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THE FT. APACHE LIMESTONE 
OF EAST CENTRAL 

ARIZONA

by

Robert H. Frazier

ABSTRACT

The Ft. Apache limestone outcrops from Ft. Apache, Arizona, 

to Pine, Arizona, along the Mogollon Rim. Generally, its position in 

the surface exposures is about 400 feet below the top of the Supai for

mation. Northward, in the subsurface, it is approximately 1,000 feet 

beneath the top of the Supai formation.

In the area of the Ft. Apache Indian Reservation, the Ft. Apache 

limestone is a hard, dark gray, finely crystalline, fossiliferous lime

stone, with a characteristic lower recess of less resistant siltstone.

In this area, the limestone is termed a biomicrite. To the west, is a 

facies change to a light gray, non-fossiliferous, extremely silty lime

stone, which is termed a calclithite. In the subsurface to the north, 

the Ft. Apache horizon is primarily a dolomite.

The Ft. Apache limestone attains its maximum thickness of
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126 feet in the Ft. Apache area. To the west, near Pine, the limestone 

thins to only 39 feet, and presumably, pinches out entirely in the area 

north of Sedona.

The Ft. Apache limestone is of probable Wolfcampian and 

Leonard! an age, and probably correlates with the Colin a limestone of 

the Naco group of southern Arizona.
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INTRODUCTION

Purpose

In the past few years, several-oil and gas exploratory wells 

have been drilled in the east central part of Arizona. In this area of 

several thousand feet of sediments, knowledge of marker horizons is 

essential to drillers and geologists.

The purpose of this paper is to bring about a better under

standing of the Ft. Apache limestone by a study of both the surface ex

posures along the Mogollon Rim, and subsurface information derived 

from wells drilled north of the Rim outcrops.

Area Studied

The Ft. Apache limestone outcrops along the Mogollon Rim 

from Ft. Apache, Arizona, to the vicinity of Fossil Creek, near Pine, 

Arizona. Generally, this paper refers to two areas where field work 

was done in the summer of 1960. The eastern area occurs on the Ft. 

Apache Indian Reservation, and is referred to as such. This Reserva

tion generally covers the area between the 109° 30' W. and 110° 45' W. 

meridians and between the 33° 45' N. and 34° 15' N. parallels. The 

area west of the Reservation is referred to as the western area. The
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index map, Figure 1, indicates the area studied and the location of the 

Reservation.

Field work for this paper included measuring four sections on 

the Ft. Apache Indian Reservation. The Ft. Apache limestone caps 

many of the hills and buttes on the Reservation and can be traced for 

miles in some of the canyon walls, for example, along the North Fork 

of the White River. The farthest eastward measured section of the Ft. 

Apache limestone is located about eight miles east of Ft. Apache. East 

of this locality, the limestone dips beneath extensive lava flows. The 

section that is eight miles east of Ft. Apache is also the southernmost 

exposure of the limestone, as south of this point, the limestone is either 

under lava flows or has been removed by erosion.

Five sections were measured west of the Ft. Apache Indian 

Reservation. Here, the Ft. Apache limestone outcrops along the 

prominent Mogollon Rim and can be observed as a prominent white cliff 

overlain and underlain by red beds. No sections were measured west 

of Pine; although several limestone horizons were investigated west of 

that town as possible extensions of the Ft. Apache limestone. It is r e 

ported that the limestone does extend to Oak Creek Canyon but pinches 

out a short distance west of that canyon (Jackson, 1951).

Subsurface studies center around the Holbrook area where 

numerous oil and gas exploratory wells have been drilled. The index 

map, Figure 1, indicates the location of both surface and subsurface
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4

studies.

The Mogollon Rim, commonly known as the southern extension 

of the Colorado Plateau, is heavily timbered. Relief along the Rim av

erages 1, 500 feet. The slopes in many places are steep and constitute 

shear cliffs. A few gravel and dirt roads transverse the area. Thun

derstorms in the latter weeks of summer make field work almost im

possible due to impassable roads. In the winter months, snow makes 

much of the area inaccessible.

Previous Work

A concise study of the Ft. Apache limestone has not been 

published to date. The limestone was first noted by Darton (1925) in 

the Ft. Apache-White River area as a limestone about 75 feet thick 

and occurring approximately 150 feet below the top of the Supai forma

tion. Darton did not give a name to this ’’upper lime, ” but later, 

Stoyanow (1936) named it the Ft. Apache limestone. Other early 

studies of the Supai formation do not mention the Ft. Apache limestone. 

At the type locality of the Supai formation at Havasu Canyon in the 

Grand Canyon, there is no limestone horizon in the 1,100-1, 200 feet of 

exposed red beds (Darton, 1910).

Recent workers who have recognized the Ft. Apache limestone 

are Winters (1951) and Jackson (1951). The paper by Winters mentions 

the Ft. Apache limestone as being a member of the Supai formation
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occurring below the Corduroy facies of the Supai formation. Jackson 

(1951) has collected and identified fossils of the Ft. Apache limestone 

for his study of the Supai formation along the Mogollon Rim. Huddle 

and Dobrovolny (1945) make use of the Ft. Apache limestone as a 

marker horizon in their stratigraphic work of eastern central Arizona.
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GENERAL DESCRIPTION AND GEOLOGY

Supai Formation

The Supai formation is a thick, red bed deposit consisting 

mainly of siltstone and shale with several horizons of limestone. The 

Supai formation was named in 1910 by Darton (1910) for the extensive 

red beds outcropping in the Grand Canyon. These red beds of the Supai 

formation cover approximately three-fourths of the northern part of the 

State of Arizona. At the type locality of the Supai formation at Havasu 

Canyon in the Grand Canyon, the Supai formation consists of a total of 

1,100 to 1,200 feet of sandstone and siltstone beds. The formation is 

conformably overlain by the Hermit shale of Permian age, and is under

lain unconformably by the Mississippian Red wall limestone.

South of the Grand Canyon, in the area of the Mogollon Rim

and the Ft. Apache Indian Reservation, the Supai formation consists of

close to 1,300 feet of red beds, interbedded with gypsum, claystone

and limestone (Winters, 1951). South of the Grand Canyon, the Hermit

shale pinches out, so that in the Mogollon Rim area, the Supai formation

is overlain by the Permian Coconino sandstone. Underlying the Supai

formation south of the Rim, is the Pennsylvanian Naco limestone.

Northward this is progressively replaced from the top down by the red
6



beds of the Supai formation, since no Naco limestone is found in ex

posures in the Grand Canyon. The Supai formation is primarily a 

deltaic and flood-plain deposit of Permo-Pennsylvanian age.

Winters (1951) has divided the Supai formation of eastern 

Arizona into four members. These members are, from the top down, 

the Corduroy facies, which is composed of alternating brownish mud

stones and siltstones with some gypsum; the Ft. Apache limestone; the 

Big "A" member of lithology similar to that of the Corduroy fades; and 

the Amos Wash member, consisting of reddish to brown, non-calcareous 

sandstones and siltstones.

