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INTRODUCTION

Northern Arizona constitutes one of the few remaining unexplored and
untested potentially hydrocarbon-productive onshore areas in the contiguous
48 states., The limited drilling exploration to date has proved the pres-
ence of oil and gas accumulations near the northeast corner of the state;
and, significantly, it has indicated that other large areas have the basic
geologic requirements for accumulations. For this review, "Northern Arizona"
is considered to be that portion of the Colorado Plateaus province of the
state north of the central mountainous region (Fig. 1). For discussion
purposes, this portion of the state has been divided into two regions,
"northwest'" and '"northeast." Data have been taken from well and produc-
tion records of the Arizona 0il and Gas Conservation Commission and from
Peirce and others (1970), Peirce and Scurlock (1972), and Scurlock (1973).
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Figure 1. - Map of State of Arizona, showing location of northwest and
northeast regions. '



HISTORY OF EXPLORATION

In the northwest region, the first recorded attempt to find oil was a
hole drilled in 1905 to a reported depth of 2,003 feet, located in sec. 27,
T. 18 N., R. 2 W., about 25 miles north of Prescott, Yavapai County.

Only a few of the 48 test holes drilled in the northwest region since
1905 were situated on prospects defined by geological and(or) geophysical
information. Some of the holes were drilled on known surface structural
anomalies, others on weak geological information; but most were strictly
"promotional' ventures.

In the northeast region, incomplete records indicate that two oil test
holes were drilled in 1923-24: one in northwestern Apache County, and one
in southwestern Navajo County. From then until late 1954 approximately lé4
0il test holes were drilled. Most of these were drilled in southern Navajo
County on surface anticlines; most of those on the Navajo Reservation to the
north were drilled on prospects based on geological and geophysical informa-
tion.

Early in 1954 Shell 0il Company attempted unsuccessfully to complete
its Navajo 1l in sec. 6, T. 41 N., R. 29 E., Apache County, as a commercial
0oil well from reservoir rocks in the Pennsylvanian- Hermosa Group. Shows of
0il and gas were recorded also in rocks of Mississippian and Devonian age.
In December of the same year Shell completed its Navajo 2, sec. 3, T. 41 N.,
R. 28 E., as the discovery well of the East Boundary Butte pool (Fig. 2).

The initial production gauge was 3,150,000 cubic feet of gas and 3.6 barrels
of oil per day through casing perforations at 4,540-4,585 feet and 4,650-
4,690 feet in the Ismay and Desert Creek units respectively of the Penmnsyl-
vanian Hermosa Group.

This discovery, coupled with the late 1954 discovery of the Desert
Creek pool (Greater Aneth field area in Utah), initiated an intensive ex-
ploratory program that resulted in the discovery of numerous oil pools in
the Four Corners region of Arizona, Colorado, New Mexico, and Utah. In the
Arizona portion of the area geological, geophysical, and drilling explora-
tion during the 1955 to 1965 period resulted in the discovery of eight
areally small oil and gas pools in the general East Boundary Butte area
(Fig. 2).

Arizona's best oil pool, Dineh-bi-Keyah, was discovered in 1967. The
discovery well was drilled by Kerr-McGee Corporation in sec. 32, T. 36 N.,
R. 30 E., Apache County. It was completed for an initial production gauge
of 634 barrels of oil per day through casing perforations at 2,860-2,885
feet in a Tertiary igneous sill intruded into rocks of the Pennsylvanian
Hermosa Group.



From early 1965 to October, 1973, approximately 104 exploratory holes

were drilled in the northeast region.
occurred in 1967, 1968, and 1969.

The peak period of drilling activity
Most of the holes drilled were located
in or near productive areas in the northeast corner of Apache County.

Dril-

ling near the Dry Mesa Pool resulted in the 1971 discovery of the Black Rock

gas pool.
since 1969.

Very little exploratory drilling for oil and gas has been done
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DENSITY OF DRILLING

Drilling activity generally tends to concentrate in and near productive
areas. This has been the case for exploratory drilling in Northern Arizonma.
There are large regions in this part of the state devoid of holes drilled in
search of hydrocarbons. Figure 3 presents graphically the few relatively
densely drilled areas and the vast spaces completely untested. Fortunately
for the subsurface geologist, numerous holes drilled for stratigraphic,
structural, mineral (potash and halite), and helium information, plus hun-
dreds of holes drilled for water, furnish stratigraphic and structural con-
trol in several areas lacking oil test holes (Fig. 4).
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Figure 3. - Map of Colorado Plateaus province (northwest and northeast
regions), showing location of wells drilled for oil, gas, and helium.



