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COAL IN ARIZONA

By A. C. RUBEL

The matter of coal as an economic resource of the State of Arizona
has received little more than passing interest, but it is a subject that is
worthy of serious consideration. With the vast production of metals
forming the basis of the mineral output, the addition of coal as a
resource has not been considered of sufficient importance to warrant
any extensive developments, or indeed any thorough prospecting of
the coal region contained in the state. Consequently, we do not know
with any degree of accuracy just what the possibilities are, but we do
know that there are coal deposits of considerable value and extent in
at least three parts of the state.

That these deposits existed has been known for a number of years,
but their exploitation has not been undertaken for several reasons-
the growth of the country has not been along manufacturing lines
where a cheap source of fuel was a necessity; the proximity and the
ease of securing fuel from the Gallup fields of New Mexico has made
the price of fuel low enough to satisfy the demands; the isolation of
the coal districts is such as to make development very expensive. In
the face of these reasons there is little likelihood of any further activ-
ity for a number of years to come, but with increased population,
increased manufacturing and increased demand for power, these ne-
glected portions of Arizona's mineral resources may be a source of
great wealth. There are two ways in which this is most likely to
come about; one through the demands of the copper smelters for fuel,
and through the demand of the industries for power.

GENERAL OCCURRENCE
Coal is the product of organic decomposition of an old geologic age

and occurs overlain and underlain by rocks of sedimentary origin,
such as shales, limestones and sandstones. Its value as a source of
fuel depends on several factors given as follows;

1. Quality and quantity. Is it of a grade which will be market-
able for fuel or coking purposes, and of sufficient extent to warrant
extensive development necessary for its production?

2. Position and geology. Is it so placed as to be economically
mined and has it the proper overlying and underlying formations to
enable mining to be carried on cheaply?

3. Location. Is it near any railroad or does it justify the con-
struction of one. Can it produce in competition with other mines
near it?
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4. Economic conditions. Are there available local markets, avail-
able labor at a price consistent with commercial production, methods
of shipping, etc.?

All of these points and many more enter into the location and de-
velopment of a coal field, and it is because' of them that those of this
state are not developed.

COAL FIELDS OF ARIZONA

The following pages taken in part from the U. S. Geological Sur-
vey describe the three coal regions of Arizona.

THE DEER CREEK COAL FIELDS

Location-The Deer Creek coal fields of Arizona are in an isolated
basin of coal bearing rocks situated in the extreme eastern end of
Pinal County. It lies on the south side of the Gila river, just east of
Dudleyville, at the intersection of the San Pedro and Gila rivers.
The field is about 85 miles northeast of Tucson, and its nearest rail-
road is Don Carlos, on the branch road which extends from Bowie to
Globe, on the Southern Pacific. The western end of the field has
connections by wagon road with Florence, Tucson, and points in the
San Pedro valley. The eastern end is accessible from San Carlos
through Hawk Canyon, but there are no roads through the field. The
coal field is located near the center of the great copper producing
region of the state, which extends from Jerome on the northwest to
Cananea, Mexico, on the southeast, and includes the great mining
centers of Bisbee, Globe, Clifton and Morenci.
Description-The region in question lies south of the great Colo-

rado plateau; the surface features consist of general ranges of moun-
tains, trending northwest and southeast, and separated by undulating
valleys. Along the line of the Southern Pacific R. R. these ranges
are comparatively narrow, linear ridges, but north of the Gila river
they show a tendency to coalesce, and the result is 'a rugged country
of which Pinal and Superstition mountains are the best known fea-
tures. Parts of the Pinal mountains or their southwestern exten-
sions, known locally as Mescal mountain, form the eastern limit of
the field, separating the valley of Deer Creek on the west from Hawk
Canyon on the east. The western border 0 fthe field is in a general
way formed by the range of mountains which lie parallel to and east
of the San Pedro valley.
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The topography of the field is varied, but broadly considered, it is
is a topographic basin surrounded on all but the west by rugged coun-
try. The basin is particularly flat in the upper and lower coal fields
which are separated by a more rugged region. The entire field occu-
pies an irregular synclinal basin between the Mescal Range on the
north and an unnamed ridge on the south which separates the basins
of Deer and Ash Creeks. The major portions of the field is drained
by Deer Creek but coal bearing rocks extend to the southwest into
the basin of Ash Creek. The coal measures undoubtedly extend
northwest beyond the Gila River, but they are so broken up and dis-
torted that the coal can be of little value.

