 
horizontal laminations on weathered 
surface; calcite and red chert veinlets; 
medium bedded........................  1

72. Micrite, brownish gray (5 YR 4/1);
weathers light brownish gray (5 YR 
6/1); chert pods at top; medium 
bedded; crinoid stems, echlnold 
spines.......   7

73 • Covered, probably limestone........  12
74. Micrite, medium gray (N5). weathers

pale yellowish brown (10 YR 6/2); 
slightly silty; faint horizontal 
laminations on weathered surface; 
medium bedded.......................  2

75* Covered, probably limestone........  4
76. Micrite, olive gray (5 Y 4/1), weathers

light olive gray (5 Y 6/1); slightly 
silty; medium bedded; rare crinoid 
stems and echlnold spines........... 5

Total Earp Formation................ 571

72
Thickness
(feet)

Alluvium



Section III. —  Section of Earp Formation, Gunnison Hills.
Location. —  West side of hill to east of main 

body of the Gunnison Hills: NW£, Sec. 10, T. 16 S., R.
23 E., Cochise Quadrangle, 15 minute series, Cochise 
County, Arizona.

Colina Limestone: very dark gray, medium to thick
bedded, fetid, limestone conformably overlying 
Earp Formation.

Earp Formation:
Upper interbedded member:

Thickness
(feet)

(Strike, N 31° W; dip, 39°NE)
1. Sandstone, olive gray (5 Y 4/1),

weathers light brown (5 YR 5/6); highly 
calcareous; very fine grained, angular 
to subangular; fair sorting; medium
bedded................................ 8

2. Covered, probably calcareous
sandstone....... ..................... 15

3» Mlcrlte, medium gray (N5), weathers 
light olive gray (5 Y 6/l); slightly 
fetid; some mottling in upper portion; 
calcite veins; medium bedded.........  15

4. Sandstone, light brownish gray (5 YR 
6/1), weathers pale brown (5 YR 5/2); 
fine to medium grained, subangular
to subround, fair sorting; calcareous; symmetrical ripple marks at top of 
unit; ripple laminations; thin to 
medium bedded............ ............10

(Strike, N 44° W; dip 63° NE)
5. Mlcrlte, medium dark gray (N4), 

weathers medium gray (N5); intraml- 
crudite near center of unit; calcite 
veins; possible fault; medium bedded.. 2?

(Strike, N 43° W; dip, 30° NE)
6. Mlcrlte, light brown (5 YR 6/4), 

weathers grayish orange (10 YR 7/4);

73



74
6. (continued) Thickness

(feet)
very silty; very small limonlte cubes 
pseudomorphous after pyrlte; Intra- 
mi erudite at top of unit; medium 
bedded................... ............ 5

7* Micrlte, medium gray (N5)* weathers 
light olive gray (5 Y 6/1); silty; 
interbeds of very silty micrlte; thin 
bedded.... ...........................  3

8. Micrlte, medium dark gray (N4), weathers 
medium light gray (N6); mottling at 
middle of unit; medium bedded; fossil 
hash at base; echlnoid spines, brachi-
opods, gastropods ...............  8

9* Micrlte, medium dark gray (N4),
weathers grayish orange (10 YR 7/4); 
very silty; medium bedded; echinold 
spines. ........ ................. 2

10. Sandstone, light gray (N7)• weathers
pale yellowish brown (10 YR 6/2); very 
fine grained, subangular, well sorted; 
calcareous; horizontal laminations, 
tabular-planar cross-laminations, 
ripple laminations; very small limonlte 
cubes pseudomorphous after pyrlte; thin 
to medium bedded, poor outcrop.......  5

11. Sandstone, grayish orange (10 YR 7/4), 
weathers grayish orange (10 YR 7/4); 
very fine grained, subangular to sub
round, well sorted; calcareous; small 
dendrites throughout rock; horizontal 
laminations, tabular-planar cross- 
laminations, ripple laminations;
medium bedded..... ...................  7

12. Sandstone, pale red (5 H 6/2), weathers
grayish red (10 R 4/2); fine grained, 
subangular, fair sorting; calcareous; 
ripple laminations; asymmetrical 
ripple marks; small limonlte cubes 
pseudomorphous after pyrlte; thin 
bedded................................ 11



75
Thickness
(feet)

13. Micrlte, medium dark gray (N4), 
weathers medium gray (N5)t slightly 
silty; fetid; calclte veins; medium 
bedded; loosely coiled nautilold
found at base of unit.................10

14. Sandstone, light brownish gray (5 YR 
6/1), weathers pale yellowish brown 
(10 YR 6/2); very fine grained, sub- 
angular, fair sorting; thin bedded.... 3

15* Micrlte, dark gray (N3). weathers
olive gray (5 Y 4/1); fetid; calclte 
veins; medium bedded; fossil hash In 
lower portion, brachiopods, crlnoid 
stems, echinoid spines..... .......... 4

16. Micrlte, medium dark gray (N4),
weathers light olive gray (5 Y 6/1); 
fetid; slightly silty* medium bedded; 
fossil hash In top 4 inches..........  5

Middle terrigenous member:
l?. Sandstone, light olive gray (5 Y 6/1), 

weathers moderate yellowish brown 
(10 YR 5/4)t very fine grained, sub- 
angular, well sorted; highly calcareous; 
horizontal laminations, tabular-planar 
cross-laminations, ripple laminations;
thin bedded......... ................. 7

18. Covered, probably calcareous
sandstone..... .......................  13

(Strike, N 33 W* dip, 24°NE)
19« Sandstone, medium gray (N5)# weathers 

light brown (5 YR 6/4)* highly cal
careous; very fine grained, subangular, 
good sorting; horizontal laminations, 
tabular-planar cross laminations, 
ripple laminations; llmonlte cubes 
pseudomorphous after pyrlte; medium
bedded................................ 10

20. Covered, probably calcareous
sandstone............................. 8



76
Thickness
(feet)

21. Sandstone, pale red (10 R 6/2), 
weathers light brown (5 YR 6/4); 
very fine grained, angular to subangular, 
good sorting; calcareous; ripple 
laminations, tabular-planar cross- 
laminations; llmonite cubes up to 0.8
cm, cubed, pseudomorphous after 
pyrlte; thin bedded.................   3

22. Covered, probably calcareous
sandstone............................  7

23* Siltstone, pale red (5 R 6/2), 
weathers light brown (5 YR 6/4); 
calcareous; thin bedded..........    2

24. Covered, probably calcareous
siltstone......... .................... 2

25. Sandstone, grayish orange (10 YR 
7/4), weathers light brown (5 YR 
6/4); fine grained, subangular, well 
sorted; calcareous; horizontal lamin
ations, tabular-planar cross 
laminations at base; very thin
bedded................................ 7

26. Covered, probably calcareous
sandstone...........................    7

27- Siltstone, light red (5 R 6/6) weathers 
grayish orange pink (5 YR 7/2); cal
careous; thin bedded.................  2

28. Covered, probably tan sandstone......  4
29. Sandstone, grayish orange (10 YR 7/4), 

weathers grayish orange (10 YR 7/4)5 
fine grained, subangular, good sorting;
calcareous; large pores up to 0.4 cm in 
diameter; horizontal laminations, 
tabular-planar cross-laminations; thin 
bedded; poor outcrop.................  5

30. Sandstone, pale reddish brown (10 R
5/4), weathers light brown (5 YR 5/6); 
fine to medium grained, subangular, fair 
sorting; calcareous; horizontal laminations.