Position of the Ft. Apache Limestone in 
the Supai Formation

The Ft. Apache limestone lies within the upper, or Permian, 

portion of the Supai formation, and is both underlain and overlain by the 

Supai red beds. The limestone often forms a prominent white cliff, 

with gentler slopes above and below cut on the softer Supai red shales 

and silts. On the Ft. Apache Indian Reservation, the Ft. Apache lime

stone is approximately 350 feet below the top of the Supai formation, 

while in exposures in the western part of the area, it is approximately 

550 feet beneath the top of the Supai formation. In the subsurface to 

the north, the limestone is about 1,000 to 1, 200 feet below the top of 

the Supai formation.

The Ft. Apache limestone is the most prominent limestone of

7
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the Supai formation, although there are several other calcareous hori

zons both above and below it.

Description of the Ft. Apache Limestone

The Ft. Apache limestone is one of the upper members of the 

Supai formation. The limestone attains its maximum thickness in the 

area of White River and Ft. Apache. In this area, and also at all other 

sections measured on the Ft. Apache Indian Reservation, the Ft. Apache 

limestone is a dark gray, hard, fossiliferous, cliff-forming limestone, 

and is characterized by a recess in the lower one-fourth of the rock 

unit. The recess is the result of weathering out of a lighter gray, cal

careous, non-fossiliferous siltstone. This characteristic recess is 

readily observable at all exposures of the Ft. Apache limestone, not 

only on the Reservation, but also as far west as Pine. This lower silty 

lithology of the Ft. Apache limestone represents the transition from 

the deltaic environment of the Big "A” member of the Supai formation 

to the marine environment of the Ft. Apache limestone.

Westward from the area of White River and Ft. Apache there 

is a general thinning of the Ft. Apache limestone. Near Pine the lime

stone has a thickness of only 39 feet. At Fossil Creek, which is six 

miles west of Pine, Jackson (1951) states that the Ft. Apache limestone 

is 38 feet thick. Barton (1925) was the first to recognize the "six foot 

limestone" in Oak Creek Canyon as the possible westward extension of
o
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his "upper lim e." Later, McKee and Jackson (1951) correlated this 

six foot limestone with the Ft. Apache limestone. Jackson (1951) fur

ther states that the Ft. Apache limestone pinches out west of Oak Creek 

Canyon, between Oak and Sycamore Canyons. However, since the six 

foot limestone at Oak Creek Canyon is unfossiliferous, the correlation 

has not definitely been proven, although petrographic and insoluble 

residue studies may support such a correlation.

A lithologic change occurs in the Ft. Apache limestone in the 

western part of the area studied. The hard, finely crystalline lime

stone of the Ft. Apache Indian Reservation area becomes an extremely 

silty limestone in the area west of the Reservation. Also, west of the 

Reservation, fossils are ra re  in the Ft. Apache limestone, with the ex

ception of the Rim Club section, where microfossils remains are found 

in thin sections. Lack of abundant fossils probably is due to an environ

mental change, which is evidenced by the change in lithology.

Other Limestone Horizons

Both above and below the Ft. Apache limestone are several 

other horizons of either limestone or very calcareous siltstone. These 

horizons seem to be fairly consistent, although the interval between 

some of them and the Ft. Apache limestone varies to the west.

In the Reservation area, approximately 25 feet above the Ft.

Apache limestone, is a 15 foot, hard, cliff-forming, fossiliferous
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limestone horizon. West of the Reservation, this ’’upper lime” (this is 

not the "upper lime” of Darton, 1925) thickens to approximately 50 feet 

and then becomes thinner as lithologically it changes to a slightly cal

careous siltstone. To the north, in the subsurface, this "upper lime" 

is approximately 100 feet above the Ft. Apache limestone and is p ri

marily a dolomite.

Since the "upper lime" is a persistent marker over a consider

able area both in the outcrop and in the subsurface, it has been named 

for the purpose of this report, the Rim Club limestone of the Corduroy 

member of the Supai formation, for exposures at the Rim Club section 

where it is well exposed and readily accessible. Detailed measured 

sections of the Rim Club limestone can be found in Appendix B.

Below the Ft. Apache limestone, in the Reservation area, at 

approximate intervals of 70 and 130 feet are two, 10 foot calcareous 

siltstone ledges. In the western part of the area studied, a light gray, 

calcareous siltstone horizon approximately 90 feet below the Ft. Apache 

limestone can be traced for many miles along the Rim wall. This ho

rizon is probably the same as the siltstone ledge 70 feet below the Ft. 

Apache limestone in the Reservation area. Figure 2 indicates these

correlations.



STRATIGRAPHY OF THE FT. APACHE LIMESTONE

Introduction

The following is a list of the measured sections used for this 

and their respective locations.

1. North Fork section 109° 55' 30" W. 
33° 53' 12" N.

2. East Fork section 109° 53' 00" W. 
33° 49' 25" N.

3. Cedar Creek section 110° 08' 30" W. 
33° 54' 54" N.

4. Cibecue section 110° 22' 00" W. 
33° 59' 30" N.

' 5. Rim Club section 110° 55' 30" W. 
34° 17' 12" N.

6. Winter's Ranch section NW SW SE Sec. 32 
T. 12 N., R. 12 E.

7. Washington Park section NW SE SW Sec. 11 
T. 12 N., R. 10 E.

8. Weber Creek section 118° 22' 53" W. 
34° 26’ 54" N.

9. Pine section C SE SW Sec. 26 
T. 12 N., R. 8 E.

11



North Fork Section

This section, located 3. 3 miles north of the town of White 

River, forms a steep vertical cliff along the east side of the North 

Fork of the White River. At this locality, the Ft. Apache limestone 

attains its maximum thickness of 127 feet. The upper 105 feet is a 

hard, dark gray, finely crystalline limestone that forms a steep verti

cal cliff, and is abundantly fossiliferous. Near the top, the limestone 

is slightly silty and is less fossiliferous. The upper portion has a 

blocky appearance, with bedding planes approximately one to two feet 

apart. In places, the limestone is covered with thin sheets of second

ary calcite. The top of the section is covered with weathered debris, 

soil and vegetation; therefore, the upper contact could not be determined 

precisely.

The lower 22 feet are composed mostly of non-fossiliferous, 

calcareous siltstone. This less resistant siltstone forms two recesses 

that are divided by a more resistant limestone and calcareous siltstone 

horizon.

The lower contact of the Ft. Apache limestone is fairly sharp 

and can be picked at the point where the yellow siltstone of the Ft. 

Apache limestone changes into the underlying red sandstone of the Big 

"A” member of the Supai formation.

Below the Ft. Apache limestone, separated by 133 feet of red
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siltstone and shale, is a ten foot, ledge-forming, unfossiliferous, hard, 

light gray limestone and siltstone horizon. At a distance estimated to 

be midway between this horizon and the Ft. Apache limestone, is 

another thin, light gray, calcareous horizon.

Twenty-five feet above the top of the Ft. Apache limestone, 

separated by red beds, is the Rim Club limestone, which at this locality 

is a 15 foot, hard, gray, fossiliferous, ledge-forming limestone.

East Fork Section

Seven and one-half miles east of Ft. Apache, is the eastern

most and southernmost outcrop of the Ft. Apache limestone. South and 

east of this area, lava flows unconformably overlie the Supai formation, 

and due to this cover or to removal by erosion, the Ft. Apache limestone 

is not present in outcrop.

The East Fork section is not complete due to erosion of ap

proximately 40 feet of the upper limestone, which is unconformably 

overlain by a Tertiary conglomerate. The upper contact is partially 

concealed by debris and vegetation.