The field extends ten or twelve miles in an east and west direction
and has a known breadth of three to four miles in the Deer Creek
basin. As previously stated , the coal bearing rocks are also found
in Ash Creek Basin and it is possible that the coal may extend to the
limestone outcrop west of Saddle Mountain. Coal beds are also
reported as occurring in Hawk Canyon, where the measures appear
to be on the north side of a great broken anticline, forming the Mes-
cal Range, and it seems likely that similar deposits may be found in
the basin of upper Ash Creek and in the Aravaypa Valley to the
southeast.

GENERAL GEOLOGY

Pre-Cambrian Schist-The oldest form of rocks found within this
territory. They occur on Ash Creek above the limestone box canyon
on Gila River below the mouth of Ash Creek.
Cambrian sandstone and shale-These rocks are found resting un-

conformably upon the schists just described, and underlying the great
Paleozoic limestone. The sandstones and conglomerates are known
locally as "quartzite" and have a total thickness of about 850 feet.
Carboniferous limestone-This great limestone mass of about 1,300

feet in thickness foms the most conspicuous geologic feature of the
region, since in almost all cases it forms the boundary wall of the
basin.
Cretaceous sandstone and shale-Resting on the limestone is a series

of greenish grey sandstones and shales which contain the coal and
give the basin its economic importance. At most points these beds
rest conformably upon the Paleozoic limetone, but in the middle field
there is a visible unconformity between the limestone and the overlying
shales and sandstone.

t.



6 drizona State Bureau of Mines

On the southern side of the Deer Creek basin the sandstone and
shale of the coal bearing formation have a thickness of 400 to 500
feet. They are well exposed in the lower field, the material which
form conspicuous features of the topography. In the upper field the
formation consists more largely of shale, and is reduced to a compara-
tively level surface. The workable thickness of this bed has been
estimated as 2,100 feet. On the south side the coal bearing rocks
appear to be much thinner, but it is difficult to obtain an accurate
measure since"they stand almost vertically and run for a long distance
up the slope of the mountain.

In general it may be stated that the whole structure of this region
has undergone, since final adjustment of the great rock formations, a
series of violent volcanic disturbances which have resulted in large
masses of igneous rocks and considerable faulting and disturbances
in the coal measures themselves.

GEOLOGIC STRUCTURE

•

The structure of the Deer Creek field is comparatively simple, con-
sisting of an unsymetrical synclinal trough, the axis of which corres-
ponds roughly to the course of Deer Creek.

The structure of the north side of the basin consists of coal bear-
ing rocks dipping 30 to 60 degrees at the outcrop and gradually de-
creasing until they are almost horizontal at the center of the basin.
This section is greatly ditsurbed, forming folds in the softe rrocks on
which the coal outcrops; Frequent dykes cut the rocks at thse places.

In the Ash Creek Basin the structure is less regular but follows
that of a syncline divided to the southeast by the great lacolithic uplift
on Ash Creek into two shallow basins.

COAL

The existence of coal in the Deer Creek Basin has been known for
at least thirty years, but no commercial development has been under-
taken and little has been published concerning it. The field was dis-
covered in 1881 by one David Anderson, who, with the assistance
of several men, staked out claims and started work of development
on a small scale. This was halted in 1883 by order of the Department
of the Interior, as it was on the ground belonging to an Indian reser-
vation. The boundaries have, however, been changed since then and·
the land is open to development.
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A committee was appointed by the Secretary of the Interior in
1885 to examine this coal field, but at this time apparently only the
upper field was known, as their report deals almost entirely with this
region. Extractions from the report are as follows:

The strike of the beds average N 70 W, the dip 65° at the sur-
face to 80° 100 feet below. In the tunnel which cuts two 0 fthe best
beds thus far opened, the coal appears in thin layers inter-bedded with
bituminous shales.

"A section gave the following:
1. Black bituminous, shaly coal of no value, 3 ft, no inches.
2. Clear bituminuos coal - 0 ft., 10 inches.
3. Bituminous shale-coal parting 4- ft., 12 inches.

Since this report the other fields have been prospected on the north
side of the basin, viz., the middle and lower fields. There are no sharp
lines of division between these, but in a general way the upper field
occupies the extreme eastern part of the basin and east of the trail
leading from Manning's ranch to San Carlos. The middle field lies
west of this trail and is separated from the lower by lava capped
knolls.

In general, the whole region, though staked and prospected, has
had practically no development, due to lack of accessibility. The coal
as a rule is of rather narrow seams and is of fair quality, showing
great crushing power and poor conditions for mining.
. The following are typical sections:

Sections in upper field at outcrop.