30 (continued)
77

Thickness
(feet)

31.

tabular-planar cross-laminations, 
ripple laminations; thin to medium 
bedded 3

(Strike, N 31° W; dip, 27°NE)
Slltstone, pale red (5 R 6/2), weathers 
grayish red (10 H 4/2); calcareous; 
contains small cubes of mlcrlte, 
possibly ghosts of limonite cubes; 
thin bedded..........................  3

32. Calcirudite, pale red (10 R 6/2),
weathers grayish orange (10 YR ?/4); 
very fine pebbles, angular to round, 
poor sorting; rare limestone pebbles 
up to 1.2 cm in diameter; some red 
chert pebbles up to 0.6 cm in diameter; 
arenaceous matrix, micritic cement; 
tabular-planar cross-strata in float; 
medium bedded; very poor outcrop.....  3

33* Conglomerate, light brown (5 YR 6/4), 
weathers grayish red (10 R 4/2); 60% 
red and gray chert pebbles, 0.5 to 5 cm 
in diameter, average 1.0 cm in diameter, 
subangular to subround; k0% limestone 
and arenaceous limestone pebbles, lime
stone pebbles mostly flat, range from 1 
by 2 cm to 5 by 20 cm in cross section, 
average 2.5 by 6 cm; matrix of fine to 
very coarse grained quartz, chert and 
limestone grains; very poor sorting; 
calcareous cement; many limestone 
pebbles of lithology of underlying unit; 
flat pebbles show rare imbrication; 
medium bedded.............. .......... 5

34. Mlcrlte, pale red (5 R 6/2), weathers 
pale yellowish brown (10 YR 6/2); 
highly arenaceous; weathered surface 
shows horizontal laminations, ripple 
laminations, and wedge-planar cross- 
laminations; medium bedded...........  2

35* Mierudite, grayish red (10 R 4/2),
weathers pale red (10 R 6/2); pebbles 
of silty and arenaceous limestone; 
rounded pebbles up to 5 cm in diameter.



35* (continued) Thickness
(feet)

average 2 cm In diameter; flat 
pebbles in upper portion range up 
to 5 by 20 cm In cross section, 
average 2 by 4.5 cm; angular to sub
round; rare red chert pebbles, average 
0.4 cm In diameter, subround; very poor 
sorting; arenaceous matrix, calcareous 
cement; many limestone pebbles of lower 
Earp lithologies; medium bedded......  3

36. Slltstone, grayish red (5 R 4/2),
weathers pale red (5 R 6/2); coarse 
silt; calcareous; faint horizontal 
laminations on weathered surface; thin 
bedded................. .............. 8

37. Conglomerate, grayish red purple (5
HP 4/2), weathers grayish red (10 R 
4/2); 70# red chert pebbles, 30# gray 
to white chert pebbles; range from 0.4 
cm In diameter to 6 cm In diameter, 
average 1.3 cm In diameter; angular to 
subround, very poor sorting; cement 
mostly sparry calolte, minor mlcritic 
cement; rare microscopic llaonlte; 
tabular-planar and wedge-planar cross 
bedding; medium bedded; microscopic 
structures In chert pebbles may be bio
genic, unconformity at base...... . 13

Lower limy member:
(strike, N 35° W; dip, 28° HE)

38. Mlcrlte, pinkish gray (5 YR 8/1),
weathers pinkish gray (5 YR 8/1); red 
chert flecks; medium bedded; red chert 
replaces fossils, crlnold stems, 
echlnold spines....................  8

39» Mlcrlte, moderate orange pink (5 YR 8/4),
weathers pinkish gray (5 YR 8/1); red 
chert flecks and velnlets; medium 
bedded................    2

40. Mlcrlte, pale reddish brown (10 R 5/4), 
weathers light brown (5 YR 6/4); 
slightly silty; medium bedded; brachi- 
pods, echlnold spines, crlnold stems.. 6

78
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Thickness
(feet)

41. Covered, probably limestone..........  3
42. Micrite, pale red (5 R 6/2), weathers

pale red (10 R 6/2); slightly silty; 
red chert flecks; medium bedded; 
fossil hash, crinoid stems, echinoid 
spines..............   2

43. Covered, probably limestone..........  2?
44. Micrite, light brownish gray (5 YR

6/1), weathers light gray (N7); 
slightly silty; medium bedded; poor 
outcrop............................... 2

45. Micrite, pinkish gray (5 YR 8/1),
weathers very pale orange (10 YR 8/2); 
medium bedded............   3

46. Covered, probably limestone........... 9
47. Claystone, pale red (5 R 6/2), weathers 

light brown (5 YR 5/6); highly cal
careous; contains dark yellowish 
orange (10 YR 6/6) intraclasts of small 
to very small pebble size; very small 
limonite cubes pseudomorphous after 
pyrite; medium bedded; poor
outcrop............................... 5

48. Micrite, pinkish gray (5 YR 8/1), 
weathers pinkish gray (5 YR 8/1); 
lenses of grayish orange (10 YR 7/4) 
silty micrite; rare flecks of red 
chert; chert pods near base and top; 
medium bedded; echinoid spines.
crinoid stems............. ...........13

49• Covered, probably limestone............ 6
50. Micrite, medium dark gray (N4),

weathers medium gray (N5); chert pods
at base; medium bedded, poor
outcrop.................. ............ 4

51* Micrite, pinkish gray (5 YR 8/1),
weathers pinkish gray (5 YR 8/1); medium 
bedded; fossil hash, possible algae... 9



80
Thickness
(feet)

52. Covered, probably light gray lime
stone overlying pale red silty 
limestone...........  31

53• Sparry limestone, recrystallized,
yellowish gray (5 Y 7/2). weathers 
yellowish gray (5 Y 8/1); flecks of 
brown calclte associated with very 
small llmonlte cubes; medium bedded; 
poor outcrop; crlnoid stems..........  18

(Strike, N 30° W; dip, 24° NE)
54. Mlcrlte, brownish gray (5 YR 4/1),

weathers light gray (N?)? some mottling; 
medium bedded; fossil hash, crlnoid 
stems, echlnoid spines, braohlopods... 15

55* Covered, probably gray limestone......10
56. Mlcrlte, medium dark gray (N4),

weathers medium gray (N5); Intraml- 
crudlte at top of unit; 1 to 3-lnch 
light brown (5 YR 5/6) chert band 8 
Inches from top of unit; medium 
bedding; fossil hash shows contorted
bedding; Schwagerlna lorlngl.........  3

57* Covered, probably gray limestone.....  2
58. Mlcrlte, brownish gray (5 YR 4/1), 

weathers light brownish gray (5 YR 
6/1); top 4 to 6 inches is silty 
mlcrlte, pale reddish brown (10 R 5/4), 
weathers grayish orange (10 YR 7/4); 
6-lnch Intramierudite at center of unit; 
medium bedded; fossil hash at base, 
braohlopods, echlnoid spines, crlnoid
stems................................. 7

59 • Covered probably gray limestone......  5
60. Mlcrlte, moderate yellowish brown (10 

YR 5/4), weathers pale yellowish brown 
(10 YR 6/2); silty; pods of calcareous 
slltstone; thin bedded............... 1
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61.

Thickness
_ _ (feet)

(Strike, N 33 Ws dip, 26°NE)
Mlcrlte, pale red (10 H 6/2), weathers 
light brown (5 YR 6/4); silty; rare 
chert pods at base; fossil hash, 
splrlferld and tetrabratulld brachi- 
opods, crlnold stems..... ............ 9

62. Mlcrlte, medium dark gray (N4),
weathers medium light gray (N6); 
slightly fetid; medium bedded; fossil 
hash, brachlopods, crlnold stems, 
echinold spines, fusulinids at 4 and 9 
feet above base of unit; upper zone 
contains Trltlcltes southensls. lower 
zone contains T. southensls. Schwagerlna 
lorlngl.......7............. ......... 20

63. Mlcrlte, medium dark gray (N4), 
weathers light olive gray (5 Y 6/1); 
chert pods at base of unit; medium 
bedded; fossil hash near top, braohl- 
opods, crlnold stems, fusulinids at
center, Schwagerlna grandensls.......  5

64. Covered, probably gray limestone...... 15
65. Mlcrlte, grayish orange (10 YR 7/4), 

weathers grayish orange (10 YR 7/4); 
very silty; horizontal laminations; 
chert pods at top; caloite veins; 
medium bedded; fossil hash, 
brachlopods.............. ............ 2&

66. Mlcrlte, pale red (5 R 6/2), weathers 
grayish orange (10 YR 7/4); silty; 
faint horizontal laminations on 
weathered surface; very small llmonite 
cubes pseudomorphous after pyrlte, 
medium bedded........................  2h