The section that is present consists of 83 feet of limestone and 

marly, calcareous siltstone. The upper part of the section is composed 

of 61 feet of hard, dark gray, finely crystalline, fossiliferous limestone 

which emits a petroliferous odor when broken. Thin sections of the 

upper 61 feet show that the limestone is composed primarily of
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foraminfera and echinoid fragments.

The lower 22 feet comprise the characteristic less resistant 

recess. The recess is composed of two, approximately 2 foot recesses 

of non-fossiliferous, calcareous, light gray to yellowish siltstone which 

are divided by an unfossiliferous, resistant, light gray, calcareous 

siltstone. The lower contact is sharp. Conformably underlying the Ft. 

Apache limestone is a red, calcareous, resistant, cliff-forming sand

stone.

At this section, the Rim Club limestone is missing due to

erosion.

Cedar Creek Section

This section is located in unsurveyed territory, three miles 

north of Cedar Creek, Arizona. At this section, erosion has removed 

several feet of the upper limestone. Unconformably overlying the Ft. 

Apache limestone is the same Tertiary conglomerate as is found over- 

lying the East Fork section.. The upper contact is partly concealed.

At this locality, the Ft. Apache limestone is 108 feet thick 

and very similar to the two sections previously described. The upper 

95 feet is composed of hard, cliff-forming, fossiliferous, finely crystal

line limestone. Thin sections of this upper 95 feet are also similar to the 

thin sections already mentioned. There is almost no clastic material in 

the limestone, but instead, it is composed of abundant foraminifera and
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other fossil fragments.

The lower characteristic recess is comprised of 13 feet of 

marly, calcareous, non-fossiliferous siltstone and limestone, which is 

divided into two parts by a resistant silty limestone. The upper recess 

is light gray in color, but the lower recess is in part, highly colored, 

being maroon, purple and yellow. The lower recess is partially con

cealed by vegetation and talus slopes, but conformably underlying the 

Ft. Apache limestone is a red, calcareous sandstone.

Cibecue Section

This section, also located in unsurveyed territory, is located 

along the improved road to Cibecue, 3. 7 miles from U. S. Highway 60. 

Two separate sections of the Ft. Apache limestone can be seen along 

this road as it makes two complete cuts through the limestone.

In this area, the Ft. Apache limestone is 116 feet thick. The 

section is complete and resembles the North Fork section. The upper 

portion of the limestone is composed of 32 feet of non-fossiliferous, 

light gray, calcareous siltstone, underlain by 60 feet of hard, dark 

gray, fossiliferous, finely crystalline, cliff-forming limestone, which 

is almost nodular in appearance. This limestone emits a petroliferous 

odor on a fresh exposure. Thin sections of this limestone show that it 

is formed from abundant fossil fragments. The upper silty portion is 

the transition phase of the marine limestone back to the deltaic facies
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of the Corduroy facies of the Supai formation.

Beneath the 60 feet of limestone is the recess which charac

terizes the Ft. Apache limestone. Here the recess is somewhat dif

ferent from the three sections previously described, in that it has 

three resistant limestone ledges dividing the less resistant, non-fos- 

siliferous, calcareous siltstone horizons.

At intervals of 70 and 160 feet below the Ft. Apache limestone, 

separated by red beds of shale and siltstone, are two, 12 foot calcar

eous, marly, non-fossiliferous, ledge-forming siltstone beds.

At this section, the Rim Club limestone is separated from the 

underlying Ft. Apache limestone by 28 feet of red and yellow, calcar

eous siltstone. Here the Rim Club limestone is  15 feet thick, hard, 

fossiliferous, finely crystalline, ledge forming and contains large, 

disk-shaped concretions.

Rim Club Section

This section is located along the road between Pay son and 

Heber, 1. 5 miles south of the junction of the Woods Canyon Lake and 

Heber roads. The section is so named because the limestone is well 

exposed in the only road cut across the Mogollon Rim in this area. In

complete sections were observed between this section and the Cibecue 

area, but were not measured.

At the Rim Club section, there are two separate limestone units
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of almost equal thickness, separated by about 250 feet of red shale and 

siltstone. The road cut along which these two limestones crop out is 

relatively new. Due to this fact, the characteristic recess in the lower 

portion of the Ft. Apache limestone is not readily observable. Neither 

of the limestone beds carry macro-fossils. Based on lithologic rela- • 

tionship and by means of tracing the limestone eastward toward the 

type locality, the lower unit was deemed to be the extension of the Ft. 

Apache limestone in this area. This places the Ft. Apache limestone 

550 feet below the top of the Supai formation at this section, as com

pared with 350 feet below the top of the Supai formation on the Reser

vation.

Here the total thickness of the Ft. Apache limestone is 46 feet 

as compared with 127 feet at the North Fork section. The section is a 

cliff-forming, dark gray, hard, fossiliferous, finely crystalline lime

stone, with some beds of siltstone. In the lower 14 feet are several 

horizons of light gray, marly, calcareous siltstone that correspond to 

the lower recess of the sections measured on the Ft. Apache Indian 

Reservation. The upper and lower contacts are partly covered by 

debris and their relationships are not too well determinable.

Thin sections of the Ft. Apache limestone at this locality in

dicate abundant micro-fossils similar to the ones found in sections to 

the east. However, in addition to the micro-fossils, there is a marked 

increase of clastic material, composed primarily of angular to sub-
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angular quartz grains, which are less than one-sixteenth millimeter in 

diameter. The clastic material comprises about 5 to 10 percent of the 

rock, with the remainder composed of calcite.

The Rim Club limestone at this locality is composed of 51 feet 

of limestone and marly, calcareous siltstones. The siltstone units are 

located at the base of the section and near the top. The limestone por

tion of the section is dark gray, hard and finely crystalline. The Rim 

Club limestone has its maximum thickness in this section, as it thins 

both to the east and to the west. At this section, the Rim Club lime

stone is approximately 250 feet above the Ft. Apache limestone.

The Rim Club section is interpreted as being a transition zone 

of the Ft. Apache limestone. West of this area, the Ft. Apache is a 

silty, marly, non-fossiliferous limestone. East of it, it is a hard, 

fossiliferous, finely crystalline limestone. Evidence of this being a 

transition zone can be seen at the Rim Club section outcrop, where 

several thin fingers of marly, calcareous siltstone alternate with thin 

fingers of dark gray limestone. These fingers average about one-fourth 

to one-half inch in thickness. This transition would cause a decrease 

in permeability, and might form stratigraphic traps for hydrocarbons 

and other gases or fluids.
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Winter’s Ranch Section

This section is located just north of Winter's Ranch, also 

known as the Zane Gray Lodge, in the area of NW SW SE Sec. 32, T.

12 N., R. 12 E ., or 3. 7 miles north of Kohls Ranch, Arizona. Here 

the Ft. Apache limestone outcrops along the Mogollon Rim and can be 

traced laterally for many miles as a white cliff in the Rim.

The total thickness of the limestone at this section is 66 feet. 

This is somewhat thicker than the Rim Club section, but still shows an 

overall thinning as compared with the sections on the Ft. Apache Indian 

Reservation.