Coal good)
Coal and shale
Sandstone
Carbonaceous shale
Coal (crushed) -

Oft., 8% inches
- 2 ft., 4- inches

Oft., 3 inches
- 0 ft., 11 inches
- 0 ft., 9 inches

Lower field sections.

Sandstone (coarse) 100 ft., 0 inches
Shale - - 37 ft., 0 inches

(1. Coal (hard) 2 ft., 11 inches
Coal (2. Coal (crushed) - - - 2 ft., 11 inches

(3. Coal or shale (crushed) - - - 2 ft., 11 inches
Shale - - - - - - - - - - - 20 ft., 0 inches
Shale and sandstone - - - - - - - 50 ft., 0 inches
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(1. Coal shale - - 2 in. )
(2. Sandy parting - - - - 2 in.)

Coal (3. Coaly shale - - - - - 4 in.) 1 ft., 7 inches
(4. Sandy parting - 3 in.)
(5. Coal (very hard) 8 in.)

Sandstone and shale - - - - - - - 30 ft., ° inches
(1. Carbonaceous shale 6 in.)

Coal (2. Sandstone - - - 3 in.) 1 ft., 11 inches
(3. Coaly shale - - 14 in.)

Shale - - - - - - - - - - - - 15 ft., ° inches
Sandstone - - - - - - 2 ft., ° inches
Shale - - - - - - -3 ft., ° inches

(1. Carbo shale - - 6 in.)
Coal ( ) 2 ft., 0 inch

(2. Coal - - - - 180 in.)
Carb shale

One of the greatest demands for fuel in this country is for coke to
supply copper smelters. In the early days this was brought in at
prices as high as $50 a ton, but increased railroad facilities from Colo-
rado have reduced it as low as $10 per ton. The commercial value of
Deer Creek coal depends on whether it can produce a coke suitable
for use in copper smelters.

Resume

From the foregoing facts regarding the Deer Creek Basin it seems
safe to assume that there are two beds of workable thickness through-
out the greater portion of the region. The basin is about three by
ten miles, containing 30 square miles. The beds are thin, varying in
thickness from 24 to 30 inches within the workable limits of the
seam. Tonnage based on 30 square miles and 24 inches, with 50 per
cent available, is 30,050,000 tons.

The coal is fairly well disposed for mining, except in regions of
local disturbance, which are usually manifest at the surface and thus
may be avoided.

The coal is, in a general way, of two qualities-the first is a hard
block coal, adaptable to transportation, commercial use and coke. The
second is soft, badly crushed, carries heavy ash and is of little use for
marketing, although it offers great possibilities for the manufacture
of gas.
Analysis:-

From 10 inch. seam in upper field.
Moisture - - - - - - - - - 60.85 per cent
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Moisture -
Volatile combustible matter
Combined carbon - - - - - -
Ash (pink in color) - -
Coke - - -

From Reed shaft in lower field.
Moisture
Volatile combustible matter
Ash (almost white) -
Fixed carbon
Sulphur - -
Silica in ash
Coke -

- - 0.56 per cent
17.50 per cent
60.85 per cent
21.09 per cent

fair

1.22 per cent
28.80 per cent
43.74 per cent
26.24 per cent

169 per cent
48.3 per cent

Dull-not swollen-coherent

THE BLACK MESA COAL FIELD

For a number of years it has been known that coal beds of good
workable quality were present in and around Black Mesa in the Hopi
and Navajo Indian reservation in Coconino, Navajo and Apache
counties of Arizona, but not until 1909 was any attempt made to
determine their value. At that time a reconnaissance was made by
the Geological Survey with the results herein embodied. Briefly, the
report shows that the deposit is of considerable tonnage and of quality
equal to that of the Gallup field of New Mexico.

LOCATION

Black Mesa, which is nearly coextensive with the coal field, is
largely within the Hopi Indian reservation lying west of the Chinlee
Valley, south of Marsh Pass, east of Tuba and generally north of the
Hopi villages of Walpai, Mishongnovi and Drabi. Outliers, how-
ever, extend farther north, especially between Keams Canyon and
Ganado and betweenOraibi and Tuba.

At present the field is difficult of access. The Santa Fe, which is
the nearest railroad, lies 70 to 90 miles south. Tuba can best be
reached from Flagstaff, 90 miles distant, but this journey involves
crossing the Little Colorado River, which is difficult on account of
its quicksands, Oraibi is reached from Canyon Diablo, Sunshine or
Winslow, a distance of 60 to 75 miles.
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TOPOGRAPHY

As the name implies, the coal field lies almost wholly on a mesa
which is the most conspicuous feature of the topography of the region.
Its general altitude runs from 6000 feet at the south to 8000 at the
north and from 500 to 2000 feet above the general level.

