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ABSTRACT

The Supai Formation of Permian age and its equiva
lents in New Mexico and Arizona were deposited in a series 
of small sinking basins bordered by low shelves or positive 
elements of low relief. In eastern Arizona, the Holbrook . 
basin was the site of the greatest deposition. Through 
correlation of subsurface drill holes with surface exposures 
along the Mogollon Rim and Defiance uplift, the Supai in the 
Holbrook basin can be divided into the four member sub
division recognized in the Fort Apache Reservation: Amos
Wash, Big A Butte, Fort Apache, and Corduroy Members.

The Supai in the Holbrook basin represents a former 
deltaic plain that lay to the east of a main delta complex. 
Deposits during Wolfcampian time were predominantly con
tinental red beds with interbedded carbonate and evaporite 
units in the Big A Butte Member. Marine transgression from 
the south is indicated by the predominantly carbonate com
position of the Fort Apache Member. The Corduroy Member 
was deposited in an actively subsiding restricted marine 
basin. As much as 485 feet of evaporites were precipitated 
in the basin center before a rapid influx of elastics from 
the northwest eventually filled the basin.

vi



INTRODUCTION

The Supai Formation of Permian age was originally 
named and defined by Darton (1910) at the type locality in 
Havasu Canyon in the central Grand Canyon region. Since 
Barton’s original study, various detailed studies of the 
lithology and stratigraphic relationships of this formation 
have been undertaken in the northern half of the state.

The Supai Formation is composed predominantly of 
reddish-brown to reddish orange brown sandstone, siltstone, 
mudstone, and shale. Carbonate rocks in the Supai in the 
southern half of the study area comprise a notable portion 
of the formation along the southern Mogollon Rim and the 
Fort Apache Reservation in east central Arizona. The 
lateral persistence of these carbonate rocks makes them 
excellent marker horizons on which to divide the Supai 
Formation into members and into subdivisions within members

Within the Holbrook basin, a substantial volume of 
evaporite beds occur in the "upper Supai," the part of the 
Supai above the Fort Apache Member. These evaporite de
posits have both volumetric and economic importance. In 
the present study, this evaporite sequence has been in
vestigated in more detail than the other parts of the Supai

1
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Purpose

The objective of this study was to correlate the 
Supai Formation in the subsurface of the Holbrook basin 
with surface outcrops of Supai along the Mogollon Rim and 
the Defiance uplift, The four-fold subdivision of Winters 
(1951, 1963): Amos Wash Member, Big A Butte Member, Fort
Apache Limestone Member, and Corduroy Member in the Fort 
Apache Reservation has been extended in the subsurface west 
towards Oak Creek Canyon and north to the Defiance uplift. 
The depositional history of the Supai Formation in the Hol
brook basin also was investigated.

Area of Investigation
The Holbrook basin is situated in east central 

Arizona at the southern margin of the Colorado Plateau.
It is bounded by the Mogollon Rim to the south and the 
Defiance uplift to the northeast. Both areas contain good 
surface exposures of the Supai Formation. Within the Hol
brook basin, the Supai may be studied only in the sub
surface. The area of investigation extends from T. 7 N. 
to T. 31 N. and from R. 5 E. to R. 31 E. at the Arizona- 
New Mexico border. It encompasses the Fort Apache Reserva
tion exposures described by Winters (1951, 1963), the 
Mogollon Rim outcrops studied by Jackson (1951, 1952) , 
Gerrard (1964, 1966), Huddle and Dobrovolny (1945), and 
others; exposures at Oak Creek Canyon described by McKee
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(1945); the Holbrook basin proper; and the northern flank 
of the basin along the Defiance uplift (Fig. 1).

Exposures within the Fort Apache' Reservation and 
along the Mogollon Rim mark the southernmost boundary of the 
Supai Formation. The Defiance uplift marks the north
eastern boundary. South of the Mogollon Rim, the Supai 
is missing due to modern erosion, whereas the abrupt 
thinning of Supai over the Defiance uplift is due to non
deposition of sediments.

Methods of Investigation
The Supai was investigated utilizing drill hole 

logs and sample descriptions from the American Strati
graphic Company, and the Arizona Bureau of Mines. The 
subsurface data were correlated with measured sections 
from McKee (1945), Winters (1963), Huddle and Dobrovolny 
(1945), Jackson (1951), and Peirce (1962). Laterally per
sistent carbonate beds were used to separate the Corduroy, 
Fort Apache, and Big A Butte Members. The absence of 
carbonate beds and general log characteristics distinguish 
the Amos Wash Member from the overlying Big A Butte Member. 
Four subdivisions could be differentiated within the 
Corduroy Member on the basis of lithology and common log 
characteristics.

Seven cross sections were constructed to correlate 
members and illustrate facies changes across the basin:
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three are aloncj an east trend f three are along a northeast 
trend, and one is along a northwest trend. Each cross 
section intersects at least one other cross section; 
correlations can thus be carried in any direction across 
the basin.

Color, lithology, and grain size were the basis 
for differentiation of the rock types. Where available 
and applicable, interval thickness and presence or absence 
of cross-bedding were used for correlation. Samples were 
not examined by the writer as part of the investigation 
for this study, except those from drill holes where con
tacts could not be determined from the sample descriptions 
or log characters.

Isopach maps were prepared to demonstrate the areal 
extent and thickness of each member and of the total Supai 
Formation. Isopaching of subdivisions within the Corduroy 
Member illustrate the period of active subsidence and 
eventual filling of the basin, A facies map was prepared 
to define the environmental conditions existing during 
deposition of Corduroy sediments and the limit of salt 
deposition,

A total of 33 drill holes were used in the sub
surface investigation: 32 oil and gas wells and one water
well. Four surface sections were correlated with the
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subsurface data and are located at Oak Creek Canyon, Fossil 
Creek, the Fort Apache Reservation, and the Defiance uplift.