In the general Holbrook area of Apache and Navajo Counties, at least
126 holes have been drilled for stratigraphic information (predominantly
for potash in the Permian Supai Formation). These holes have a depth range
of 428 to 3,380 feet and an average depth of 1,471 feet. The total footage,
drilled or cored, amounts to more than 185,391 feet. Most of the wells
drilled for water reaching stratigraphic units useful in subsurface mapping
are located in the southwestern half of Northern Arizona.
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Figure 4. - Map of Colorado Plateaus province (northwest and northeast
regions), showing location of wells arilled for oil, gas, helium, and
stratigraphic information (principally for potash deposits), and of
selected stratigraphically significant wells drilled for water.



Table 1 lists by counties the number of oil and helium test holes dril-
led, and pertinent data, in the northwest and northeast regions. The 18
holes in the northwest region which were bottomed in Precambrian rocks did
not develop any stratigraphic information of regional value as most of them
were drilled within a small area in Tps. 17 and 18 N., Rs. 4 and 5 E., in
northern Yavapai County. Most of the 112 holes reaching Precambrian rocks
in the northeast region were drilled in northeastern Apache County. As of
October 1, 1973, a total of 439 o0il or helium test holes had been drilled in
Northern Arizoma; total footage drilled was 1,373,592; and average depth,
3,129 feet. The deepest hole, drilled by Monsanto Company in sec. 1,
T. 39 N., R. 29 E., was abandoned at a depth of 8,461 feet in a Tertlary
igneous sill intruded into rocks of the Devonian Ouray Formation.
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Coconino| 10 26,073 | 215-3868 |2607 4 3
Mohave 13 | 29.145 | 460-4666 |2242| 3 1
Yavapai 25 35,377 | 306-3206 (1415| 1 3|15
Total 48 90,595 | 215-4666 {1887| 4 8| 18

NORTHEAST REGION

Apache 188 903,809 | 249-8461 (4807|339 (16 |14 | 76

5'§ Coconino 5 26,060 [1470-7210 |5212 1 3

§§ Navajo 8 54,407 |4525-7780 |6801 1 7

2 |sub-total 201 984,276 | 249-8461 |4897|39 |16 |16 | 86

. |Apache 128 165.81y | 322-4657 {1295 9

B% Coconino| 9 29,493 | 510-6500 |3277 1 5

gé Navajo 53 103,409 | 180-4675 |1951 24 12

. < Sub-total | 190* | 298,721 | 180-6500 1572 3| 26

Total 391 | 1,282,997 | 180-8461 |[3281| 39 |16 1%112

GRAND TOTAL 439 1,373,692 180-8461 3129 43 16 27 130

* Drilled for oil or gas - 88t drilled for helium - 102%*
Data to 10-7-73
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Table 1. - Wells drilled for oil, gas, and helium in northwest and
northeast regions of Arizona: table shows number of wells drilled,
footage drilled, depth range, average depth, and number of wells
penetrating pre-Pennsy/vanian rocks.
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STRATIGRAPHIC OCCURRENCE OF OIL AND GAS SHOWS

In the northwest region, shows of oil have been noted in Permian,
Pennsylvanian and Devonian rocks (Table 2). In the northeast region, shows
of petroleum have been noted in Cretaceous, Triassic, Permian, Pennsylvanian,
Mississippian, Devonian, and Cambrian rocks, and in Tertiary igneous sills

intruded into these rocks.
In this review a '"'show'

ERA STRATIGRAPHIC UNIT has been considered to be
) any indication of hydro-
Period NORTHWEST | NORTHEAST carbons occurring natu-
REGION REGION ~rally in rocks. The qual-
MESO0Z0IC ity of shows noted varied
Cretaceous Dakota from light oil staining
. visible on drill=-bit cut-
Jurassic - tings to measured quanti-
. Shinarump ties of oil or gas re-
Triassic Moenkopi covered on drill-stem
tests. Most of the shows
PALE0ZOIC Toroweap in the northeastern portion
. : A of the northeast region
Permian Coconino Supai .were evident in drill-bit
cuttings, in cores, and in
Soemiowen the drill-stem test re-
. ) Naco - coveries of fluids and gas.
Pﬂnnsywamaﬂ CO"VI”e Hermosa In the south-central
~ portion of the northeast
Mississippian Redwall Redwall region and in all of the
Ouray northwest region, most of
the shows were noted in
Elbert the drill-bit cuttings.
Deveonian Martin M¢ Cracken
Aneth
Martin
Ordovician
Silurian
Cambrian Tapeats
PRECAMBRIAN

Table 2. -- Stratigraphic occurrence of shows of oil and gas
northwest and northeast regions. (Not a correlation chart.)
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OIL AND GAS POOLS

In seven of the oil and gas pools (productive, shut-in, or abandoned)
the productive zones occur in the Hermosa Group of Pennsylvanian age (Fig. 5).
In the East Boundary Butte pool, for example, the Hermosa; Lower Ismay; Upper,
Middle, and Lower Desert Creek; and Akah units of this group contain pro-
ductive zones. With just two exceptions, all of the wells produce, or have

Figure 5. - Penetration chart, o/l and gas pools in northeast region
of Arizona, showing deepest stratigraphic unit penetrated, productive
stratigraphic unit, productive status as of January 1, 1974, major
unconformities, and missing geologic section.
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produced, from zones in two or more units. The Lower Ismay and Upper Desert
Creek units have the greatest number of productive zones. Limestone is the
lithology of all the Pennsylvanian productive zonmes in the East Boundary
Butte and other pools nearest the extreme northeast corner of the state.
Entrapment of hydrocarbons in these productive zones is controlled by a
combination of favorable stratigraphic and structural conditioms.