The upper portion of the Ft. Apache limestone is composed of 

53 feet of light gray, massive, somewhat silty, marly, non-fossiliferous 

limestone. This section shows a definite overall change of lithology as 

compared with sections to the east. The limestone has lost its dark 

gray color and petroliferous odor. It does not have the finely crystal

line texture, but is a marly or silty limestone. Fossils are completely 

lacking. This is probably the result of the increase of clastic material 

which probably changed the living environment.

The lower recess is formed by 12 feet of light gray, less re 

sistant, marly, calcareous, non-fossiliferous siltstone. Dividing the 

recess into two parts is a more resistant calcareous siltstone horizon.

Approximately 75 feet below the Ft. Apache limestone, a white



"lime" horizon, estimated to be ten feet thick, can be observed, but 

was not accessible for examination.

The Rim Club limestone is also observable in this area, but 

was not accessible for measurement. It is estimated to be 30 to 40 

feet thick and about 100 to 150 feet above the Ft. Apache limestone.

Washington Park Section

This section is found near the area on the topographic map 

designated as Washington Park, and is located in the area of NW SE SW 

Sec. 11, T. 12 N*, R. 10 E. At this point, the Ft. Apache limestone 

is 36 feet thick, and forms a prominent white cliff. The upper 28 feet 

of the section is a light gray, silty, non-fossiliferous, cliff-forming 

limestone, with the upper few feet forming a rounded slope. This upper 

rounded slope is somewhat more silty than the limestone directly be

neath it. The upper contact is partially concealed by vegetation.

The lower eight feet comprise the lower recess of the lime

stone. Here it is composed of light gray, less resistant, calcareous, 

non-fossiliferous siltstone. The lower contact is well exposed and 

shows a sharp break from the underlying reddish, calcareous sandstone 

beds of the Big "A" member of the Supai formation.

The "lime” horizon normally occurring approximately 80 feet 

below the Ft. Apache limestone was not observed at this locality due to 

being covered by debris.
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Above the Ft. Apache limestone, and separated by 63 feet of 

red beds, is the Rim Club limestone. Here it has thinned to only 30 

feet and is composed primarily of marly, calcareous siltstone beds 

with some limestone.

In this area, the Ft. Apache limestone is approximately 550 

feet below the top of the Supai formation. This, together with its posi

tion at the Rim Club section, indicates that the Ft. Apache limestone 

becomes lower in the Supai formation in a westward direction.

Weber Creek Section

Exposures of the Ft. Apache limestone occur on both sides of 

Weber Creek Canyon approximately one mile north of Camp Geronimo. 

At this section, the Ft. Apache limestone has a total thickness of 39 

feet. The upper 27 feet of the limestone has much more clastic mate

ria l in it than sections to the east, and is actually a light gray, marly, 

non-fossiliferous, calcareous siltstone. Thin sections of this portion 

reveal that the rock is composed of approximately 50 percent angular 

to sub-angular quartz grains with diameters of less than one-sixteenth 

millimeter. Calcite comprises the remainder of the rock.

Below the 27 feet of resistant, calcareous siltstone is the 

characteristic recess of 12 feet of light gray, calcareous, less re 

sistant siltstone. The lower contact is a gradation from the underlying 

red, calcareous siltstone to the grayish, calcareous siltstone of the Ft.
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Apache limestone. The upper contact is partially concealed, but red 

beds of the Corduroy facies conformably overlie the Ft. Apache lime

stone. L
I

Ninety-one feet of red beds and timber-covered slopes sepa

rates the Rim Club limestone from the Ft. Apache limestone. Here 

the Rim Club limestone is a 19 foot thick, light gray to white, marly 

siltstone bed. The upper half of the horizon is slightly calcareous and 

the lower half is non-calcareous.

Pine Section

Approximately one and one-half miles west-northwest of Pine, 

in the area of C SE SW Sec. 26, T. 12 N., R. 8 E ., the Ft. Apache 

limestone outcrops as a prominent ledge on Strawberry Mountain. The 

highway between Pine and Strawberry cuts across the limestone, but 

along the highway it is not well exposed.

In this area, the Ft.. Apache limestone is somewhat more 

crystalline than in the sections measured west of the Rim Club section, 

although it is still quite silty. It is composed of 39 feet of marly, light 

gray, silty, non-fossiliferous limestone. The lower ten feet comprise 

the characteristic less resistant recess.

Thin sections of the upper 29 feet of the limestone contain ap

proximately 15 percent of very fine-grained angular to sub-angular 

quartz grains. The remainder of the rock is calcite. This low
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percentage of clastic material is a decrease as compared to the Weber 

Creek section, ten miles to the east.

In this area, the top of the Supai formation has been eroded 

and is overlain by lava flows. This makes it impossible to determine 

the interval from the top of the Supai formation to the top of the Ft. 

Apache limestone.

Below the Ft. Apache limestone, separated by 88 feet of red 

beds, is a six foot, calcareous, light gray to white, siltstone horizon. 

This is the same horizon found in sections west of the Rim Club sec

tion. This horizon can be traced for many miles along the Rim wall 

at a fairly constant interval below the Ft. Apache limestone. This is 

probably the equivalent of the silty horizon observed approximately 75 

feet below the Ft. Apache limestone on the Ft. Apache Indian Reserva

tion.

The Rim Club limestone is observable in this area, but is not 

accessible for measurement. It is estimated to be 20 to 30 feet thick, 

and as occurring about 100 feet above the Ft. Apache limestone.

The Pine section is the western limit of this study, although 

as stated before, there is an outcrop of the Ft. Apache limestone in 

Fossil Creek, approximately six miles to the west.
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Subsurface

Subsurface examination was confined to the general area 

around Holbrook, as shown in Figure 1. Subsurface data were derived 

from samples and records of 16 oil and gas exploratory wells in the 

area. These wells and their locations are listed in Appendix A.

As compared with exposures along the Mogollon Rim, the Ft. 

Apache limestone occurs further beneath the top of the Supai formation 

as it extends northward into the subsurface. Generally, in the subsur

face, the limestone is found 1,000 to 1,200 feet below the top of the 

Supai formation. Above the Ft. Apache limestone in the Holbrook area 

are several hundred feet of evaporites, primarily halite and anhydrite. 

These extensive evaporites are not found in the upper Supai formation 

in surface exposures along the Mogollon Rim, nor is there evidence of 

the evaporites having once been there and removed by later solution. 

This additional deposition of evaporites in the Holbrook area is probably 

the reason for encountering the Ft. Apache limestone at a greater in

terval below the top of the Supai formation.

In most of the wells, the Ft. Apache limestone is a hard, 

some times porous dolomite or a mixture of limestone and dolomite.

The record of one well indicated the penetration of 17 feet of tight silt- 

stone in the Ft. Apache limestone. Examination of well samples also 

indicates silt'stone in the lower portion of the Ft. Apache limestone,
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although this is not true in all of the wells studied. There seems to be 

some evidence though, that the characteristic lower siltstone "recess" 

horizon of the Ft. Apache limestone persists in the subsurface.

Subsurface data is lacking north and west of the Rim Club sec

tion, so that the character of the western silty facies of the Ft. Apache 

limestone in the subsurface is not known.

The Rim Club limestone is found in the subsurface sections 

and occurs approximately 100 feet above the Ft. Apache limestone. It 

is fairly consistent throughout the subsurface and is primarily a dolo

mite or a dqlomitic siltstone.