67. Mlcrlte, light brown (5 YR 6/4),
weathers pale yellowish brown (10 YR 
6/2); very small llmonite cubes pseudo
morphous after pyrlte; medium bedded; 
crlnold stems, echinold spines, 
algae................ ................ 4
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Thickness
(feet)

68. Mlcrlte, light brownish gray (5 YR
6/1), weathers light olive gray (5 Y 
6/1); slightly silty; medium bedded; 
partially covered; fossil hash........ 5

69. Mlcrlte, grayish orange (10 YR 7/4), 
weathers pale yellowish brown (10 YR 
6/2); slightly silty; rare small 
limonite cubes pseudomorphous after 
pyrite; medium bedded; crlnold stems.
echinold spines......................  7

70. Covered, probably limestone........ . 15
71• Mlcrlte, brownish gray (5 YR 4/1),

weathers pale yellowish brown (10 YR 
6/2); slightly silty; thin calcarenite 
bed 1 foot from top; thin, grayish 
orange (10 YR 7/4) chert pods near top 
of unit; medium bedded; fossil hash, 
crlnold stems, echinold spines, splrl- 
ferid and productid braohlopods, 
fusulinlds at base: Trltlcltes sp.... 9

72. Covered, probably limestone.......... 34
(Strike, N 31° W; dip, 33° NE)

73• Mlcrlte, medium dark gray (N4),
weathers grayish orange (10 YR 7/4); 
highly arenaceous; weathered surface 
shows horizontal laminations, tabular- 
planar cross-laminations, and ripple
laminations; thin bedded.............  2

74. Covered, probably limestone..........  13
75* Mlcrlte, brownish gray (5 YR 4/1), 

weathers pale yellowish brown (10 YR 
6/2); silty; red chert veinlets; rare 
small limonite cubes pseudomorphous 
after pyrite; medium bedded; fossil 
hash, fusulinlds near top: Trltlcltes
creekensls............................ 5

76. Siltstone, grayish red (10 R 4/2),
weathers light brown (5 YR 6/4); highly 
calcareous; very small cubes with 
pyrite centers and limonite replacing



?6. (continued) Thickness
(feet)

the exterior; thin bedded; poor 
outcrop.... ..........................  3

77 • Covered..............................  9
78. Mlcrlte, medium gray (N5). weathers

medium light gray (N6); some mottling; 
medium bedded........................  4

79 • Covered..............................  29
80. Mlcrlte, pale yellowish brown (10 YR

6/2), weathers light olive gray (5 Y 
6/1); slightly silty; medium bedded; 
crlnold stems, echinold spines, rare 
brachlopods..........................  3

81. Covered, probably limestone..........  6
82. Mlcrlte, light brown (5 YR 6/4),

weathers pale yellowish brown (10 YR 
6/2); slightly silty; medium bedded; 
fossil hash In top 4 Inches, echinold 
spines, crlnold stems................  2%

83. Mlcrlte, medium gray (N5). weathers
medium light gray (N6); very slightly 
arenaceous; thin bedded..............  §

84. Covered, probably limestone..........  21
85. Mlcrlte, pale brown (5 YR 5/2),

weathers light brownish gray (5 YR 
6/1); faint mottling near top; 6-lnch 
intramlerudite layer at base; coated 
grains; algae, rare echinold spines... 3

86. Covered..............................  25
87. Mlcrlte, grayish orange pink (5 YR

7/2), weathers pale yellowish brown 
(10 YR 6/2); slightly silty; very small 
limonite cubes pseudomorphous after 
pyrlte; medium bedded................  6

88. Claystone, light brown (5 YR 5/6),
weathers grayish orange (10 YR 7/4); highly calcareous; silty; medium bedded; crlnold stems, echinold spines.......  2

83



84
Thickness 
(feet)

89. Covered..............................  11
90. Mlcrlte, pale red (5 R 6/2), weathers

pale yellowish brown (10 YR 6/2); 
slightly arenaceous; medium bedded; 
partially covered; fossil hash, 
crlnoid stems, echinoid spines.... . 11

91. Covered.........    39
92. Mlcrlte, pale yellowish brown (10 YR

6/2), weathers light brownish gray
(5 YR 6/1); mottled; medium bedded; poor 
outcrop; partially covered; crlnoid 
stems................................. 4

93• Covered, probably limestone........... 12
94. Mlcrlte, medium gray (N5), weathers

medium light gray (N6); thick bedded; 
echinoid spines, crlnoid stems........ 5

Total Earp Formation..................790
Alluvium



Section IV. —  Section of Earp Formation, Gunnison Hills.
Location. —  Saddle between main body of Gunnison 

Hills and small hill to east; SE£, Sec. 10, T. 16 S.,
R. 23 E., Cochise Quadrangle, 15 minute series, Cochise 
County, Arizona.

Colina Limestone: very dark gray, medium to thick
bedded, fetid limestone conformably overlying 
Earp Formation.

Earp Formation:
Upper interbedded member:

Thickness
(feet)

(Strike, N 63° W; dip, 38° NE)
1. Sandstone, grayish red (10 R 4/2),

weathers pale brown (5 YR 5/2); medium 
grained, subangular, fair sorting; 
calcareous cement; horizontal lamina
tions, ripple laminations, tabular- 
planar cross-laminations, symmetrical 
ripple marks; limonite cubes pseudo- 
morphous after pyrlte; thin bedded; 
poor outcrop..........................  28

2. Mlcrite, brownish gray (5 YR 4/1), 
weathers medium gray (N5); slightly 
fetid; some slightly silty layers; 
intramierudite at top displays mottled 
weathering; medium bedded; brachlopods.
echinoid spines, fossil hash....... . 1?

3. Covered, probably sandstone..........  12
4. Mlcrite, light olive gray (5 Y 6/1), 

weathers yellowish gray (5 Y 7/2); 
arenaceous; faint horizontal lamina
tions on weathered surface; medium 
bedded................................ 2

5« Covered, probably sandstone........... 13
6. Mlcrite, pale yellowish brown (10 YR 

6/2), weathers grayish orange (10 YR 
7/4); silty; medium bedded...........  4
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7. Micrlte, pale yellowish brown (10
YR 6/2), weathers pale yellowish 
brown (10 YR 6/2); very silty; some 
horizontal laminations on weathered 
surface; medium bedded...............  7

(Strike, N 65° W; dip, 57° NB)
8. Micrlte, medium dark gray (N4), 

weathers medium gray (N5); slightly 
sandy; fetid; mottling near top and 
bottom of unit; rare, small limonlte 
cubes pseudomorphous after pyrlte; 
medium bedded; fossil hash in center 
of unit, brachiopods, echlnoId spines.
rare gastropods......................  20

9* Covered, probably sandstone..........  12
10. Sandstone, grayish orange (10 YR 7/4), 

weathers grayish orange (10 YR 7/4); 
fine grained, subangular, well sorted; 
calcareous cement; horizontal lamina
tions, tabular-planar cross-laminations; 
limonlte cubes pseudomorphous after
pyrlte; thin bedded..................  3

11. Covered, probably limestone. ........  8
12. sandstone, light brownish gray (5 YR 

6/1), weathers grayish red (10 R 4/2); 
highly calcareous; very fine grained, 
subangular, fair sorting; ripple lamin
ations, tabular-planar cross-laminations; 
limonlte cubes pseudomorphous after
pyrlte; thin bedded; poor outcrop....  2

13• Covered, probably calcareous
sandstone....... .....................  5

14. Calcarenite, grayish red (5 R 4/2), 
weathers brownish gray (5 YR 4/1); 
coarse to very coarse grained, subround 
to round, poor sorting; mlcritic cement; 
thin to medium bedded; very poor out
crop; fossil hash, echinold spines.... 2

15» Covered, probably calcareoussandstone............................. 17
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16.
(Strike, N 67° W; dip, 44°NE)

Thickness 
(feet)

Pelmlcrlte, medium dark gray (N4), 
weathers olive gray (5 Y 4/1); fetid; 
medium bedded; echlnoId spines.......  2