Previous Work
The Supai Formation has been described by many in

vestigators beginning with Darton (1910), The earliest 
attempt at differentiation within the formation was made 
by Stoyanow (1936), who named the Fort Apache Limestone at 
Kelly Butte in east central Arizona. Huddle and Dobrovolny 
(1945) correlated the Fort Apache Limestone of Stoyanow 
with a 10-foot carbonate bed in the Supai at Oak Creek 
Canyon. In Oak Creek Canyon, McKee (1945) recognized a 
three-fold division of the Supai which he termed A, B, 
and C, The Fort Apache Limestone recognized by Huddle and 
Dobrovolny lies within McKee1s A unit of the Supai, Huddle 
and Dobrovolny divided the Supai in eastern Arizona into 
a lower, middle, and upper unit. The Fort Apache Limestone 
lies within their upper Supai.

Jackson (1951, 1952) recognized five members within 
the Supai: the Corduroy, Fort Apache, Big A Butte, Oak
Creek, and Packard Ranch. Jackson's Oak Creek and Packard 
Ranch Members correlate with McKee's B and C divisions.
The upper three members are equivalent to McKee's A di
vision.

In the Fort Apache Reservation, Winter (1951, 1963) 
differentiated four members of the Supai Formation; in
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descending order; the Corduroy, Fort Apache,' Big A Butte, 
and Amos Wash, Winters’ complete Supai sequence is equiva
lent to Jackson's Corduroy, Fort Apache, and Big A Butte 
Members. The Oak Creek and Packard Ranch Members of Jackson 
at Fossil Creek are correlated by Winters with the upper 
part of the Naco Formation of Pennsylvanian age in the Fort 
Apache Reservation. The stratigraphic relationships and 
nomenclature are summarized in Figure 2.

Virgilian fossils found by Winters (1951) near the 
top of the Naco Formation on the Fort Apache Reservation 
warrant placing the Supai predominantly in the Permian 
Period, To the west at Fossil Creek, the oldest Naco 
fossils were described by Jackson (1951) as Desmoinesian 
in age. McKee and Jackson placed the lower portion of the 
Supai in the upper Pennsylvanian.

Read and Wanek (1961), Baars (1962), and Peirce 
(1967) correlated the Supai Formation in east central 
Arizona with the Permian formations in New Mexico. Baars 
equated the Abo and Supai Formations, placing the Yeso 
Formation above the DeChelly Sandstone. Peirce, and Read 
and Wanek considered the Supai equivalent to both the Abo 
and Yeso Formations. The lower DeChelly Sandstone is con
sidered an equivalent of the "upper Supai." Peirce called 
Read and Wanek's lower DeChelly Sandstone the Hunter Point
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Member, Further to the south, Winters (1951) correlated 
the Supai with the Abo and Yeso Formations in central New 
Mexico.

The first detailed subsurface investigations of the 
Supai were attempted by Gerrard (1964), and Peirce and 
Gerrard (1966) in the Holbrook basin. Peirce and Gerrard 
described and correlated in detail the Corduroy and Fort 
Apache Limestone Members from well samples. The well 
samples were correlated with surface exposures along the 
Mogollon Rim, Little attempt has been made to tie the 
"lower Supai’1 with surface outcrops or to extend the 
"lower Supai" across the Holbrook basin towards Oak Creek 
Canyon. In this study, the "lower Supai" refers to the 
part of the Supai below the Fort Apache Member. In the 
Holbrook basin, the "lower Supai" is divided into the Amos 
Wash and Big A Butte Members. The "upper Supai" refers 
to that part above the Fort Apache Member and is equivalent 
to the Corduroy Member.



REGIONAL GEOLOGY 

Adjacent Areas
During Wolfcampian time, the areas adjacent to the 

Holbrook basin were low relief features containing a series 
of sinking basins bordered by low shelves or positive ele
ments (McKee, 1967). South and southeast of the study 
area, marine carbonates were deposited in shallow seas and 
local subsiding basins. The general absence of coarse 
sediments indicates that the nearby positive elements were 
of low relief. In southern New Mexico, the Pedernal high
land separates the Delaware basin and Northwestern shelf 
from the Orogrande basin. To the north, in central New 
Mexico, the sediments change facies from carbonate to mud
stone, sandstone, and siltstone. Mudcracks, land plants, 
and vertebrate tracks indicate a continental or nearshore 
origin for these deposits (McKee, 1967). Farther north, 
the Uncompaghre highland in western Colorado shed sediments 
into surrounding basins in Utah, Colorado, and New Mexico, 
and may have been a source of red beds deposited in north
ern New Mexico and Arizona. The Defiance and Zuni uplifts 
were positive features during Wolfcampian time, but do not 
appear to have contributed significant amounts of detrital 
sediments,

9
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The Cordillejran geosyncline was present to the west 

in eastern Nevada and southwestern Utah (Dunbarf 1961), 
Thick sequences of marine limestone thin eastward across 
northwestern Arizona and interfinger with red beds of the 
Supai Formation (Jackson, 1951), These red beds in north 
central Arizona are believed to represent deposits of a 
delta and adjacent flood plain.

Leonardian sediments suggest periodic withdrawal 
of the seas and generally more arid conditions. South and 
southeast of the study area, marine deposits interfingered 
with sandstones derived from the northwest (McKee, 1967) 
during the lower Leonardian. Negative elements continued 
to subside but became more restricted. In central New 
Mexico, the Yeso Formation contains abundant evaporite 
rocks. To the north and west, the rocks become dominantly 
clastic in lithology. The westward extension and in
creasingly sandy composition of Supai red beds east of the 
Grand Canyon indicate a withdrawal of the seas to the west 
and northwest (Dunbar, 1961).

By middle Leonardian time, subsidence in many of 
the local basins had ceased. As these basins were filled, 
eolians sands covered northern Arizona and New Mexico, and 
southern Utah (Peirce, 1958). Many of the positive ele
ments that locally had influenced Wolfcampian sedimentation 
were covered by a thin sequence of sandy clastic sediments.
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Withdrawal of the seas in middle Leonardian time was the 
combined result of both arid climatic conditions and sedi
ment accumulation. It was followed by a major transgressive 
phase that is represented by the Kaibab and San Andres 
Formations.