Sample logs indicate that there are several other limestone 

and dolomite horizons or lenses above the Ft. Apache limestone and 

interbedded with the evaporites of the upper part of the Supai forma

tion. For the most part, these horizons are inconsistent and all are 

thinner than the Ft. Apache limestone.

Figure 4 is an isopach map of the Ft. Apache limestone using 

both surface and subsurface information. It is assumed that the six 

foot limestone horizon in Oak Creek Canyon near Sedona, is the Ft. 

Apache limestone.

The map indicates a thinning of the limestone to the west and 

to the north. The thickest portion of the Ft. Apache limestone is found 

at the surface exposure in the White River area.



STRUCTURE OF THE FT. APACHE LIMESTONE

Generally, on a regional scale, the east central part of 

Arizona has a basin-type structure that accumulated sediments through

out much of the Paleozoic era. One of the areas of maximum accumu

lation of Permian rocks, in northeastern Arizona, was the area in the 

vicinity of Holbrook.

The cross sections AA' and BB' of Figure 3 indicate that the 

Ft. Apache limestone agrees with the regional basin-type structure as 

it extends northward from the Mogollon Rim. From its highest eleva

tion, at exposures along the Rim, the limestone dips into the subsurface 

and has its maximum depth of 3, 725 feet above sea level just southwest 

of Holbrook in Township 16 North, Range 20 East. A few miles south 

of this area, the Ft. Apache limestone is arched into an anticline. Al

though there are several minor anticlines in this area, only one is in

dicated by section AA'.

The northernmost well in the area (T. 21 N ., R. 28 E .) found 

the Ft. Apache limestone at an elevation of 4, 940 feet above sea level. 

This indicates that the Ft. Apache limestone is rising out of the basin 

in this locality. Southwest of this well is the Pinta dome structure, 

from which several wells have produced helium.
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The east-west cross section BB% of Figure 3, also shows the 

general basin-type structure. From the easternmost well near the New 

Mexico border (T. 9 N., R. 31 E .)? the Ft. Apache limestone dips to 

the center of the basin southwest of Holbrook, and then rises to the 

west to its maximum elevation near Pine.
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LIMESTONE CLASSIFICATION

Thin sections from six exposures of the Ft. Apache limestone 

were made to determine lithologic types, textural relationships, min

eral content and other properties of the rock. All of the thin sections 

were made from samples taken from the upper portion of the Ft. Apache 

limestone and none were taken from the lower recess. The following 

tabulation indicates the location from which the thin sections were 

taken and the respective mineral percentage.

Location Allochems
Micro

crystalline
ooze

Sparry
cement

Quartz
Recrystal

lized
fragments

North
Fork
section

50-60 30-35 5-10 1 0

Cedar
Creek
section

30 65 5 1 0

Cibecue
section

40-45 45-50 10-15 1 0

Rim Club 
section

50 30 15 5 0

Weber
Creek
section

0 40-50 0 50-60 0

Pine
section

0-5 15-20 15-20 15-20 50
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The East Fork section. Cedar Creek section, Cibecue section, 

and Rim Club section are all classified as biomicrites (nb:La), (Folk, 

1959). The Pine section which contains much sparry cement and older 

re-crystallized limestone fragments is termed a calclithite. The high

ly silty section taken from the Weber Creek area is classified as a cal

careous siltstone. Grain size of the allochems, which are primarily 

foraminifera and^fossil fragments, averaged 1/2 millimeter in diam

eter. This is indicative of a medium calcar enite.

The four sections that were classified as biomicrites all con

tain considerable amounts of allochems and microcrystalline ooze. In 

these sections, the allochems were predominantly fossil fragments. 

According to Folk (1959), rocks of this type were deposited in a calm 

sea without strong or persistent currents to winnow away the micro

crystalline ooze.

The Pine section contains very few allochems, but does re 

veal fragments of older limestone that have undergone recrystalliza

tion. Also, the rock contains about equal amounts of sparry cement, 

microcrystalline ooze, and very fine quartz grains.

The Weber Creek section contained at least 50 percent of very 

fine quartz grains and about an equal amount of microcrystalline ooze.

Samples and thin-section analysis would indicate that the 

Indian Reservation area was covered by a quiet, calm sea, rich in life. 

The area to the west had a somewhat similar environment, although



there was more clastic material being brought into the area, which in

cluded fragments of an older limestone. Also in this area, there was 

either less life, or poor conditions of preservation.
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PALEONTOLOGY AND CORRELATION

Evidence of abundant life in the Ft. Apache sea can be seen at 

all exposures of the limestone on the Ft. Apache Indian Reservation. 

Clams, gastropods, brachiopods, and echinoid fragments are plentiful. 

Thin sections show the presence of abundant foraminifera. However, 

west of the Reservation, fossil remains are sparse, either because of 

poor preservation or because the environment was a poor place for 

life. Macro-fossils were not found west of the Rim Club section, and 

at the Rim Club section, only foraminifera and tiny fragments were 

seen by means of thin section.

The lower part of the Ft. Apache limestone, described in this 

paper as the lower recess, is non-fossiliferous, and the silty portion 

near the top of the limestone carries few fossils.

Barton (1925) was the first to state that the limestone near the 

top of the Supai formation contained fossils of the Manzano (Chupadera) 

type. The Manzano fauna was described by Girty (1909). These fossils 

had been collected from the Manzano group in New Mexico by Lee (1909), 

who divided the Manzano group into the Abo limestone, Yeso formation, 

and the San Andres limestone. Later the term Manzano group was re 

stricted to the Abo limestone. The Yeso formation and San Andres
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limestone, together with the Glorieta sandstone, were placed in the 

Chupadera group. Today the Abo limestone is considered Wolfcampian 

in age, the Yeso formation and Glorieta sandstone Leonard!an in age, 

and the San Andres limestone Guadalupian in age (Dunbar, 1960).

Darton (1925), Stoyanow (1936), and Jackson (1951) have 

published faunal suites from the Ft. Apache limestone. The suite of 

fossils collected and identified by Stoyanow and stored at the University 

of Arizona were re-examined during the course of this investigation. 

Using this information, together with the lists of published fauna, it 

was found that many of the fossils found in the Ft. Apache limestone 

are also found in the Permian section in West Texas and New Mexico. 

However, for the most part, these fossils were not confined to a re 

stricted age of the Permian. For example, Composita subtilita is 

found both in Pennsylvanian rocks and in the Permian Wolfcamp and 

Leonard series. Meekella mexicana (Girty), Plagioglypta cana (White), 

and Bellerphon majusculus (Walcott), which are found in the Ft. Apache 

limestone are also found in Wolfcampian, Leonardian, and Guadalupian 

strata in West Texas. Common only to the Leonard series and to the 

Ft. Apache limestone is Meekella difficilis:

In southeastern Arizona, a thick sequence of Permian rocks 

has recently been studied (Bryant, 1955; Gilluly, 1954). A study of the 

fauna suites of the Permian of southeastern Arizona indicates that the 

Colin a limestone may correlate with the FL Apache limestone;
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although, fossils of the Ft. Apache limestone are also similar to those 

found in the underlying Earp formation of Permo-Pennsylvanian age, 

and Horquilla sandstone of Pennsylvanian age. Dunbar (1960) also has 

made this correlation.