The Mississippian Redwall Formation is oil- and gas=-productive in the
Dry Mesa pool (Fig. 5). An unnamed one-well pool in sec. 7, T. 40 N.,
R. 29 E., produced some oil from the Redwall prior to early abandonment.
The lithology of most of the productive zones in the Redwall Formation is
dolomite.

The Devonian McCracken Sandstone is not productive currently in north-
east Arizona. However, two one-well pools, Walker Creek and an unnamed one
in sec. 36, T. 41 N., R. 30 E., produced some oil from this formation prior
to abandonment.

In the Dineh-bi-Keyah pool, located about 33 miles south of the north-
east corner of the state, the productive reservoir is a fractured syenite
sill of Oligocene age. The sill intruded dense shale and limestone of the
Lower Hermosa Group of Pennsylvanian age. The pool is near the north end of

Table 3. - Oil and gas pools in northeast region of Arizona: table
shows location, discovery date, well status, and production data.

o WELL SPATUS 1/1/74 PRODUCTION DATA*
o
&% OoiL GAS OIL OR GAS CUMULATIVE TO
POOL 52| 8 T 1/1/74
=8 2% c|2g|d3 .
®a > | o o] §2|T 0lg | o oil Gas
fres; ) (= c ~ | o < c ..
S= > ) c | o c |22(=8|28] 3 "
[ 9 s{T| 2|7 |[E2|l8B|e8] = Barrels Million
S| 28| 2|3 |5|3552/38 2 .
8 fa) & g o ‘uz) =20lm<glaog! o Cubic Feet
Bita Peak 41N-31E| 1956 1 12,528 2,524,100
Black Rock 40N-29E[ 1971 | 1 3 1 1 439 9,000
) . 35-36N
Dineh-bi-Keyah 29-30E 1967 | 18 1 7 12,671,460 1,520,200
Dry Mesa 40N-28E| 1959 | 2 1 2 499,867 26,500
North Toh-Atin | 41N-28E| 1956 1 289 910.500
Teec Nos Pos 41N-30E/ 1963 | 1 1 105,730 471.300
Twin Falls Creek|41N-30E| 1957 1 622 210.900
Unnamed 41N-30E| 1960 1 750 385.770
Unnamed 40N-29E| 1961 1 6,173 6.310
Walker Creek 41N-25E| 1963 1 98,431
Total | 14,140,034 | 14,375.680

* Incomplete records for some wells
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an anticline with more than 1,300 feet of closure, but the oil accumulation
is controlled primarily by stratigraphy (McKenny and Masters, 1968).

The pools listed in Table 3 have produced a known total of 14,140,034
barrels of oil and 14,375.68 million cubic feet of gas. The gross value of
the produced hydrocarbons was approximately $44,000,000 as of January 1, 1974.

CONCLUSIONS

With the exception of a few relatively small areas, there have been no
well-planned and efficiently-executed exploratory programs in northern
Arizona. This part of the state has many large unexplored or incompletely
explored areas having the basic factors normally considered requisite for
oil and gas accumulation. Numerous shows of oil noted in igneous sills
intruded into rocks of Paleozoic age in the northeastern corner of the
state suggest the possibility that there are other 'non-normal' oil accu-
mulations similar to the one at Dineh-bi-Keyah. Northern Arizona can be
considered as an attractive unexplored onshore area offering potentially
large accumulations of oil from a variety of traps in Paleozoic rocks. The
possibility of accumulations existing in lower Triassic rocks should not be
fully discounted, as minor shows of oil have been noted in a few wells.

REFERENCES CITED

McKenny, Jere W., and Masters, John A., 1968, Dineh-bi-Keyah field, Apache

County, Arizoma: Am. Assoc. Petroleum Geologists Bull., v. 52, p. 2045-
2057.

Peirce, H. Wesley, Keith, Stanton B., and Wilt, Jan Carol, 1970, Coal, oil,

natural gas, helium, and uranium in Arizona: Arizona Bureau of Mines
Bull. 182.

Peirce, H. Wesley, and Scurlock, James R., 1972, Arizona well information:
Arizona Bureau of Mines Bull. 185.

Scurlock, James R., 1973, Arizona well information, Supplement l: Arizona
0il and Gas Conservation Commission,