Paleogeology

Units Underlying the Supai Formation
The Pennsylvanian Naco Formation underlies the 

Supai Formation with apparent conformity. The Naco is 
mainly carbonate rock and interbedded silt, orange chert, 
and limestone nodules. The upper part of the Naco that 
underlies the Supai is predominantly calcareous red silt- 
stone and shale that contains limestone nodules which are 
interbedded with thin sets of gray limestone. The contact 
with the Supai is gradational, and is arbitrarily placed 
on top of the highest calcareous siltstone, limestone, or 
limestone nodules zone.

Fossils in limestone beds near the top of the Naco, 
that crop out on the Fort Apache Reservation, have been 
dated Virgilian in age (Winters, 1963). This age for the 
top of the Naco Formation suggests a conformable contact 
between the Supai and underlying formation in the Fort 
Apache Reservation, West of the Reservation, at Fossil 
Creek, the youngest fossils collected in the upper part of
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the Naco are of Desmoinesian age (Huddle and Dobroyolny,
1945), Pollen found in association with coal in the lower 
part of the Supai (McGoon, 1962), approximately 200 feet 
above the Naco at Fossil Creek, is of Wolfcampian Permian 
age, possibly lower Wolfcampian (H, W. Peirce, personal 
communication). Paleontological evidence thus suggests 
a paraconformity between the formations that increases in 
time value westward, although lithologically the contact 
appears conformable over the entire study area.

On the flanks of the Defiance uplift, the "upper 
Supai" rocks unconformably overlie Precambrian granite.
"Lower Supai" and underlying Paleozoic rocks appear to be 
absent largely through non-deposition rather than erosion. 
Both the Supai and Naco formations onlap the Defiance uplift 
from the west and south, indicating that the Defiance uplift 
was a positive feature throughout much of Pennsylvanian and 
early Permian time.

South of the Mogollon Rim, the Supai and underlying 
units are either not exposed or have been removed by erosion, 
and the limits of Supai deposits cannot be determined.

Units Overlying the Supai Formation
The Coconino Sandstone of Leonardian age conformably 

overlies the Supai Formation in the Holbrook basin and 
along the Mogollon Rim. The Coconino Sandstone is a fine 
to very fine grained sandstone that is topographically
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expressed as prominent cliffs. Predominantly white and 
pale yellow, the formation ranges from cream colored to 
pale orange. In samples, the Coconino is a friable sand
stone containing loose or floating sand grains commonly 
frosted and including white interstitial clay and mica.
Large scale wedge-planar crossbedding, generally dipping 
to the south, is characteristic of the formation.

Changes in lithology, color, and topographic ex
pression differentiate the Coconino from the underlying 
Supai Formation, In samples from many drill holes, the 
Coconino is pink or light orange in its basal zone, and 
is gradational with the Supai. In these drill holes, the 
contact was picked at the highest red-orange sandstone 
interbedded with shale. As the uppermost Supai is pre
dominantly sandy, the contact cannot be picked on mechanical 
log character.

On the north flank of the Holbrook basin, the Coco
nino Sandstone is separated from the Supai by the DeChelly 
Sandstone. The DeChelly Sandstone is a fine-grained sand
stone containing interstitial white clay and mica that 
forms prominent cliffs in outcrop. In samples, the Coco
nino and DeChelly are separated on the basis of color; the 
DeChelly is pink to orange-red.

The DeChelly is recognized on the Defiance uplift 
as a formation separate from the Coconino, and thickens
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to the north. South of the Defiance uplift,, the DeChelly 
is not recognized. In the subsurface, the DeChelly is 
present in drill holes west of the Defiance uplift in 
Navajo County. It is approximately 100 feet thick in the 
Texaco Hopi well in T. 26 N., R. 16 E. South and west of 
the Texaco Hopi well, the DeChelly is absent.



SUPAI FORMATION

The Supai Formation or its equivalent strata were 
continuously deposited throughout the Colorado plateau in 
northern Arizona, No evidence, either lithologic or paleon- 
tologic, has been found to suggest a prolonged interruption 
in the deposition of Supai sediments. Absence of "lower 
Supai" to the east on the flanks of the Defiance uplift is 
attributed to non-deposition on a positive feature rather 
than erosion of previously deposited sediments.

The formation is conformably overlain by Coconino 
sandstone within the Holbrook basin and along the Mogollon 
Rim, and by DeChelly sandstone on the north flank of the 
basin and northern portion of the Defiance uplift. The 
contact is a transitional zone of variable thickness that 
is defined on the basis of lithologic characteristics, 
topographic expression, and observable primary structures. 
The Naco Formation underlies the Supai throughout the study 
area, with the exception of the Defiance uplift where Pre- 
cambrian granite is overlapped by "upper Supai" beds. The 
Supai rests with apparent conformity on the Naco throughout 
the Holbrook basin. West of the basin at Fossil Creek and 
Oak Creek Canyon, paleontological evidence suggests a 
paraconformity of post-Desmoinesian and pre-Wolfcampian age

15



16
between the Pennsylvanian and Permian strata, No litho
logic confirmation of this unconformity has yet been found. 
Over most of the study area the contact appears grada
tional. Separation of the two formations is based on 
lithologic characteristics and topographic expression.

The Supai consists principally of red beds: silt-
stones, mudstones, claystones and fine sand locally inter- 
bedded with limestone, dolomite, and an evaporite sequence 
of anhydrite, gypsum, and halite. Evaporite beds are 
confined mainly to the "upper Supai" between the top of 
the Fort Apache Member and overlying Coconino Sandstone.
In the western and northern portions of the study area, the 
formation grades into a dominantly sandy facies. Huddle 
and Dobrovolny (1945) observed that the upper portion of 
the Supai Formation increases significantly in both thick
ness and evaporite content northward from the Mogollon 
Rim. Throughout the entire formation, a progressive 
thickening and more complex lithologic assemblage than on 
surface outcrops is observed in the subsurface of the Hol
brook basin.