A comparison of the Ft. Apache limestone and the Colin a lime

stone indicate that the following fossils are common to both; Echinocrinus 

Gratis, Orthonema sp ., Plagioglypta sp ., Chonetes sp ., Meekella sp ., 

and Naticopsis. Also, abundant sponge spicules and echinoid fragments 

are found in both limestones. Other evidence of the possible equivalence 

of these two limestone horizons is the similarity of lithology. The 

Colina limestone is hard, blocky, dark gray to black, and very fossil- 

iferous. This is quite similar to the Ft. Apache limestone as found on 

the Ft. Apache Indian Reservation.

The fossils of the Ft. Apache limestone seem to have a definite 

affinity to the fauna of the Wolfcampian and Leonard!an series. Due to 

the absence of the typical upper Leonardian fossil, Dictyoclostus bassi, 

in the Ft. Apache limestone, the limestone might be best classed as of 

Wolfcampian and lower Leonardian age. Fussulinids were observed in 

the thin sections of the Ft. Apache limestone, but none were identified 

because of their poor preservation. Further work on the fussulinids of 

the Ft. Apache limestone should determine more precisely the age of 

the limestone, since both the Wolf camp and Leonard series have char

acteristic fussulinids. Study of the micro-fossils also would aid in the



correlation of the Ft. Apache limestone and the Colina limestone.



ECONOMICS

The Ft. Apache limestone is a potential reservoir of oil and 

gas. At every exposure examined on the Ft. Apache Indian Reserva

tion, the limestone emitted a petroliferous odor when broken. This 

petroliferous character extends westward to the Rim Club section.

Also, many oil and gas exploratory wells in the Holbrook area have 

reported oil shows from the Ft. Apache limestone. To date, there has 

been no production from the limestone, but with further exploration and 

improved treatment of tight limestones and dolomites, the Ft. Apache 

limestone could prove to be a producing zone. One problem is that the 

limestone is overlain and underlain by thick sequences of red beds. Its 

oil potentiality is therefore limited to the hydrocarbons that it can gen

erate within itself.

There have also been reports from the Holbrook area of shows 

of helium from the Ft. Apache limestone.

Other uses of the Ft. Apache limestone could be road building 

material. There are several exposures of the limestone that are quite 

accessible, although in this area, abundant and accessible volcanic 

cinders have proven to be the primary road building material.
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CONCLUSIONS

At most exposures on the Ft. Apache Indian Reservation, the 

Ft. Apache limestone has a thickness in excess of 100 feet and reaches 

a maximum of 126 feet. The Ft. Apache limestone, in this area, is a 

hard, dark gray, finely crystalline, abundantly fossiliferous limestone 

that emits a petroliferous odor on a fresh exposure. According to 

Folk7s (1959) classification, the limestone is a biomicrite. The lime

stone is characterized by a recess of less resistant siltstone in the 

lower portion of the section.

The limestone is conformably underlain by the red, calcareous 

sandstone $f the Big "A" member of the Supai formation. At most lo

calities on the Reservation, the limestone is conformably overlain by 

red, calcareous siltstones of the Corduroy facies of the Supai forma

tion, but in some instances, the limestone is unconformably overlain 

by a Tertiary conglomerate. Generally, in this area, the Ft. Apache 

limestone is 350 feet below the top of the Supai formation.

A thin bed of limestone, termed, in this paper, the Rim Club 

limestone, is found approximately 25 feet above the Ft. Apache lime

stone throughout the Reservation.

West of the Reservation, the Ft. Apache limestone undergoes
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thinning and a facies change. The limestone thins to 39 feet near Pine, 

and is extremely silty, light gray, non-fossiliferous, and has lost its 

petroliferous odor. However, the characteristic recess of less re 

sistant siltstone is persistent. Generally, in this western area, the 

limestone is 550 feet below the top of the Supai formation. This indi

cates that the limestone becomes lower in the Supai formation as it 

extends westward.

The Rim Club limestone is also found in this western area and 

is approximately 80 feet above the Ft. Apache limestone.

North of the surface exposures, the Ft. Apache limestone is 

found in the subsurface at approximately 1,000 to 1, 200 feet below the 

top of the Supai formation. Here the Ft. Apache is either a dolomite 

or a mixture of dolomite and limestone, and thins to the north and north 

west. The limestone is encountered at its maximum depth in the sub

surface a few miles southwest of Holbrook. The Rim Club limestone 

occurs about 100 feet above the Ft. Apache limestone throughout the 

subsurface area.

Fauna studies of the Ft. Apache limestone indicate that it is 

Wolfcampian and lower Leonardian in age and probably correlates with 

the Colina limestone of southern Arizona.



APPENDIX A 
WELL LOCATIONS

Location
Operator Well (Sec., T ., R .)

Mae Belcher 1 State SW NE 20 9N. 3IE.

Pan American 1 N. Mex. & Ariz. 
Land "B"

SW NE 25 12N. 23E.

Pan American 1 N. Mex. & Ariz. 
Land "A”

C SE SE 12 13N. 25E.

Franco American 
Oil Co.

Government SE NE 14 14N. 26E.

Lydia Johnson 1 Aztec SW NE NE 33 14N. 20E.

Lion Oil Co. Cabin Wash SW NE 30 14N. 14E.

Ango Oil Co. State 1 22 15N. 29E.

Hopi Oil Co. Holbrook Field 1 NW NE 21 15N. 19E.

Union-C ontinental 1 34 15N. 19E.

Pan American 1 Aztec Land & 
Cattle "A"

SE NE 5 16N. 20E.

Pan American 1 Aztec Land & 
Cattle "B”

SW NE 9 16N. 18E.

Great Basin 
Oil Co.

Follor 1 NW NW NW 21 17N. 20E.

Besoil 1 Hunt NE NE 31 18N. 20E.

Eastern Petroleum 3 Sante Fe C NE SW 9 19N. 27E.
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Operator

Kerr-McKee

J. G. Brown & 
Associates

39

Location
Well (Sec., T ., R .)

State 1 SW SW 34 20N. 26E.

2 Chambers-Sanders NE NW SE 27 21N. 28E.



APPENDIX B
DETAILED MEASURED SECTIONS

NORTH FORK SECTION 
109° 55r 30” W 
33° 53' 12”  N

Unit Thickness
No. Description in feet

17 Limestone, hard, gray, massive, forms ledge. 2

16 Concealed. 1

15 Siltstone, hard, calcareous, massive, light gray, 5
solution pitted, contact concealed.

Total exposed Rim Club limestone 8

14 Red beds, interval between Rim Club limestone 25
and Ft. Apache limestone.

13 Limestone, hard, gray, weathers yellowish-buff, 105
beds 10" to 12" thick, petroliferous odor when 
broken, very fossiliferous, calcite crystals in 
vugs, forms vertical cliff, top portion slightly 
silty.

12 Siltstone, firmly cemented but soft, harder near 4
top, very calcareous, massive, forms recess, 
bottom partially concealed.

11 Limestone, light gray, weathers yellowish-buff, 1
blocky, silty near top.
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Unit
No.

10

9

8

7

6

5

4

3

2

Description

Siltstone, yellowish-gray, very thin bedded 
(1/2” to 1/4”), calcareous, forms ledge with 
bed below.

Limestone, yellowish-gray, weathers darker 
gray, massive but in places weathers into thin 
sheets, hard, forms prominent ledge, covered 
in places with sheets of massive calcite.