17* Mlorlte, medium gray (N5). weathers
medium light gray (N6); slightly silty; 
faint horizontal laminations on 
weathered surface; very small limonlte 
cubes pseudomorphous after pyrite in 
basal 2 feet of unit; thin to medium 
bedded........... ....................  16

Middle terrigenous membert
18. Covered, probably calcareous

sandstone............................  6
19• Sandstone, dark yellowish brown (10 

YR 4/2), weathers moderate brown (5 
YR 4/4); very fine grained, subangular, 
fair sorting; highly calcareous; horizontal 
laminations, ripple laminations, tabular- 
planar cross-laminations; small limonlte 
cubes pseudomorphous after pyrite; thin
to medium bedded.....................  27

20. Covered, probably calcareous sand
stone and/or slltstone...............  20

21. Slltstone, moderate red (5 R 5/4),
weathers grayish red (10 R 4/2); cal
careous; tabular-planar micro-cross 
laminations, horizontal laminations; 
thin bedded.......... ................ 10

22. Covered, probably calcareous slltstone
and/or sandstone.....................  27

23• Conglomerate, grayish red purple (5 
HP 4/2), weathers moderate yellowish 
brown (10 YR 5/4); pebbles of red and 
white chert, limestone, and arenaceous 
limestone; limestone pebbles average 2 
cm In diameter, chert pebbles average
0.5 cm in diameter; subangular to round, 
very poor sorting; sand and slit matrix; 
calcareous cement; medium bedded...... 2



88
Thickness
(feet)

24. Covered, probably sandstone..........  4
25. Micrite, grayish orange pink (5 YR

7/2), weathers pale red (10 R 6/2); 
highly arenaceous; weathered surface 
displays horizontal laminations and 
tabular-planar cross-laminations $ 6- 
inch conglomerate layer near base of 
unit; medium bedded..................  8

26. Conglomerate, pale red (10 R 6/2),
weathers pale red (10 R 6/2); pebbles 
mostly of limestone or arenaceous 
limestone, scattered chert pebbles; 
pebbles average 1.2 cm in diameter, 
large flat pebbles range up to 4 by 
15 cm; subangular to round, very poor 
sorting; arenaceous matrix, arenaceous 
Interbeds show horizontal laminations, 
calcareous cement; medium bedded.....  6

27• Covered, probably calcareous
sandstone............................  13

28. Conglomerate, grayish red purple (5 
HP 4/2), weathers pale reddish brown 
(10 R 5/4); pebbles of red and white 
chert and gray quartzite, 0.4 to 4 cm 
in diameter, average 0.8 cm in diameter; 
subround, poor sorting; dolomitlc 
cement; tabular-planar cross-bedding; 
minor interbeds of arenaceous limestone; 
unconformity at base; medium bedded... 10

Lower limy member t
(Strike, N 62°W; dip, 47° NE)

29• Micrite, grayish red purple (5 RP 4/2), 
weathers light brownish gray (5 YR 6/1); 
silty layers near top weather grayish 
orange (10 YR 7/4); medium bedded; 
fossils replaced by red chert.
echlnold spines......................  10

30. Covered, probably limestone..........  3



31• Mlcrlte, grayish orange pink (5 YR 
7/2), weathers pale yellowish brown 
(10 YR 6/2); mottling near top; medium 
bedded; echlnold spines, 
braohlopods..........................  9

32. Covered, probably silty limestone....  4
33* Mlcrlte, pale brown (5 YR 5/2),

weathers pale yellowish brown (10 YR 
6/2); medium bedded; poor outcrop; 
fossil hash..........................  2

34. Covered.......................    13
35. Mlcrlte, light brown (5 YR 6/4),

weathers moderate yellowish brown 
(10 YR 5/4); very silty; weathered 
surface shows horizontal and contorted 
laminations; poor outcrop............ 4

36. Covered........     12
37* Mlcrlte, light brownish gray (5 YR 

6/1), weathers light gray (N7); 
slltler layer near top; red chert 
velnlets; medium bedded poor 
outcrop...............   4

38. Mlcrlte, light brownish gray (5 YR 
6/1), weathers light brownish gray 
(5 YR 6/1); medium bedded; poor 
outcrop............................... 3

39• Covered, probably limestone........... 11
40. Mlcrlte, pale red (10 R 6/2),

weathers light brownish gray (5 YR 
6/1); poor outcrop; echlnold spines, 
brachlopods........   3

41. Mlcrlte, grayish orange pink (5 YR
7/2), weathers grayish orange pink 
(5 YR 7/2); chert pods near top, red 
chert flecks and velnlets; medium 
bedded.......   8
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42. Covered, probably limestone.......... 10
43* Mlcrlte, light brownish gray (5 YR

6/1), weathers pinkish gray (5 YR 8/1); 
medium bedded; echinold spines, 
crlnold stems, brachlopods...........  11

44. Covered, probably limestone..........  29
(Strike, N 67° W; dip, 4?° NE)

45. Pelmlcrlte, light brownish gray (5 
YR 6/1), weathers very pale orange 
(10 YR 8/2); gray chert pods 1 foot 
from top; medium bedded; fossil hash 
near middle of unit, brachlopods,
algae................................. 9

46. Mlcrlte, medium gray (N5), weathers 
medium light gray (N6); mottled 
weathering near top; caliche In
cracks; medium bedded...... .......... 13

4?. Covered, probably limestone..........  11
48. Mlcrlte, pale red purple (5 RP 6/2),

weathers light gray (N7); medium 
bedded; algae, crlnold stems, echinold 
spines................................ 5

49. Covered, probably limestone..........  2
50. Mlcrlte, pale reddish brown (10 R 5/4),

weathers light brown (5 YR 6/4); silty; 
weathered surface shows faint hori
zontal laminations; gray chert pods; 
medium bedded; poor outcrop..........  1

51. Covered, probably limestone..........  17
52. Mlcrlte, pale yellowish brown (10 YR

6/2), weathers grayish orange (10 YR 
7/4); slightly arenaceous; medium 
bedded................................ 7

53* Covered, probably limestone........   4
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54* Mlcrlte, medium dark gray (N4),
weathers medium gray (N5); gray chert 
pods; slltler Interbeds contain fusullnlds; 
medium bedded; fossil hash near top, rare 
small brachlopods, crlnold stems; 
fusullnlds found at 1, 7, 13, and 15 
feet above base of unit, upper bed con
tains Trltlcltes oellamagnus, T. 
southensls (?)T~Schwagerlna spT; layer 
13 feet contains T. cellamagnus. T. 
coronadoensls. T»~~ventrlcosus; layer at 
7 feet contains T. southensls. S. 
grandensls, T. creekensls (?); basal
layer contains S. iorlngl............  18

55* Covered, possible fault..............  12
(Strike, N 27 W; dip, 34 NE)

56. Mlcrlte, light brown (5 YR 6/4),
weathers grayish orange (10 YR 7/4); 
slightly silty; weathered surface dis
plays faint horizontal laminations and 
tabular-planar cross-laminatIons; calclte 
and red chert veinlets; chert pods; 
medium bedded........................  2

57* Calcarenlte, pale red (10 R 6/2),
weathers pale yellowish brown (10 YR 
6/2); medium to very coarse grained, 
round, poor sorting; mlcritic cement; 
some mlcrlte pods; thin to medium
bedded; fossil hash, algae...........  4

58. Mlcrlte, light gray (N7). weathers
light gray (N7); rare gray chert pods; 
medium bedded; fossil hash...........  8

59* Mlcrlte, pale yellowish brown (10 YR 
6/2), weathers grayish orange (10 YR 
7/4); slightly silty; faint horizontal 
laminations on weathered surface; gray
chert pods; thin to medium bedded....  2

60. Mlcrlte, pale yellowish brown (10 YR 
6/2), weathers pale yellowish brown 
(10 YR 6/2); slightly silty; calclte 
veinlets; medium bedded..............  3
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61. Slltstone, grayish red (10 R 4/2),
weathers pale reddish brown (10 R 5/4); 
slightly arenaceous, calcareous cement;
thin bedded..... .....................  2

Total Earp Formation..... .........•••559
Horquilla Limestonei medium gray, medium bedded lime

stone outcrops below 20-foot covered interval 
containing a fault.