The Permian sequence in northeastern Arizona attains 
a maximum thickness in the subsurface of the Holbrook basin 
(Peirce and Gerrard, 1966). The increased thickness is due 
mainly to an expanded section of the "upper Supai" that con
tains several hundred feet of evaporites. Thickness of the
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formation ranges from about 2400 feet in the subsurface 
near Holbrook to 1200 feet at the Grand Canyon,

The Supai Formation within the limits of this study 
is considered to be of Permian age. Since faunal evidence 
places the Supai-Naco contacts near the Pennsylvanian- 
Permian boundary, the writer, for the sake of convenience, 
has placed the base of the Supai at the base of the Permian.

In the Grand Canyon, where the Supai Formation under
lies the Hermit Shale, the lower part of the Supai is placed 
in the Pennsylvanian Period, Thus the base of the forma
tion apparently becomes younger west to east and trans
gresses the Pennsylvanian-Permian boundary (McKee, 1945; 
Jackson, 1951) (Fig. 2), Within the study area no evidence 
was found to support time transgression of the Supai be
tween Fossil Creek and the Fort Apache Reservation.

Stratigraphic relationships within the Supai Forma
tion are well known from previous studies of surface ex
posures (McKee, 1945; Huddle and Dobrovolny, 1945; Jackson, 
1951; Winters, 1951, 1963), Field criteria for subdivision 
of the formation: composition and texture, primary struc
tures, and topographic expression were generally unsuitable 
for subsurface delineation of members. Internal correla
tion of the formation was essentially restricted to thin 
laterally persistent carbonate marker beds and general 
log character.
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Amos Wash Member

The Amos Wash Member is the lowest subdivision of 
the Supai Formation. It is named for the exposure at Amos 
Wash in the Fort Apache Reservation, where it is well 
exposed. Winters (1951, 1963) measured 330 feet of reddish 
brown, noncalcareous sandstone, siltstone, and mudstone at 
the type section. Topographically this member is ex
pressed as a series of siltstone and mudstone slopes and 
sandstone ledges.

The Naco Formation of Pennsylvanian age underlies 
the Amos Wash Member with apparent conformity over most of 
the study area. This contact has been previously discussed 
in detail, and it will not be further elaborated.

The Amos Wash Member is clearly recognized as a 
separate member of the Supai only within the Holbrook basin 
and along the eastern edge of the Mogollon Rim. South of 
the Fort Apache Reservation, the Amos Wash Member is not 
found and has probably been removed by erosion or buried 
by Tertiary volcanics. The most southerly subsurface 
occurrence of this member is the Mae Belcher State well in 
T. 9 N., R, 31 E, near the Arizona-New Mexico border. In 
this well the Amos Wash is 415 feet thick. Along the west
ern edge of the Mogollon Rim, at Fossil Creek and in Oak 
Creek Canyon, the Amos Wash Member is present, but is in
distinguishable from the overlying Big A Butte Member
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(Ficjs, 3 and 4)., The same problem is encountered on the 
north and northwest flanks of the basin. In these areas, 
separation of the Amos Wash and Big A Butte Members is not 
possible on either log character or change in lithology, 
which is essentially constant for both members (Figs. 3 
and 6). Across the Defiance uplift and along its upper 
flanks, the Amos Wash is absent due to non-deposition (Fig. 
6), Where it is recognized, the thickness of the Amos Wash 
Member ranges from 330 feet in the Fort Apache Reservation 
to a maximum of 615 feet in Pan American New Mexico- 
Arizona B-l well in T. 12 N., R. 23 E. near the center of 
the basin. The trend of the basin during the deposition 
of the Amos Wash Member approximately parallels the present 
northwest trend of the Mogollon Rim (Fig. 10), The member 
is thickest in the center of the basin, and thins south
west to the Mogollon Rim, and north and northeast towards 
the Defiance uplift (Figs. 4 and 9). A local thickening 
of sediments is observed to the northeast within the basin 
before pinching out over the Defiance uplift (Fig. 5).

Reddish-brown mudstone and siltstone, interbedded 
with silty sandstone, are the dominant lithologic types of 
the Amos Wash Member, The lithology of this member is gen
erally consistent over most of the study area: more than
50 percent siltstone and shale, more than 10 percent sand
stone, and less than 10 percent evaporite and carbonate



(Fig, 12), The absence of carbonate rocks in the Amos Wash 
is one of the criteria used by Wincers (1951) to separate 
it from the overlying Big A Butte Member. Towards Fossil 
Creek and Oak Creek Canyon, this member becomes increasingly 
silty and sandy in composition, but remains between the 50 
percent to 90 percent limit of siltstone and shale, and the 
10 percent to 50 percent limit of sandstone. North of T. 22 
N. the Amos Wash becomes predominantly shale, changing 
facies to more than 90 percent siltstone and shale, and less 
than 10 percent sandstone. It is reddish-orange shale 
interbedded with some siltstone. Limestone and dolomite 
nodules are common throughout the member in this area. In 
places the sequence is anhydritic, although no discrete 
beds of anhydrite or gypsum are recorded.

Correlation of the Amos Wash Member in the sub
surface is most reliable within the Holbrook basin in wells 
where both logs and sample descriptions are available.
The well logs show a definite change in character at the 
contact between the Amos Wash and overlying Big A Butte 
Members, The Amos Wash appears less resistive and tends 
to be more sandy in composition than the Big A Butte (Fig.
9). This contact is easily recognized and correlated 
over most of the basin. Where only sample descriptions are 
available, the contact is placed at the base of the lowest 
carbonate bed defined by Winters (1951) in the Fort Apache
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Reservation, Correlation between subsurface data and 
surface outcrops is based only on sample descriptions and 
is less reliable than subsurface correlations between wells 
where mechanical logs are available.' Attempts at correla
tions of beds within the Amos Wash Member were generally 
unsuccessful because of the absence of carbonate beds 
within the member.

Big A Butte Member
The Big A Butte Member of the Supai Formation

underlies the Fort Apache Member and overlies the Amos
Wash Member. It is named for exposures at Big A Buttes
near the town of Whiteriver on the Fort Apache Reservation.
Winters (1951, 1963) measured 475 feet of reddish-brown

.

calcareous mudstone and siltstone, gray unfossiliferous 
carbonate rocks, and gypsum and anhydrite. Topographically 
the member is expressed as a series of terraced slopes of 
red beds and ledges of carbonate and evaporite beds re
spectively.