Siltstone, light yellowish, soft, calcareous, 
massive, top 5” very thin bedded.

Siltstone, reddish near bottom but changes 
into a yellowish red higher up, massive, top 4” 
very thin bedded, forms local ledge but is recess 
to overall section, bottom contact good.

Total Ft. Apache limestone

Red beds, interval between Ft. Apache and lower 
”lime” section.

Limestone, light gray, massive, hard, somewhat 
silty, solution pitted, forms ledge.

Siltstone, light gray, calcareous, flaky, forms 
recess.

Siltstone, light gray, hard, massive, calcareous, 
bottom 3” soft and thin bedded, forms recess.

Limestone, yellowish to gray, hard, massive, 
slightly silty near top, slight petroliferous odor 
when broken, forms ledge.

Thickness 
in feet

2

5

3

6

126

133

3

1

2

3



Unit
No.

1

Description

Siltstone, light yellowish gray, firmly cemented 
but soft, thin bedded, calcareous, top 5” massive 
and ledge forming, forms recess.

Thickness 
in feet

3
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EAST FORK SECTION 
109° 53* W 

33° 49* 25" N

43

Tertiary conglomerate above

Unit Thicknes
No. Description in feet

10 Limestone, yellowish gray, weathers darker, 61
very fossiliferous, forms vertical cliff, emits 
petroliferous odor when broken, beds 1 to 2 feet 
thick, top has been eroded.

9 Siltstone, yellowish, firmly cemented, calcareous, 1
forms recess, massive.

8 Siltstone, buff to yellowish, calcareous, forms recess. 1

7 Siltstone, gray, massive, firmly cemented, calcareous, 1
forms recess.

6 Limestone, massive, hard, light gray, forms ledge. 1

5 Limestone, yellowish, silty, thin bedded, firmly 1
cemented.

4 Limestone, yellowish, weathers darker, massive, 5
hard, forms ledge and vertical face.

3 Siltstone, reddish, fine, massive, firmly cemented, 10
forms ledge.

2 Limestone, light gray, hard, forms ledge. 1

1 Siltstone, reddish, weathers light grayish red, 1
firmly cemented, calcareous, top 2" is yellowish, 
forms recess.

Red, firmly cemented, calcareous sandstone 
below—good contact.

Total Ft. Apache limestone 83



CEDAR CREEK SECTION 
110° 8* 30" W 
33° 54' 54" N
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Tertiary conglomerate above

Unit Thickness
No. Description in feet

7 Limestone, hard, light gray with some partially 34
purplish, blocky, slightly silty, fossiliferous, 
does not have petroliferous odor, forms rounded 
slope.

6 Limestone, gray, hard, weathers slightly 61
yellowish, beds 8 to 12 inches thick, fossiliferous, 
forms vertical cliff.

5 Siltstone, yellowish, calcareous, massive, forms 2
recess, very thin horizon of silty limestone near 
top.

4 Siltstone, purplish gray near bottom and yellowish 2
gray near top, stained red on exposure, calcareous, 
massive, forms recess.

3 Limestone, light gray, stained purplish red on ex- 2
posure, hard, silty, very thin bedded, almost flaky, 
forms ledge.

2 Limestone, light gray, stained purplish on weathered 5
exposure, silty, fossiliferous, massive, petroliferous 
odor emitted when broken, forms ledge.

1 Siltstone, mostly concealed, probably about 2 feet. 2

Red beds (sandstone) below.

Total Ft. Apache limestone 108
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CDBECUE SECTION 
110° 2 2 * 00” W 
33° 59' 30” N

Top contact eroded

Unit Thickness
No. Description in feet

28 Limestone, hard, gray, weathers brownish, 6
slightly silty, solution pitted, petroliferous 
odor emitted when broken, forms ledge.

27 Limestone, gray, weathers dark brown, silty, 2
thin bedded (1 / 4 ” to 1/2"), forms ledge.

26 Limestone, light gray, hard, weathers brown- 1
ish, silty, massive, forms ledge.

25 Siltstone, purplish yellow, calcareous, very thin 1
bedded, forms recess.

24 Limestone, dark gray to purplish, hard, massive, 3
solution pitted, fossiliferous, emits petroliferous 
odor when broken, contains several large concre
tions, forms ledge.

23 Limestone, grayish brown, hard, very silty, 1
weathers with some purplish streaks, massive, 
forms ledge.

Total Rim Club limestone 14

22 Siltstone, red and yellow, calcareous, interval 28
between Rim Club limestone and Ft. Apache 
limestone.

21 Siltstone, yellow, not firmly cemented, partly 11
purplish red, slightly calcareous, mostly con
cealed.

20 Siltstone, yellowish to reddish, massive, weathers 6
rounded, calcareous, forms ledge.
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19 Siltstone, yellowish gray, fine, thin bedded 15
(1/4" to 1/2"), calcareous, partially concealed.

18 Limestone, gray, weathers brownish gray, hard, 60

Unit Thickness
No Description in feet

blocky, almost nodular, beds 6" to 8" thick, very 
fossiliferous, emits petroliferous odor when 
broken, forms vertical cliff.

17 Siltstone, yellowish, streaks of reddish, forms 2
recess, calcareous, mostly concealed.'

16 Limestone, light gray, weathers reddish brown, 8
hard, seems to weather into thin blocks, silty in 
places, slight petroliferous odor when broken, 
forms ledge.

15 Siltstone, light gray, firmly cemented but soft, 1
fine, thin bedded, forms recess.

14 Limestone, light gray, hard, blocky, silty— 2
especially near top—forms ledge.

13 Siltstone, light gray, soft, calcareous, forms 2
recess.

12 Siltstone, light gray, cement firm but soft, beds 3
about 6" thick, harder and more calcareous near 
top, forms blocky ledge.

11 Limestone, light gray, hard, massive, petroliferous 1
odor emitted when broken, forms ledge.

10 Siltstone, yellowish-buff, massive, soft, cal- 4
car ecus, forms recess.

9 Siltstone, reddish, soft, massive, calcareous, 1
forms recess.

Total Ft. Apache limestone 116
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Unit
No. Description

8 Red beds, interval between Ft. Apache lime
stone and first lower "lime" ledge.

7 Siltstone, brownish, very thin bedded, highly 
calcareous, forms ledge.

6 Limestone, gray, very thin bedded, silty, forms 
ledge.

5 Siltstone, gray, massive, slightly calcareous, 
forms ledge.

Total first lower "lime"

4 Red beds, interval between first and second lower 
"lime" ledges below Ft. Apache limestone.

3 Siltstone, brownish red, light gray on fresh ex
posure, massive, calcareous, forms ledge.

2 Siltstone, calcareous, thin bedded with streaks 
of dark shale, forms recess.

1 Siltstone, same as no. 3.

Gray shale below.

Total second lower "lime"

Thickness 
in feet

68

7

2

3

12

80

2

1

10

13
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RIM CLUB SECTION
110° 55* 30" W
34° 17' 12?' N

Unit Thickness
No. Description in feet

32 Limestone, dark gray, stained red, hard, has- 5
sive, emits petroliferous odor when broken, 
forms ledge.

31 Siltstone, gray, stained red, soft, thin bedded, 2
calcareous.

30 Siltstone, yellow to buff, soft, massive, partially 6
stained red, partially concealed, calcareous, 
forms ledge.

29 Siltstone, light gray, stained red, massive, soft, 5
calcareous, forms ledge.

28 Silty clay, reddish yellow, top part gray, soft, 1
forms recess.

27 Limestone, gray, blocky, beds 6" to 8" thick, 6
slight petroliferous odor when broken, very thin 
bedded zone near top.