Section V. —  Section of Earp Formation, Whetstone Mountains.
Location. —  Two hills and intervening saddle on 

the south side of Dry Canyon, eastern margin of Whetstone 
Mountains, NWi, Sec. 22 to NWi. Sec. 23. T. 19 S., R. 19E., 
Benson Quadrangle, 15 minute series, Cochise County, Arizona.

Colina Limestone: very dark gray, medium to
thick bedded, fetid limestone conformably 
overlying Earp Formation.

Earp Formation:
Upper interbedded member:

Thickness
(feet)

(Strike, N 25° W { dip. 35° SW)
1. Sandstone, pale yellowish brown (10

YR 6/2); weathers pale yellowish 
brown (10 YR 6/2); fine grained, sub- 
angular, fair sorting; calcareous; 
very small limonlte cubes pseudo- 
morphous after pyrite; thin to medium 
bedded............ ...................  9

2. Mlcrite, dark gray (N3). weathers
medium gray (N5); slightly arenaceous; 
fetid; medium bedded; fossil hash, 
brachlopods, eohinold spines.........  5

3* Mlcrite, olive gray (5 Y 4/1), weathers 
light olive gray (5 Y 6/1); arenaceous; 
layering of sand grains near top of 
unit produces varve-like horizontal 
laminations; thin to medium bedded.... 21

4. Sandstone, grayish orange (10 YR 7/4), 
weathers pale yellowish brown (10 YR 
6/2); fine grained, subangular, well 
sorted; calcareous; horizontal lamin
ations, tabular-planar cross-laminations, 
ripple laminations; thin bedded......  11

5, Covered, probably calcareous 
sandstone................. . 4

6. Mlcrite, dark gray (N3), weathers light 
gray (N?): some mottling; medium bedded; 
rare brachlopods............... ...... 19
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?• Covered, probably calcareous
sandstone...........       5

8. Sandstone, light olive gray (5 Y 6/1), 
weathers pale yellowish brown (10 YR 
6/2)i highly calcareous; fine to medium 
grained, subangular to subround, fair 
sorting; horizontal laminations, ripple 
laminations; medium bedded...........  8

9* Micrite, dusky yellowish brown (10 YR 
2/2), weathers dark yellowish brown 
(10 YR 4/2); calcarenitic; some coarse 
quartz sand grains; medium bedded; fossil 
hash, brachlopods, crinoid stems, 
echlnold spines................  3

10. Sandstone, olive gray (5 Y 4/1), 
weathers moderate yellowish brown 
(10 YR 5/4); fine grained, subangular, 
fair sorting; calcareous; tabular- 
planar micro-cross laminations; medium
bedded................................ 5

11. Covered, probably calcareous
sandstone............................. 22

12. Micrite, dark gray (N3), weathers
medium gray (N5); slightly fetid; some 
silty laminations; thin to medium 
bedded; fossil hash, brachlopods, 
echlnold spines......................  13

13* Micrite, olive gray (5 Y 4/1); weathers 
yellowish gray (5 Y 7/2); slightly 
silty; silty layers show varve-like 
horizontal laminations; medium 
bedded................................ 5

14. Siltstone, yellowish gray (5 Y 7/2), 
weathers grayish orange (10 YR 7/4); 
calcareous; limonite cubes pseudo- 
morphous after pyrlte; thin bedded; 
poor outcrop..................    8
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15* Micrite, dark gray (N3). weathers 
olive gray (5 Y 4/1); fetid; pelml- 
crlte near top; thin to medium bedded; 
fossil hash at base of unit, brachi- 
opods, echlnold spines...............  4

16. Sandstone, olive gray (5 Y 4/1),
weathers moderate yellowish brown (10 
YR 5/4), fine grained, subangular, fair 
sorting; highly calcareous; tabular- 
planar micro-cross laminations, 
overturned micro-cross laminations; 
thin to medium bedded................  8

17* Micrite, dark gray (N3). weathers 
medium gray (N5); fetid; thin to 
medium bedded; 2-foot fossil hash zone 
in middle, brachlopods, small gastro
pods, echlnold spines................  12

18. Covered, probably gray limestone.....  22
19. Micrite, medium dark gray (N4), weathers 

medium light gray (n 6); fetid; thin to 
medium bedded; fossil hash near base, 
brachlopods, small gastropods, echlnold
spines................................ 5

20. Covered, probably sandstone..........  15
21. Sandstone, medium dark gray (N4),

weathers pale yellowish brown (10 YR 
6/2); very fine grained, angular to 
subangular, well sorted; highly cal
careous; horizontal laminations, 
ripple laminations, wedge-planar 
micro-cross laminations; very thin to 
thin bedded, rarely medium bedded....  21

22. Micrite, dark gray (N3). weathers 
light olive gray (5 Y 6/l); slightly 
silty; fetid; thin to medium bedded; 
fossil hash, brachlopods, echlnold
spines...................... ......... 25

23. Covered, probably calcareous
sandstone............................. 5



24. Sandstone, light olive gray (5 Y 6/1), 
weathers light brown (5 YR 5/6)$ fine 
grained, subangular, well sorted; highly 
calcareous; horizontal laminations, 
ripple laminations, wedge-planar cross
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laminations; thin bedded.............  6
25* Covered, probably sandstone........... 9
26. Mlcrite, medium dark gray (N4), 

weathers medium gray (N5); fetid; 
rare silty Interbeds; thin to medium 
bedded; fossil hash at base..........  16

2?. Sandstone, light olive gray (5 Y 6/1), 
weathers light olive gray (5 Y 6/1); 
very fine grained, subangular, well 
sorted; calcareous; horizontal lamin
ations, ripple laminations; partially
covered; very thin bedded............. 14

28. Covered, probably sandstone........... 10
29. Mlcrite, medium dark gray (N5).

weathers light olive gray (5 Y 6/1); 
fetid; medium to thin bedded; fossil 
hash near top........................  8

Middle terrigenous member;
30. Siltstone, pale yellowish brown (10

YR 6/2), weathers moderate yellowish 
brown (10 YR 5/4); coarse grained, some 
very fine grained sand; calcareous; 
horizontal laminations, ripple lamin
ations, tabular-planar micro-cross 
laminations; thin to very thin bedded, 
rarely fissile; partially covered....  60

31. Siltstone, brownish gray (5 YR 4/1), 
weathers moderate yellowish brown
(10 YR 5/4); highly calcareous; coarse 
silt; medium bedded..................  4

32. Sandstone, pale yellowish brown (10
YR 6/2), weathers pale yellowish brown 
(10 YR 6/2); very fine grained.



subangular, fair sorting; calcareous;
ripple laminations at base; thin
bedded; partially covered......... . 9

33* Sandstone, pale yellowish brown (10
YR 6/2), weathers pale yellowish brown 
(10 YR 6/2); medium to very coarse grained, 
subangular to round, very poor sorting; 
both quartz and lime sand; very pebbly; 
pebbles of red chert and limestone, sub
angular to round, range up to 2.8 cm 
in diameter, average 0.4 cm in diameter; 
fine grained sparry oalclte cement; lime
stone pebbles at base mostly of lithology 
of underlying unit; tabular-planar 
cross-bedding; outcrop represents a 
channel 4 feet deep and about 350 feet 
across; unconformity at base; medium 
bedded................... ............ 4

(Strike, N 7° W; dip, 28°SW)
34. Mlcrite, pale yellowish brown (10 YR 

6/2), weathers grayish orange (10 YR 
7/4); slightly silty; thin bedded at 
base, remainder medium bedded; fossil 
hash, spirifer and productld brachio- 
pods, crlnold stems, echlnoid spines, 
algae, bryozoans, Trltlcltes southensls
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32. (continued) Thickness

(feet)

at base of unit......................  25
35* Covered, probably calcareous

sandstone............................  28
36. Claystone, grayish orange (10 YR 7/4),

weathers grayish orange (10 YR 7/4); 
calcareous; dolomitlc; gnarly bedding; 
thin bedded..........................  3