The contact between the Big A Butte Member and the 
overlying Fort Apache Member is conformable throughout the 
study area. It is placed at the base of the carbonate 
zone of the Fort Apache, a persistent and easily recognized 
dolomite and limestone unit. On well logs, the contact is 
sharp and distinctive. In the subsurface, it is the most
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easily correlated marker boundary within the Supai Forma
tion, The Amos Wash-Big A Butte contact is discussed under 
the Amos Wash Member and will not be repeated in this 
section.

With the exception of the Fossil Creek area, the 
Big A Butte Member is restricted to the same areal limits 
as the Amos Wash Member, and is recognized as a separate 
member within the Supai Formation only where the Amos Wash 
Member can be identified (Figs. 4 and 9). At Fossil Creek, 
Jackson (1951) recognized only the Big A Butte Member.
He interpreted the Amos Wash, as defined by Winters, as 
changing facies westward into a reddish-brown siltstone 
laterally equivalent to the basal portion of his Big A 
"Sand Facies." Jackson correlated the upper portion of the 
Big A "Sand Facies" with Winters' Big A Butte Member,
Where the Big A Butte Member is recognized, it ranges in 
thickness from 475 feet in the Fort Apache Reservation to 
170 feet in the General Petroleum Creager State 14-6 well 
in T. 19 N., R. 23 E. The depositional trend of this 
member is more prominent north to northeast (Fig. 10), 
approximately at right angles to the trend of the under
lying Amos Wash sediments. The deposits thicken to the 
south and then thin rather rapidly along the northwestern 
limit of differentiated Big A Butte rocks (Fig. 9). Abrupt
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thinning of the member is observed near the Defiance uplift 
where the member is absent due to non-deposition (Fig. 4), 

Reddish-brown to pale-orange siltstone interbedded 
with anhydrite beds; shale; and carbonate rocks, predom
inantly dolomite, are the main Big A Butte lithologic types 
within the Holbrook basin. The presence of thin, unfossil- 
iferous carbonate beds in the member is one of the criteria 
used to differentiate it from the Amos Wash Member. A 
number of sample descriptions record small scattered salt 
crystals in sections near the center of the depositional 
basin. These crystals may be contamination from salt 
beds in the higher Corduroy Member. Towards Fossil Creek 
and Oak Creek Canyon, the composition of this member be
comes increasingly silty and sandy as does that of the Amos 
Wash Member, Composition of the Big A Butte Member con
sistently ranges from 50 percent to 90 percent siltstone 
and shale; sandstone, anhydrite and gypsum, and carbonates 
fluctuate between slightly greater than or less than 10 
percent over the study area (Fig. 12). North of T. 22 N., 
anhydritic shale replaces siltstone as the dominant litho
logic type and the member changes facies to more than 90 
percent siltstone and shale, and less than 10 percent sand
stone. Evaporite and carbonate beds are absent, although 
limestone and dolomite nodules are commonly scattered 
throughout the shale. The Big A Butte and Amos Wash



Members are undifferentiatable by either lithology or log 
character in the northern portion of the study area (Fig.
6).

Where the Fort Apache Member is present, correla
tion of the upper contact of the Big A Butte Member is 
reliable in both the surface and subsurface. No problems 
are encountered correlating subsurface data with surface 
exposures. Beyond the limit of the Fort Apache Member, 
the Big A Butte Member can not be separated from over- 
lying deposits of the Supai. Correlation of the lower 
contact is less secure than for the upper contact and can
not be extended as far laterally. Correlations of beds 
within the Big A Butte Member were successful on a limited 
basin within the Holbrook basin by use of well logs. Cor
relation lines could not be carried to surface sections or 
between drill holes where only sample descriptions are 
available.
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Fort Apache Member
The Fort Apache Member is the lowest division of 

the Supai Formation that is of Leonardian age (Winters 
1951, 1963). It is easily distinguished from overlying and 
underlying members by its dominantly carbonate lithology, 
presence of fauna, and prominent topographic profile. This 
member was originally named the Fort Apache Limestone by
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Stoyanow (1936) for the limestone type section at Kelly 
Butte,

The Fort Apache Member conformably overlies the 
Big A Butte Member and underlies the Corduroy Member ex
cept to the north where the Fort Apache is absent. The 
lower contact is placed at the base of the well-defined 
carbonate unit and is readily traced from locality to lo
cality. The upper contact is the upper limit of this 
carbonate zone. Although it is less distinct, and on some 
well logs is gradational, the upper contact of the Fort 
Apache can be carried with reasonable accuracy on lithology 
alone.

South of the Fort Apache Reservation, the Fort 
Apache Member is truncated by modern erosion south of the 
Mogollon Rim or buried by Tertiary volcanics. On many 
ridges, the carbonate beds serve as resistant caprock.
The ten foot section at Oak Creek Canyon marks the western
most occurrence of this member. West of Oak Creek Canyon 
at Sycamore Canyon, an equivalent carbonate zone is not 
present. The Owens Diablo Amarillo well in T. 20 N.,
R. H E .  marks the northern limit of the Fort Apache 
Member; north of this well the Fort Apache is absent 
(Fig. 9). On the upper flanks of the Defiance uplift, 
absence of Fort Apache Member is due to non-deposition 
(Fig. 4).
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The Fort Apache Member thickens south and south

west towards the Fort Apache Reservation where it reaches 
its maximum measured thickness of 122 feet at Gerrard's 
section at Cedar Creek. Thinning occurs west and north to 
a minimum of 10 feet at Oak Creek Canyon and 20 feet at 
the northern recognizable subsurface limit (Figs. 3 and 9).