26 Limestone, gray, blocky, slight petroliferous 2
odor when broken, slightly thin bedded zone 
near top.

25 Limestone, gray, blocky, streaks of calcite 1
crystals 1/2” wide, emits petroliferous odor 
when broken.

24 Limestone, similar to no. 27. 1

23 Limestone, gray, blocky, occasionally purplish. 1

22 Concealed. 2
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Unit
No. Description

21 Limestone, gray, appears blocky but breaks into 
thin sheets about l /4 M thick, slight petroliferous 
odor when broken.

20 Limestone, light gray, silty, includes streaks of 
calcite crystals.

19 Limestone, similar to no. 27.

18 Siltstone, cream colored, stained red, very cal
careous, shaly near top.

17 Silt, yellowish to buff, unconsolidated, soft, stained 
red, calcareous.

16 Siltstone, light gray, hard, calcareous, forms ledge.

15 Concealed.

14 Silt, light gray, firmly cemented, forms ledge.

Total Rim Club limestone

13 Red beds, interval between Rim Club limestone 
and Ft. Apache limestone.

12 Limestone, gray, weathers brownish gray, emits 
petroliferous odor when broken.

11 Concealed, seems to be same as above.

10 Limestone, gray, stained red, hard, massive,
forms ledge.

9 Concealed.

8 Limestone, gray, stained partially red, hard,
massive, forms vertical face.

2

1

2

2

3

3

6

2

51

245

3

2

4

4

Thickness
in feet

7
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7 Limestone, gray, stained red, somewhat thin 5
bedded, forms recess.

6 Limestone, gray, stained red, massive, hard, 8
forms ledge.

5 Limestone, gray, stained red, hard, thin fingers 2
of siltstone alternating with thin fingers of lime

Unit Thickness
No. Description in feet

stone, emits petroliferous odor when broken, forms
ledge.

4 Concealed. 1

3 Limestone, light gray, stained red, hard, massive, 2
slight petroliferous odor when broken.

2 Silt, yellow, unconsolidated, soft, mostly covered, 4
estimated thickness.

1 Siltstone, gray, soft, fine, calcareous. 2

Total Ft, Apache limestone 46
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WINTER'S RANCH SECTION
T. 12 N., R. 12 E.
NW SW SE Sec. 32

Unit Thickness
No. Description in feet

6 Limestone, light gray to white, darker in places, 53
silty, massive, hard, solution pitted, calcite 
crystals in pits, forms vertical cliff, non-fossil- 
iferous.

5 Siltstone, yellowish buff, slightly calcareous, 1
massive, forms recess, transition into bed 
below.

4 Siltstone, yellowish buff, yellowish orange near 2
bottom, calcareous, massive, forms ledge.

3 Limestone, light gray, finely crystalline, solu- 1
tion pitted, silty near top, forms ledge.

2 Siltstone, light gray, massive, calcareous, forms 5
ledge, top 1/2 foot is thin bedded.

1 Siltstone, yellowish buff, lighter gray near bottom, 4
massive, slightly calcareous, partially concealed.

Red, calcareous siltstone below. 

Total Ft. Apache limestone 66
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WASHINGTON PARK SECTION
T. 12 N., R. 10 E.
NW SE SW Sec. 11

Unit
No. Description

16 Limestone, light whitish gray, hard, silty, 
blocky, mostly concealed.

15 Limestone, weathers gray, brownish on fresh 
exposure, forms ledge, silty.

14 Concealed.

13 Siltstone, light gray to white, calcareous, mas
sive, hard, forms ledge.

12 Siltstone, light gray, calcareous, soft, thin 
bedded, partially concealed, forms recessed 
slope.

11 Siltstone, light gray to white, massive, calcareous,
hard, forms ledge.

10 Concealed.

Total Rim Club limestone

9 Red beds, interval between Rim Club limestone 
and Ft. Apache limestone.

8 Siltstone, light gray to white, solution pitted, some 
pits contain calcite crystals, calcareous, partially 
concealed, forms slope.

7 Limestone, hard, light gray to white, silty, solution 
pitted, weathers darker gray in places, forms 
vertical cliff.

Thickness 
in feet

5 

2

6 

6

6

3

3

31

63

16

12
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6 Siltstone, light gray, calcareous, firmly 2
cemented but soft, forms recess.

5 Siltstone, brownish gray, calcareous, firmly 1
cemented but soft, forms ledge.

4 Siltstone, brownish gray, calcareous, firmly 1
cemented but soft, continuation of bed above 
but forms recess.

3 Limestone, light gray, hard, changes laterally 1
in places to brownish color, 1" of red, firm 
sandstone near top, forms ledge.

2 Concealed. 1

1 Silty clay, light gray, calcareous, soft, brownish 2
near top.

Total Ft. Apache limestone 36

Unit Thickness
No. Description in feet



Unit
No.

12

11

10

9

8

7

6

5

4

3

2
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WEBER CREEK SECTION 
118° 22' 53" W 
34° 26' 54" N

Thickness
Description in feet

Siltstone, light gray, very calcareous, hard, 2
forms blocky ledge.

Concealed. 9

Siltstone, light gray, massive, lower 2 feet slightly 8
calcareous, upper part non-calcareous, partially 
concealed, forms ledge.

Total Rim Club limestone 19

Red beds, interval between Rim Club limestone 91
and Ft. Apache limestone.

Siltstone, light gray, brownish on fresh exposure, 26
massive, calcareous, non-fossiliferous, partially 
stained red, forms vertical cliff.

Siltstone, similar to no. 12, but with thin zones of 1
gray, calcareous, thin bedded shale at top.

Limestone, brownish on fresh exposure, hard, 1
silty.

Shale, gray, soft, thin bedded, calcareous. 1

Limestone, gray on weathered exposure, slightly 3
silty, hard, forms vertical face.

Concealed. 1

Siltstone, light gray, thin-bedded, very calcareous, 3
bottom 6" harder and massive.
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Unit Thickness
No Description in feet

1 Clay, soft, light gray. 3

Total Ft. Apache limestone 39
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PINE SECTION
T. 12 N., R. 8 E.
C SE SW Sec. 26

Unit
No. Description

7 Limestone, light brownish gray, hard, massive,
partially stained red, partially covered with 
sheets of calcite crystals, non-fossiliferous, 
silty, forms vertical cliff.

6 Shale, light gray, calcareous, contains streaks 
of calcite primarily parallel to bedding, forms 
recess.

5 Siltstone, light gray to white, calcareous, soft, 
forms recess.

4 Limestone, light gray, hard, very calcareous,
forms vertical face.

Total Ft. Apache limestone

3 Red beds, interval between Ft. Apache limestone 
and lower "lime" ledge.

2 ' Siltstone, calcareous, light gray to white, mas 
sive, forms ledge.

1 Concealed, seems to be same as above.

Total exposed lower "lime" ledge

Thickness 
in feet

29

1

3

6

39

88

6

?

6
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