37* Covered...............................  18
38. Mlcrite, medium gray (N5). weathers

medium light gray (n 6); slightly 
silty; medium bedded; rare echlnoid 
spines................................ 5

39* Covered...............................  20
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40. Sandstone, light brownish gray (5 
YR 6/1), weathers pale yellowish 
brown (10 YR 6/2); highly calcareous; 
very fine grained, subangular, fair 
sorting; medium bedded; very poor
outcrop............................ . 1

41. Covered, probably calcareous
sandstone............. ............... 20

42. Sandstone, pale yellowish brown (10 YR 
6/2), weathers pale yellowish brown 
(10 YR 6/2); fine grained, subangular, 
fair sorting; calcareous; horizontal 
laminations, wedge-planar cross- 
laminations; thin to medium bedded.... 3

43. Siltstone, grayish red (5 R 4/2), 
weathers grayish red (10 R 4/2); cal
careous; some very fine grained sandstone; 
limestone inclusions near top; desert 
varnish in spots; horizontal laminations;
thin bedded..........................  5

44. Covered, probably red siltstone......  10
(Strike, N 12° W; dip, 17° SW)

45. Sandstone, pale yellowish brown (10 
YR 6/2), weathers very pale orange 
(10 YR 8/2); very fine grained, sub
angular, fair sorting; calcareous; 
horizontal laminations, wedge-planar 
micro-cross laminations, ripple lamin
ations; some layers contain limestone 
pebbles up to 5 cm in diameter; thin
to very thin bedded..................  52

46. Covered, probably calcareous
sandstone............. ............... 10

47. Conglomerate, pale red (10 R 6/2),
weathers pale brown (5 YR 5/2); light 
and dark gray limestone pebbles up to 
15 cm in diameter, average 6 cm in 
diameter, subangular to subround, very 
poor sorting; matrix of very fine 
grained sandstone, subangular; cal
careous cement; flat limestone pebbles
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parallel to bedding; horizontal 
laminations in sandstone; thin to 
medium bedded............. ........... 5

48. Covered, float indicates mostly cal-.
careous sandstone and siltstone...... 134

4?. (continued) Thickness
(feet)

(Strike, N 5° W; dip, 26° SW)
49. Claystone, grayish orange (10 YR 7/4), 

weathers grayish orange (10 YR 7/4); 
calcareous; dolomitic; very silty, 
very fine grained sand near top dis
plays horizontal laminations, ripple 
laminations, wedge-planar cross- 
laminations ; rare limestone nodules
near top; thin to medium bedded......  3

50. Covered, probably calcareous
sandstone............................  19

51. Sandstone, light brownish gray (5 YR 
6/1), weathers pale yellowish brown 
(10 YR 6/2); fine grained, subangular, 
fair sorting; calcareous; horizontal 
laminations, ripple laminations;
thin bedded..........................  3

52. Covered, probably calcareous
sandstone..... ....................... 10

Lower limy member:
53* Blomlcrlte, light olive gray (5 Y 6/1), 

weathers light olive gray (5 Y 6/1); 
medium bedded; fossil hash, echlnold 
spines, crinoid stems, brachlopods.
algae, bryozoans, Trltlcltes cf. 
bensonensls......... ................. 6

54. Covered, probably tan calcareous
siltstone............................  29

55• Fusulinld blomlcrlte, light brownish
gray (5 YR 6/1), weathers light brownish 
gray (5 YR 6/1); medium bedded, fossil 
hash, echlnold spines, crinoid stems, 
brachlopods, algae, Trltlcltes bensonensls. 
T. cf. creekensls or ventrlcosus sacramento en s fs 10
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56. Covered, probably tan calcareous
slltstone............................. 23

57* Mlcrite, medium light gray (N6), 
weathers light gray (N?); slightly 
silty; upper part forms dip slope, 
poorly exposed; medium bedded;
echlnoId spines......................  1?

58. Covered, probably slltstone..........  16
59• Sandstone, light olive gray (5 Y 6/1), 

weathers moderate yellowish brown (10 
YR 5/4); very fine grained, subangular, 
fair sorting; highly calcareous; hori
zontal laminations, ripple laminations; 
some slltstone Interbeds; thin to
medium bedded.................... .... 19

60. Covered, probably sandstone..........  23
61. Mlcrite, medium dark gray (N5). weathers 

light olive gray (5 Y 6/1); top two- 
thirds of unit forms dip slope, partially 
covered; medium bedded; microscopic 
llmonlte cubes pseudomorphous after 
pyrite; crinold stems, echinoid spines, 
algae, bryozoans, microscopic gastro
pods, fusullnlds at base: Trltlcltes
mcgrewensis, T. cf. plummerl, T.
coronadoensls...................... .. 30

62. Covered, probably calcareous
slltstone...................... ...... 8

63. Slltstone, grayish orange (10 YR 7/4), 
weathers grayish orange (10 YR 7/4); 
calcareous; llmonlte cubes pseudo
morphous after pyrite; thin bedded;
poor outcrop.........................  5

64. Covered, probably calcareous
slltstone............................  20

65. Mlcrite, light brownish gray (5 YR 
6/1), weathers light gray (N7)> top 
two-thirds forms dip slope, partially covered; mud cracks5 thin to medium bedded........ ...................... 21
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66. Covered, probably calcareous
slltstone............... ............. 18

67. Mlcrlte, light brownish gray (5 YR 
6/1), weathers pale yellowish brown 
(10 YR 6/2)5 very silty; gray chert 
pods in center; calcarenitic; medium 
bedded; limonite and calclte ghosts 
of limonite cubes; fossil hash,
echlnoid spines, crinold stems, algae, 
bryozoans, brachlopods, fusullnlds at
bases Trlticltes coronadoensi ......  16

68. Covered, probably calcareous
slltstone.............. .............. 47

69. Mlcrlte, light olive gray (5 Y 6/1), 
weathers light gray (N7); thin to 
medium bedded; fossil hash, brachlopods, 
algae, fusullnlds at bases Trlticltes
mogrewensls. T. bensonensls. T. 
ventrlcosus sacramentoensls. T. ...... 15

70. Covered, probably silty limestone....  40

Total Earp Formation 1132

Horqullla Limestones medium gray, medium to
thick bedded limestone, conformably underlying 
the Earp Formation.



Section VI. —  Section of Earp Formation, Whetstone
Mountains.

Location. —  Northeast slope of ridge and south 
flank of nose one mile west-southwest of Sands Ranch; NE|, 
Sec. 4, T. 20 S., R. 19 E., Mustang Mountains Quadrangle, 
7-5 minute series, Cochise County, Arizona.

Covered:
Earp Formation:

Middle terrigenous member:
Thickness 
(feet)

(Strike, N 22° W; dip, 15° SW)
1. Sandstone, grayish red (10 R 4/2), 

weathers pale brown (5 YR 5/2); fine 
grained, subangular, fair sorting; 
calcareous cement; tangential wedge- 
planar micro-cross laminations; very
thin bedded............ .............. 16

2. Covered, probably red sandstone......  3
3• Conglomerate, grayish red (10 R 4/2), 

weathers grayish red (10 R 4/2); half 
of pebbles of red chert, subangular 
to subround, average 0.5 cm In diameter; 
remainder flat arenaceous limestone 
pebbles, averaging 0.5 by 1.5 cm, and 
subangular to subround limestone 
pebbles, average diameter 0.6 cm; very 
poor sorting; coarse grained chert and 
lime sand matrix; mlcrltlc cement:
medium bedded; poor outcrop..........  5

4. Covered, probably red sandstone......  16
5. Sandstone, grayish red (10 R 4/2), 

weathers moderate brown (5 YR 3/4); 
very fine grained, subangular to sub- 
round, fair sorting; tabular-planar 
cross-laminations, horizontal lamina
tions, ripple laminations; calcareous
cement; thin bedded; partially
covered............. ................. 76

6. Covered, probably red sandstone......  5
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Thickness
(feet)

7. Calcarenlte, medium dark gray (N4), 
weathers light olive gray (5 Y 6/1); 
arenaceous; medium to coarse grained, 
subround, fair sorting; horizontal 
laminations, tabular-planar cross
laminations; micritic cement; medium
bedded...............................  4