Limestone, dolomite, and evaporite-dolomite litho- 
facies were recognized by Gerrard (1964, 1966) in the Fort 
Apache Member. Rocks of each of these facies have under
gone recrystallization and/or dolomitization. Petrographic 
studies by Gerrard revealed a dense finely crystalline, 
fossiliferous composition for these carbonates. The lime
stone facies is mainly confined to the Fort Apache Reserva
tion and immediately adjacent areas. The dolomite facies 
is dominant along the central and western Mogollon Rim and 
in the areas immediately north. This change in lithology 
coincides with a marked thinning of the member. The Hol
brook basin proper bounds the evaporite-dolomite facies.
The composition is dominantly dolomite, interbedded with 
anhydrite and halite zones, with a texture similar to that 
of the dolomite facies. A lithofacies map was not prepared 
for the Fort Apache Member because the only facies change 
recorded by the well logs would occur at the zero limit of 
the carbonate unit. Petrographic studies are required to 
define meaningful facies changes within the depositional
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limits of the fort Apache Member. Such limits have been 
defined by Gerrard and are not attempted here.

Lithologic prominence and stratigraphic position 
are the main criteria for correlation of the Fort Apache 
Member between surface exposures and subsurface drill holes 
and within the subsurface. The correlations appear firm 
throughout the study area and mark reliable boundaries for 
the member. Baars (1962), in his treatment of the Permian 
stratigraphy of the area of the Holbrook basin, miscorrelat- 
ed the Fort Apache Member into the subsurface. The error 
resulted in establishing the subsurface position of the unit 
to be 1000 feet stratigraphically higher than it actually 
is (H. W. Peirce, personal communication).

Corduroy Member
The uppermost division of the Supai Formation is 

the Corduroy Member. The type section is exposed in 
Corduroy Creek in the Fort Apache Reservation. Winters 
(1963) measured 370 feet of reddish-brown, calcareous 
siltstone, mudstone, and claystone interbedded with gen
erally unfossiliferous.limestone and gypsum. Topographically 
the member is expressed as a series of ledges and slopes.

The Corduroy Member is recognized as a separate 
member wherever it is underlain by the Fort Apache Member. 
Where the Fort Apache is absent, rocks equivalent to the 
Corduroy comprise the upper portion of the undifferentiated
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Supai Formation, On the upper flanks and over the crest of 
the Defiance uplift, Precambrian granites underlie a partial 
section of the Corduroy Member or its equivalent (Figs. 4 
and 6). . Either Coconino Sandstone, or DeChelly Sandstone, 
or their equivalent overlie the Corduroy or its equivalent 
throughout the study area. Both the upper and lower con
tacts, generally gradational in nature, are differentiated 
lithologically, particularly in the subsurface. These con
tacts have been previously discussed in greater detail in 
this study.

North of T. 22 N., the member is undifferentiated 
from the underlying portion of the Supai Formation (Figs. 3 
and 9). Over the Defiance uplift, rocks equivalent to the 
Corduroy overlie precambrian granite and are abnormally 
thin. The Corduroy is recognized as far west as Fossil 
Creek (Fig. 4). Jackson (1951) equated his Corduroy Member 
with that part of McKee's (1945) A Member that is above 
the Fort Apache limestone in Oak Creek Canyon. West of 
Oak Creek Canyon, the Corduroy cannot be separated from 
underlying strata.

Thickness of the Corduroy or its equivalents range 
from 139 feet on the Defiance uplift to 1329 feet in the 
center of the Holbrook evaporite basin. The member thins 
in all directions from the basin center (Fig. 11). The 
large variation in thickness in the study area is a result
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of evaporite deposits which contribute a maximum thickness 
of 485 feet to the Corduroy Member (Peirce and Gerrard,
1966), High halite/sulfate ratios are coincident with 
maximum evaporite accumulations. The depositional limit of 
the halite covers an area of approximately 2300 square 
miles along a very general northeast-southwest trend (Fig.
12). The trend of the entire Corduroy Member extends north
east-southwest paralleling the halite distribution and 
emphasizing the significance of halite to the. total Corduroy 
deposition.

Strata of the Corduroy Member are composed of orange 
to reddish-brown sandstone, siltstone, and shale interbedded 
with carbonate, and an evaporite sequence consisting of 
varying amounts of halite, anhydrite, and gypsum. Sylvite, 
although widespread in distribution over the basin, is con
sidered a minor constituent of the evaporite sequence 
(Peirce and Gerrard, 1966). Within the Holbrook basin and 
in the Fort Apache Reservation, the Corduroy is divisible 
into upper and lower lithologic zones.

The lower zone contains an evaporite sequence inter
bedded with clastic and carbonate rocks. Its thickness 
ranges from a minimum of 310 feet in the Fort Apache 
Reservation to a maximum'of 1032 feet in the center of the 
basin (Fig. 11). The thickest salt accumulation is on the 
northwest side of the basin along a northeast-southwest
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trend. Sylyite. zones are generally concentrated near the 
upper limit of halite deposition in the eyaporite basin. 
Lensing of the halite and clastic deposits suggest a fre
quent shifting of the evaporite sequence in time and space 
(Peirce and Gerrard, 1966).

Anomalous thinning of both salt accumulation and 
total thickness of the lower zone between the California 
State well in T. 14 N , t R. 18 E. and the Union-Continental 
New Mexico-Arizona well in T. 15 N,, R. 19 E. is attributed 
to salt solutioning rather than nondeposition (Peirce and 
Gerrard, 1966).

Along the southeast side of the basin, a sub
stantial decrease in salt and an increase in carbonate, 
anhydrite, and gypsum, both in thickness and number of 
beds, occurs. This thickening gives a directional trend 
to the deposits that lies at right angles to the trend of 
salt accumulation (Fig. 11). Towards the center of the 
basin, anhydrite and gypsum appear to grade into a halite 
sequence, and some of the carbonate zones become more an- 
hydritic in composition. The lateral persistence of some 
of the carbonate and sulfate zones makes them excellent 
marker horizons on which to subdivide the lower zone.
Gerrard (1964, 1966), and Peirce and Gerrard (1966) rec
ognized three subdivisions within this lower zone that 
could be carried across the basin. Within a more restricted
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areal limit, the halite beds also serve as key correlation 
beds, The best key beds in both surface exposures and sub
surface drill holes are the carbonate beds. These car
bonates differ from the Fort Apache carbonates only on the 
basis of thinness and absence of fauna.