STRATIGRAPHY

The coal bearing rocks of the Black Mesa field are similar to those
of the Gallup, N. Mex. region, sections showing the following analy-
sis:

Section at Chilchivito Spring.

Shale and limestone, containing several coal beds - 200 ft.
Sandstone-massive yellow-gray form prominent (est.) 60 ft.
Sandstone and shale with coal beds - - 60 ft.
Sandstone (yellow-white) 40 ft.
Shales (black, olive and yellow) - 300 ft.
Sandstone (brown calcareous) - - - - 6 ft.
Sandstones, shales and conglomerates - - - - - 172 ft.

Total - - - - - -

Section 2 miles west of Oraibi

898 ft.

Sandstone with conglomerate lenses
Shale (buff) - - - - - - - - - - - - -
Sandstone (coarse) - - - - - - - - -
Shale (olive)
Sandstone (brown) - - - - - - -
Shale (brown) - -
Sandtone (coarse grey) - - - -
Sandstone (coase brown)
Shale and coal - - - - - - - -
Sandstone (white) - - - - - - -
Shale (yellow to olive) - - - - - -
Sandstone (massive) - - - - - - - - - -
Shale.

The structure of the entire district is simple, being a very flat, open
synclinal basin, sharply upturned along the northwest side, but so
flat along the other side that basin character is scarcely suggested. It
is probable that the floor contains minor wrinkkles and faults, but no
investigations have been made to determine.

10 ft.
3 ft

15 ft.
14 ft.

4 ft
6 ft.

20 ft.
10 ft.
40 ft.

100 ft.
30 ft.
27 ft.
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COAL BEDS

The coal appears mostly in two main groups, one in shale overly-
ing the Dakota limestone and one in the uppermost formation.

The best exposure of the beds in shale are 14 miles southeast of
Tuba, where coal is taken to supply the Indian school. A section
shows the following:

Shales (sandy - - - - - 4 feet
Shale (calcareous) 6 feet
Coal - - - - 7 feet
Shale (brown) - - - - 6 feet
Coal in partings, 6 to 24 inches, - - -15 feet
Sandstone and shale - - - - 14 feet

52 feet

The lower of the above beds is in benches too thin for much use.
The upper shows a section as follows:

Coal ft., 4 m.
Shale 2 m,
Coal 8 m,
Bone 1 m.
Coal ft., 2 m.
Bone ~ m,
Coal 3 ft., 6Yz m.

Exposures of these horizons occur in several other places in the
field, notably at Blue Canyon, Red Lake and other places, indicating
that coal is continuous between.

COAL IN UPPER FORMATION

Coal was observed on the cliff two miles northwest of Oraibi rest-
ing in a sandstone cliff covered with debris. The seam appears about
four feet in thickness. A section on the west side of Second Mesa,
four miles east of Oraibi where a mine has been opened for the Indian
school shows:

Sandstone -
Shale
Coal
Bone - - -

15 ft.,
2 ft.,

11
5

m.
m.
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Coal
Bone -
Coal -

1 ft., 8 10.

30 10.

1ft., 5 10.

Coal bed 4 ft., 80 in.
At Keems Canyon a mine is operated to supply the Indian School

and consists of several 300 ft. entries which supply local consumption.

WAULITY OF COAL

In appearance the coal resembles the Gallup coal, belonging to the
lower or subbituminous class, a high ash being its chief drawback.
The available tonnage is estimated at about 8,000,000 short tons.

COAL DEPOSITS NEAR PINEDALE, NAVAJO COUNTY

Prospect work in this region shows two coal beds from 10 it~-is
feet apart, the upper reaching a maximum thickness of 12 feet, the
lower, 3 feet. The upper is a very dirty deposit while the lower is
fairly clear and of good subbituminous quality.

The beds occur in an erosion outlier of upper Cretaceous strata
which caps the dividing ridge between the Little Colorado and Salt
Rivers. The strata shows a maximum thickness of 500 feet. The
coals are underlain by the reddish, shaly sandstones of the Paleozoic
age.

CONCLUSION

Since the' coals of Arizona are not of any high grade and are not
apt to warrant any extensive shipments to the outside, it is safe to
assume that little extensive work will be undertaken at least in the
immediate future, but with the ultimate decline of the New Mexico
fields as a source of coke and the possibilities of the utilization of the
lower grade coals for gas manufacture, there is a possibility that the
hitherto neglected part of the state's resources will some day prove
itself of great value.