8. Covered, probably red sandstone......  1
9. Sandstone, grayish red (10 R 4/2),

weathers grayish red (10 R 4/2); fine 
grained, subangular to subround, fair 
sorting; calcareous cement; ripple
laminations; thin bedded.............  16

10. Covered, probably red sandstone......  7
11. Calcarenlte, light olive gray (5 Y

6/1), weathers light olive gray (5 
Y 6/l); very pebbly; very coarse 
grained, subround to round, poor 
sorting; some pebbles up to i cm in 
diameter; sparry calclte cement, thin 
bedded...............................  4

12. Sandstone, grayish red (5 R 4/2), 
weathers grayish red (10 R 4/2); fine 
grained, subangular, well sorted; 
calcareous cement; small limestone 
nodules in upper portion, possibly 
replacing fossils; ripple laminations;
thin bedded..........................  28

13• Covered, probably red sandstone......  11
14. Sandstone, grayish red (5 R 4/2),

weathers pale yellowish brown (10 YR 
6/2); fine grained, subangular, well 
sorted; calcareous cement; horizontal 
laminations, ripple laminations; thin
bedded................................  17

15. Covered, probably sandstone..........  14
16. Sandstone, brownish gray (5 YR 4/1), 

weathers moderate brown (5 YR 4/4); 
highly calcareous; fine grained.
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subangular, fair sorting; hori
zontal laminations; thin bedded; 
partially covered.................... 49

1?. Covered, probably sandstone..........  6

16. (continued) Thickness
(feet)

Lower limy member«
(Strike, N 12° W; dip, 17° SW)

18. Mlcrlte, medium light gray (N6),
weathers light brownish gray (5 YR 6/1); 
slightly silty; some coated grains; 
medium bedded; echlnoid spines, large 
and small gastropods, brachlopods, algae, 
fossil hash, Trltlcites bensonensls.
T. ooronadoensls (?).............. . 4

19* Covered.... .......................... 17
20. Mlcrlte, brownish gray (5 YR 4/1), 

weathers medium light gray (N6); 
rare coated grains; red and yellow 
calcite veinlets; very small llmonlte 
cubes; thin to medium bedded; small 
brachlopods, echlnoid spines, algae.
fossil hash...........................  3

21. Covered, probably limestone..........  6
22. Mlcrlte, medium light gray (N6),

weathers light gray (N7); medium 
bedded; algae........................  5

23. Mlcrlte, grayish red (10 R 4/2),
weathers light brownish gray (5 YR 6/1); 
slightly silty; gnarly bedding; micro
scopic llmonlte cubes and ghosts of 
llmonlte cubes now replaced by calcite; 
thin bedded; algae, crinold stems, 
echlnoid spines, brachlopods, very 
small gastropods, fossil hash, Trlt- 
icltes bensonensls. T. southensis. 
Dunbarlnelia so

24 Covered
2
25
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25. Mlcrite, light olive gray (5 Y 6/1), 
weathers yellowish gray (5 Y 7/2); 
slightly silty; thin bedded; echlnold 
spines, crlnold stems, brachlopods.

Thickness
(feet)

algae, fossil hash....... ............ 2
26. Covered, probably limestone..........  7
27. Mlcrite, medium gray (N5)» weathers 

light gray (N7); 2$-foot silty lime
stone layer at top; fusullnlds in 
reddish zone at base; thin to medium 
bedded; echlnold spines, fossil hash, 
Trltlcltes bensonensls, T. mcgrewensls.
T. coronadoensls (?)..««T............  16

28. Covered..............................  27
29. Mlcrite, medium light gray (N6), 

weathers light gray (N7); top 6- 
inches contains intramierudite;
fossil hash; thin bedded......  4

30. Covered.......     8
31. Pelmicrite, light brownish gray (5 

YR 6/1), weathers light brownish 
gray (5 YR 6/1); some coated grains 
and oolites; thin to medium bedded; 
fossils replaced by red chert, crlnold
stems, echlnold spines...............  6

32. Covered, probably limestone..........  24
33• Calcarenite, medium dark gray (N4), 

weathers medium gray (N5); coarse 
grained, subround to round, poor 
sorting; pebbly, 1-foot calcirudite 
layer at base, pebbles subanguler to 
subround, up to 4 cm in diameter5 hori
zontal laminations at top; micritic
cement; thin bedded..................  4

Total Earp Formation....... ..........438

Horquilla Limestone 1 medium gray limestone in 
fault contact with Earp Formation.



Section VII. -- Section of Earp Formation, Colossal Cave
area.

Location. —  North slope of ridge one mile south
west of Pistol Hill; SEt, Sec. 12, T. 16 S., R. 16 E., 
Rincon Valley Quadrangle, Pima County, Arizona.

Horquilla Limestone; Medium gray micrite in 
thrust fault contact with Earp Formation.

Earp Formation;
Upper interbedded member;

Thickness 
(feet)

(Strike, N 51° W 5 dip, 50° SW)
1. Sandstone, medium gray (N5)» weathers 

pale yellowish brown (10 YR 6/2); fine 
grained, subangular to subround, fair 
sorting; calcareous cement; contains 
small pods of limestone; medium bedded; 
fractured............................  7

2. Covered, probably sandstone..........  9
3. Sparry limestone, recrystallized,

medium gray (N5). weathers light 
olive gray (5 Y 6/1); slightly silty; 
rare gray chert pods near top; thick 
bedded; fractured....................  10

4. Covered..............................  13
5. Micrite, medium light gray (N6),

weathers medium gray (N5)j slightly 
silty; layers and pods of gray chert; 
medium to thick bedded; fractured....  12

6* Covered..............................  6
?. Micrite, light gray (N7). weathers

light gray (N7); gray chert pods 
near center; thin bedded; 
fractured..............   10

Middle terrigenous member;
8. Covered, probably red shale under

lying gray shale.....................  9
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9. Conglomerate, grayish red (10 R 4/2), 
weathers brownish gray (5 YR 4/1); 
pebbles of red and gray chert up to 
3 cm In diameter; subangular to sub
round, poor sorting; mlcritic cement; 
4-lnch sandstone unit In middle; 
medium bedded; possible biogenic 
structures in chert pebbles..........  5

10. Mlcrite, pinkish gray (5 YR 8/1),
weathers pinkish gray (5 YR 8/1); 
thin bedded, fractured; very poor 
outcrop..............................  11

11. Conglomerate, grayish red (10 R 4/2), 
weathers dark yellowish brown (10 YR 
4/2); pebbles mostly red chert, some 
gray chert; range up to 0.4 cm in 
diameter; average about 0.25 cm In 
diameter; subangular to subround, very 
poor sorting; mlcrltic cement; calcareous 
sandstone interbeds; medium bedded.... 3

12. Calcarenlte, pale red (5 R 6/2), 
weathers pale yellowish brown (10 YR 
6/2); very coarse grained, subangular,

Thickness
(feet)

very poor sorting; small, subangular 
to subround pebbles of red chert, 
some gray chert pebbles; mlcrltic 
cement; thin conglomerate lenses; 
medium bedded; some fracturing.......  4

13. Covered, possibly red shale over-
lying green shale...............  32

14. Shale, pale green (5 G 7/2), weathers
pale green (5 G 7/2); sparry calclte 
veinlets; fissile; poor outcrop......  6

15« Covered, probably green shale.......... 68
Lower limy member 1
16. Mlcrite, medium light gray (N6),

weathers light olive gray (5 Y 6/1);
medium bedded; fractured and
jointed..........   4
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Thickness
(feet)

17* Covered, probably limestone............ 9
18. Kicrite, medium gray (N5). weathers

medium light gray (n 6); contains 
gray chert pods; medium bedded; 
fractured...................   25

19* Covered...............................  26
20. Mlcrlte, pale red (10 R 6/2), weathers

pale red (5 R 6/2); silty; contains 
lenses of round calcareous slltstone 
pebbles up to 5 cm in diameter; thin 
bedded; highly fractured; very poor 
outcrop...............   2

21. Covered..............................  14
22. Mlcrlte, light olive gray (5 Y 6/1),

weathers pale yellowish brown (10 YR 
6/2); occasional thin beds of gray 
chert; medium bedded.................  26

23* Covered...............................  19

Total Earp Formation............   330

Quartz monzonltet probably in fault contact with 
overlying Earp Formation.