The upper zone of the Corduroy Member is clastic, 
the base of which is placed at the top of the highest 
anhydrite, gypsum, or carbonate bed. This siltstone and 
sandstone unit is thinnest in the southeast and thickens 
to the northwest to a maximum thickness of 245 feet. North 
and west of the basin, the entire Corduroy Member is 
clastic and similar in composition to this upper zone; 
it is indicated as undifferentiated on the cross sections 
(Figs. 6 and 9). No key beds are recognized within the 
upper zone to enable its subdivision.



NOMENCLATURE RECOMMENDATIONS

No nomenclature revisions are proposed in this 
paper. It is recommended however, that the fourfold di
vision of the Supai Formation proposed by Winters (1951, 
1963) for the surface exposures in the Fort Apache Reser
vation be extended into the subsurface for the Holbrook 
basin and adjacent areas wherever such subdivision is pos
sible. Correlation with surface exposures at Fossil Creek, 
Oak Creek Canyon, and the Fort Apache Reservation, and 
between subsurface drill holes supports formal subdivision 
of the Supai Formation in the subsurface.

The terms "lower Supai," "upper Supai," and upper 
and lower zones of the Corduroy Member used in this paper 
are not proposed as formal subdivisions of the Supai Forma
tion. They were used as informal terminology to facilitate 
discussion of specific regions within the study area.
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JDEPOSITIONAL HISTORY AND ENVIRONMENT

The Supai red beds are representative of deltaic 
plain sediments (Van Houton, .1961) laid down in an overall 
regressive phase of sedimentation. The deltaic sequence 
of coal bearing siltstone grading upward into interbedded 
siltstone and sandstone is lithologically similar to sedi
ments recognized in the modern Mississippi delta (Fisk,
1961; Kolb and Van Lopik, 1966; and Scruton, 1960). The 
delta lay on the west edge of the study area and is sug
gested by a rapid thickening of sediment in the "lower 
Supai" at the Fossil Creek and Oak Creek Canyon exposures, 
and the presence of coal in the lower Fossil Creek sequence. 
These deposits may represent Rainwater's (1966) delta 
fringe, a sand and silt sequence with plant fragments. Red 
beds to the east are more characteristic of Fisk's (1961) 
delta front, a zone of clayey silts containing sparse 
assemblages of fauna.

The Amos Wash Member is interpreted as continental 
(Winters, 1963). Minor transgressions of marine waters 
from the south are recorded in the Big A Butte Member in 
which red beds are interbedded with marine carbonate, or 
anhydrite, or gypsum. Deposition is interpreted as occuring 
in the area marginal to an oscillating shoreline. Isopach
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maps of both the .Amos Wash and Big A Butte Members illus
trate the slow subsidence rate and relatively permanent 
location of the basin center during deposition of the "lower 
Supai." The Defiance uplift northeast of the Holbrook basin 
was a positive element. The fine-grained elastics close to 
the uplift suggests that it was of low relief.

The only major marine transgressive phase in the 
Supai is represented by the Fort Apache Member. Fossil 
fauna from this member are characteristic of a shallow 
water open shelf environment. Salinity of the Fort Apache 
sea reached its maximum within the Holbrook basin proper.
The center of maximum subsidence shifted to the eastern 
margin of the state and to the southern extremity of the 
Defiance positive area (Gerrard, 1964, 1966). Marine waters 
appear to have gained access to the basin from the south and 
southeast.

Following deposition of the Fort Apache Member, the 
site of greatest subsidence shifted back to the Holbrook 
basin proper, and this basin then became an area of active 
subsidence. The rapid subsidence is reflected by the ex
panded section of the Corduroy Member in the center of the 
basin. The lower zone of the Corduroy indicates that the 
basin was a restricted shallow marine environment period
ically innudated by marine waters from the southeast. The 
occurrence of sylvite near the top of the evaporite sequence
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probably represents the final bittern phase of the eyaporite 
environment (Goldsmith, 1969). The deposits bordering the 
basin on the north and west were relatively thin intervals 
of sandstone compared to the thickness of the same intervals 
in the basin and suggest that a relatively stable shelf 
existed beyond the basin limits. In the upper zone of the 
Corduroy, influx of clastic material from the northwest 
replaced precipitation of evaporites as the principal basin 
deposit. The rate of deposition of the elastics exceeded 
subsidence of the basin and resulted in the seaward dis
placement of the shoreline and filling of the basin with 
continental sediments. Northeast of the Holbrook basin, the 
Defiance uplift was covered by sediment for the first time 
in the Permian time..

The primary source of the clastic sediments is 
believed to lie northwest of the study area. An increase 
in the percentage of elastics as well as an increase in the 
grain size is noted in that direction. Although the De
fiance uplift remained a positive feature during deposition 
of most of the Supai, it apparently was only a minor source 
of detritus. No evidence suggests that the uplift con
tributed a significant volume of elastics either to the 
Holbrook basin or to the more stable shelf to the north.

The red color of, the deposits is probably secondary 
in origin and resulted from post-depositional oxidation



of iron minerals (Walker, 1967) in the arid to semi-arid 
climate that existed throughout deposition of the Supai 
Formation.



SUGGESTIONS FOR FURTHER STUDY

This thesis has revealed many areas where further 
detailed study is needed. Detailed petrographic investiga
tion, of the type undertaken by Gerrard (1964) in his study 
of the Fort Apache Member, is needed for the Amos Wash,
Big A Butte, and Corduroy Members. This investigation 
could extend present boundaries and define reliable limits 
to each member. Lithofacies maps prepared from this data 
would aid in environmental interpretations of the area. 
Study of the evaporite sequence in the Corduroy Member, 
especially the sulfate deposits, would have economic as 
well as geologic significance.

Few attempts have been made to tie the Holbrook 
basin and adjacent areas to the drill holes in the Black 
Mesa basin and Four Corners region or the surface exposures 
in the Grand Canyon and western Arizona. Such detailed 
correlation with the Holbrook basin would have been most 
useful in this investigation and ought to be of high 
priority in future geologic mapping in northern Arizona.

Pollen collection and analysis in the Supai Forma
tion is needed both in surface sections and subsurface 
samples to date heretofore undatable deposits. Further 
work is particularly needed to establish reliably the
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pennsylvanian-permian boundary. The only other fossils 
available for dating the Supai Formation are the inverte
brate fauna collected from the Fort Apache carbonate zones. 

Detailed study of invertebrate fauna in the Fort 
Apache Member may provide valuable ecological data for 
interpretation of the paleoenvironmerit during deposition 
of the Fort Apache carbonates.



APPENDIX I

NAME AND LOCATION OF SUBSURFACE DRILL HOLES
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Subsurface Drill Holes

No Name Location References

1 I. M. Lockhart Babbitt #1 Sec. 21, T. 27 N. / R. 9 E. Am. Strat.l 
A.B.M.2

2 Moore, Moore & Miller Hopi #1 Sec. 6, T. 29 N., R. 15 E. Am. Strat.
A.B.M.

3 Atlantic Ref. Hopi-9 #1 Sec. 9, T. 28 N., R. 15 E. Am. Strat.
A.B.M.

4 Skelly et al. Hopi Tribe A #1 Sec. 35, T. 30 N. , R. 17 E. Am. Strat.
A.B.M.

5 Amerada Pet. Hopi-5075 #1 Sec. 8, T. 29 N., R. 19 E. Am. Strat.
A.B.M.

6 Amerada Pet.-Stanolind Oil 
Gas Navajo Black Mountain

&
■ #1

Sec. 3, T. 31 N., R. 23 E. Am. Strat.
A.B.M.

7 Wilson Cranmer #2 Sec. 15, T. 2 N., R. 9 W. A.B.M.
8 Wilson Cranmer #1 Sec. 21, T. 2 N., R. 6 W. A.B.M.

1American Stratigraphic Company 
2Arizona Bureau of Mines
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Subsurface Drill Holes (Continued)

No Name

9 James Pickett Padre Canyon 
St. #1

10 Western Oil & Minerals, Inc.
Walters #1

11 Roy Owens & Co. Diablo
Amarillo 12-1

12 Texaco Hopi Tribe A

13 Pan American Pet. Aztec Land
& Cattle #B-1

14 Pan American Pet. Aztec Land
& Cattle #A-1

15 George Cree Scorse-Fee #1

16 General Pet. Creager State
14-6

17 ' Kerr-McGee Hortenstein #1

18 Kerr-McGee State #2

Location References

Sec. 26, T. 20 N., R. 10 E. Am. Strat
A.B.M.

Sec. 24, T. 19 E., R. 10 E. Am. Strat
A.B.M.

Sec. 12, T. 20 N., R. 11 E. Am. Strat
A.B.M.

Sec. 15, T. 26 N., R. 16 E. Am. Strat
A.B.M.

Sec. 9, T. 16 N., R. 18 E. Am. Strat
A.B.M.

Sec. 5, T. 16 N., R. 20 E. Am. Strat
A.B.M.

Sec. 33, T.- 18 N., R. 20 E. Am. Strat
A.B.M.

Sec. 6, T. 19 N., R. 23 E. Am. Strat
A.B.M.

Sec. 23, T. e;COH 25 E. Am. Strat 
A.B.M,

Sec. 34, T. 20 N., R. 26 E. Am. Strat
A.B.M.



Subsurface Drill Holes (Continued)

No Name

19 Eastern Pet. Sante Fe #3

20 J. G. Brown & Assoc.
Chambers-Sanders #2

21 Water Well near Houck
22 Monsanto Chem. Co. Cabin

Wash #1
23 California Oil Co. State 2519

24 Union Oil of Calif.-Continental
Oil New Mexico-Arizona Land #1

25 I. M. Lockhart Aztec Land &
Cattle

26 Terineco Oil Federal #1

27 Tenneco Oil Fort Apache 
Tract. 56 #1-X

Pan American Pet. New Mexico- 
Arizona Land #B-128

Location References

Sec.

Sec.

Sec.
Sec.

Sec.

Sec.

Sec.

Sec.

Sec.

Sec.

9, T. 19 N. 

27, T. 21 N

12, T. 22 N
30, T. 14 N

12, T. 14 N 

34, T. 15 N 

33, T. 14 N 

15, T. 10 N

31, T. 10 N 

25, T. 12, N

, R. 27 E.

. , R. 28 E.

., R. 30 E. 

. , R. 14 E.

. , R. 18 E.

. , R. 19 E.

, R. 20 E.

, R. 19 E.

, R. 21 E.

, R. 23 E.

Am. Strat.
A.B.M.
Am. Strat.
A.B.M.
A.B.M.
Am. Strat.
A.B.M.
Am. Strat.
A.B.M.
Am. Strat.
A.B.M.
Am. Strat.
A.B.M.
Am. Strat.
A.B.M.
Am. Strat.
A.B.M.
Am. Strat.
A.B.M. tv



Subsurface Drill Holes

No Name Location References

29 Pan American Pet. New Mexico- 
Arizona Land #A-1

Sec. 12, T. 13 N., R. 25 E. Am. Strat.
A.B.M.

30 Argo Oil State #1 Sec. 22, T. 15 N., R. 29 E. A.B.M.
31 Tenneco Federal-C #1 Sec. 22, T. 11 N., R. 28 E. Am. Strat.

A.B.M.
32 Tenneco Merrill-Fee #1 Sec. 26, T. 10 N., R. 30 E. Am. Strat.

A.B.M.
33 Mae Belcher State #1 Sec. 20, T. 9 N. , R. 31 E. Am. Strat.

A.B.M.



APPENDIX II

NAME AND LOCATION OF SURFACE EXPOSURES 
OF THE SUPAI FORMATION
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Surface Exposures of the Supai Formation

No Name Location References

34 Oak Creek Canyon T. .18 N. , R. 6 E. McKee (1945) 
Jackson (1951)

35 Fossil Creek T. 12 N. , R. 8 E. Huddle & Dobrovolny (1945) 
Jackson (1951)

36 Fort Apache Reservation 
(composite section)

T. 8 N., R. 20 E. Winters (1951, 1963)

37 Black Creek Canyon T. 24 N., R. 30 E. Peirce (1962)
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