Section VIII. —  Section of Earp Formation, Patagonia
Mountains.

Location. —  South slope of ridge, one-half mile 
south of American Peak; NW£, Sec. 16, T. 23 S., R. 16 E., 
Harshaw Quadrangle, 7*5 minute series, Santa Cruz County, 
Arizona.

Covered:
Earp Formation:

Upper interbedded member:
Thickness 
(feet)

(Strike, N 86° E; dip, 26°NW)
1. Sandstone, pale red purple (5 HP 6/2), 

weathers dark yellowish brown (10 YR 
4/2); very fine grained, subangular 
to subround, fair sorting; calcareous
cement; thin bedded; poor outcrop.... 16

2. Micrlte, dark gray (N3). weathers 
medium gray (N5); slightly fetid; 
thin to medium bedded; poor 
outcrop....... ....................... 5

3* Micrlte, light olive gray (5 Y 6/1), 
weathers pale yellowish brown (10 YR 
6/2); very silty; horizontal lamina
tions; thin to medium bedded; poor 
outcrop..............................  11

4. Covered, probably sandstone and/or
arenaceous limestone.................  15

5. Micrlte, medium dark gray (N4), 
weathers light gray (N?); slltler 
intervals show horizontal laminations; 
sparry calcite velnlets; medium bedded;
echlnold spines......................  33

6. Covered, possible sandstone..........  11
?• Micrlte, pale yellowish brown (10 YR 

6/2), weathers light olive gray (5 Y 
6/1); very silty; medium bedded......  8
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Thickness
(feet)

8. Mlcrlte, medium dark gray (N4), 
weathers medium light gray (n 6 ) j
fetid; thin bedded...................  10

Middle terrigenous member*
9« Covered, probably sandstone.......... 43
10. Sandstone, light brown (5 YR 6/4),

weathers pale yellowish brown (10 YR 
6/2); very fine grained, subangular to 
subround, fair sorting; limonite cubes 
pseudomorphous after pyrlte; thin 
bedded; poor outcrop.................  10

11. Conglomerate, grayish red (10 R 4/2), 
weathers dark yellowish brown (10 YR 
4/2); pebbles of subround to round red 
chert, white chert, and limestone; 
chert pebbles average 3 cm in diameter, 
limestone pebbles average 5 cm in 
diameter; very poor sorting; rare lime
stone and sandstone interbeds; medium 
grained sand matrix, mlcritic cement; 
tabular-planar cross-bedding; medium 
bedded; fossil hash and spicules in red
chert pebbles*........................  5

12. Siltstone, grayish red (10 R 4/2), 
weathers pale red (5 R 4/2); cal
careous cement, thin bedded...... . 2

13» Conglomerate, grayish red (10 R 4/2), 
weathers pale brown (5 YR 5/2); flat 
pebbles of underlying limestone and 
arenaceous limestone; range up to 3 
by 11 cm in cross section, average 1 
by 3 cm; angular to subangular, very
poor sorting; siltstone matrix,
mi critic cement, medium bedded.......  3

14. Siltstone, grayish red (10 R 4/2), 
weathers pale red (5 R 6/2); cal
careous cement, thin bedded..........  5

15» Covered, probably sandstone..........  3
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Thickness
(feet)

(Strike, N 89° W; dip, 24° NE)
16. Sandstone, moderate yellowish brown 

(10 YR 5/4). weathers pale yellowish 
brown (10 YR 6/2); very fine grained, 
subangular to subround, fair sorting; 
calcareous cement; horizontal laminations, 
wedge-planar micro-cross laminations; 
1-foot arenaceous mlcrlte layer In middle;
thin to medium bedded.......... ....... 12

1?. Mlcrlte, pale yellowish brown (10
YR 6/2), weathers light gray (N?)i 
thin to medium bedded; poor 
outcrop..................   3

18. Covered, probably sandstone........... 5
19. Sandstone, very pale orange (10 YR 

8/2), weathers pale yellowish brown 
(10 YR 6/2); very fine grained, sub- 
angular to subround, fair sorting.
thin bedded; very poor outcrop.......  4

20. Covered, probably sandstone.......... 12
Lower limy member*
21. Mlcrlte, pale red (5 R 6/2), weathers 

pale yellowish brown (10 YR 6/2); 
very silty, slltler layers weather
grayish orange (10 YR 7/4); thin 
bedded.............. ................. 11

22. Covered, probably silty limestone..... 9
23. Pelmlcrlte, pale yellowish brown (10 

YR 6/2), weathers pale yellowish brown 
(10 YR 6/2); slightly silty, grayish 
orange (10 YR 7/4) silty limestone 
layer at top; medium bedded; algae.
brachlopod hash......................  13

24. Covered, probably calcareous
sandstone............................  1?

25. Mlcrlte, light brownish gray (5 YR 
6/1), weathers light brownish gray 
(5 YR 6/1); silt laminations; thin
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25. (continued) Thickness

(feet)
to medium bedded; brachlopods, 
echlnold spines..........    9

26. Covered, probably limestone........... 5
27* Pelmlcrlte, medium light gray (N6),

weathers light gray (N7); thin bedded;
poor outcrop; algae, brachlopod
hash..................    2

28. Covered, probably sandstone...........  7
29. Sandstone, light olive gray (5 Y 6/1), 

weathers pale yellowish brown (10 YR 
6/2); very fine grained, subangular to 
subround, fair sorting; calcareous 
cement; llmonite cubes pseudomorphous 
after pyrlte; top 1-foot contains lime
stone nodules approximately 2.5 cm in
diameter; thin bedded................  7

30. Covered, probably sandstone..... . 6
31. Micrite, light olive gray (5 YR 6/1),

weathers yellowish gray (5 Y 7/2); 
very silty; thin bedded; poor
outcrop...............    4

32. Covered............   32
33* Micrite, light brownish gray (5 R 6/1), 

weathers light gray (N7); silty, silty 
laminations near base; mottled at top; 
rare small chert pods near top; thin to
medium bedded....... ................. 4

34. Covered, probably limestone..........  9
35* Micrite, pale red (10 R 6/2), weathers 

grayish orange pink (5 YR 7/2); red 
chert veinlets; medium bedded; brachl
opods, crinoid stems, echlnold
spines................................ 3

36. Covered, probably sandstone..........  3
37. Sandstone, pale red (5 R 6/2),

weathers dark yellowish brown (10 YR 
4/2); very fine grained, subangular
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to subround, fair sorting; cal
careous cement; flat limestone 
pebbles in upper portion; thin 
bedded; partially covered............  31

38. Calcarenite, grayish red (10 R 4/2), 
weathers light gray (N7)s medium 
grained, subround to round, fair 
sorting; micritic cement; small chert 
pods; medium bedded; crinoid stems 
replaced by red chert; fossil hash of 
brachiopods and echlnoid spines......  8

39• Sandstone, pale red (5 R 6/2),
weathers pale yellowish brown (10 YR 
6/2); very fine grained, subangular, 
fair sorting; calcareous cement; lime 
content increases upward, top 2 feet 
is arenaceous limestone; horizontal 
laminations; wedge-planar micro-cross 
laminations; limonite cubes pseudo- 
mo rphous after pyrlte; thin bedded;

37• (continued) Thickness
(feet)

echlnoid spines near top.............  23
40. Covered, probably sandstone....... . 11
41. Micrite, brownish gray (5 YR 4/1), 

weathers pale yellowish brown (10 YR 
6/2); silty, some calcareous siltstone 
interbeds; horizontal laminations, 
wedge-planar micro-cross laminations; 
thin bedded, some gnarly bedding; gray
and red chert pods near base.........  20

42. Covered, probably sandstone............ 30

Total Earp Formation..................480

Horquilla Limestone: medium gray limestone in
fault contact with overlying Earp Formation
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