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Abstract

More than 4800 qualitative and quantitative
tests were conducted on New Mexico shales to
determine the presence of commercial deposits
of oil shale. To date, this testing has not re-
vealed any extensive deposits of this type.
Testing was restricted to gray and black shales
that occur in quantity only in rocks of Devo-
nian, Pennsylvanian, Cretaceous, and Tertiary
ages. Low-yield deposits of oil shale were

found in Pennsylvanian shales, particularly
near Abo Pass; in the Cretaceous Mancos Shale
at Carthage and in the northwestern part of the
San Juan Basin; in the Cretaceous Graneros

Shale near Springer; and in the Tertiary Raton
Formation near Raton. Additional testing of
these intervals and of the gray to black shales
exposed in southwestern New Mexico is needed
to complete an oil shale evaluation of the state.



Introduction

Oil shale is a fine-grained sedimentary
rock that will yield a petroleumlike substance
by destructive distillation. Other bituminous
rocks that contain soluble hydrocarbons and
that will yield oil by heating, such as asphaltic
sandstones and bituminous limestones, are not
included in this report, as well as shales con-
taining crude oil that may be extracted by con-
ventional drilling and production methods.

The organic matter in oil shale generally
is referred to as kerogen and consists mostly
of aquatic plant algae of high-molecular-weight
hydrocarbons containing nitrogen, oxygen, and
sulphur. Upon heating, the organic matter in
the shale converts to a soluble bitumen over a
wide range of temperatures beginning at about
200 C. Vapors emitted at approximately 3502
C condense to form a highly viscous liquid that
may be refined to produce gasoline, kerosene,
fuel oil, asphalt, waxes, and other petroleum
products.

Oil shales range from black to brown and
yellow, plus various shades of gray. They may
be massive, with a conchoidal fracture, or
they may consist of fissile, "paper, " shales.
Some have a waxy luster; others are dull and
stony in appearance. Some oil shales are not
true shales but consist largely of calcium and
magnesium carbonates. Some oil shales are
intimately associated with coal beds, such as
those in Spain, Scotland, France, and Austra-
lia; others, such as those in the United States,
Estonia, and Sweden, are not. Beds of oil shale
occur in rocks representing almost all the geo-
logic ages. Deposits in Sweden are Cambrian
or Silurian in age; some beds in Canada are
Devonian; in Brazil, Permian; Austria, Tri-
assic; Germany, Jurassic; Israel, Cretaceous;
and the United States, Tertiary.

With the exception of a small amount of
production in the eastern United States during
the late nineteenth century, shale oil has not
been produced commercially in this country.
This production ceased when drilling provided
an inexpensive method for the extraction of
liquid hydrocarbons. The cost difference be-
tween conventional oil and shale oil has de-

creased in recent years as the result of techni-
cal advances in the mining and retorting of oil
shales and the increased cost of locating new
and deeper reserves of conventional oil.

For many years, the production of shale
oil has been an important industry in countries
that have only small reserves of, or are lack-
ing in, deposits of conventional oil. Shale oil
is being produced in several countries in
Europe; other countries have made plans to
build retorts and refineries. Present produc-
tion is not sufficient to meet the petroleum de-
mands in any of these areas, and importation
of oil from the Near East has curtailed the
domestic production of shale oil in recent
years. Nonetheless, the possible importance
of oil obtained from shale cannot be over-
looked, particularly in those countries where
the supply of crude petroleum cannot meet
present or future demands and where political
problems endanger the free flow of oil. The
important known deposits of oil shale occur in
Australia, France, New Zealand, Russia,
Sweden, Germany, Estonia, Republic of South
Africa, Scotland, Thailand, Spain, Manchuria,

iICanada, Brazil, and the United States.

ration in the United States has been limited
mostly to an exhaustive study of the Green
River Formation in Colorado, Utah, and
Wyoming. From a technical and exploratory
standpoint, these deposits probably have been
studied more closely than any in the world.

Known oil shales range in oil yield from a
trace up to 200 gallons of oil per ton of shale.
The highest yields come from thin beds of tor-
banite in Australia. The richest deposits in
Europe are found in Estonia, where yields of
90 gallons a ton have been reported. Deposits
in Scotland, worked for many years, average
26 gallons a ton; France, from 15 to 30; Thai-
land, 70; Brazil, 18 to 100; Manchuria, 25 to
50; New Zealand, 46; Spain, 5 to 40; and
Sweden, 20 (Guthrie and Klosky, 1951;
Kraemer, 1950; Kraemer and Thorne, 1951;
Jaffe, 1962; and Thorne and Kraemer, 1954).
Exclusive of the Green River Formation (aver-
age yields from 20 to 40 gallons a ton), oil



yields up to 70 gallons a ton have been reported
from rocks of Devonian, Mississippian, Penn-
sylvanian, Permian, and Upper Cretaceous
ages in states in the Rocky Mountain area
(Winchester, 1923).

There are no known oil shale deposits in
New Mexico, but until the past few years, there
was no active exploratory program in the
state. The only published reference concerning
oil shale is by Winchester (1933), who stated,
"A small sample of black shale from the upper
part of the Magdalena formation 'near Scholle’,
...was subjected to distillation and found to
yield oil at the rate of 41 gallons a ton. This is
exceptionally rich for shales of Pennsylvanian
age. Several of the black shale beds of the
section were tested by the writer and found
capable of yielding oil on distillation.” In 1961
a limited exploratory program was begun by
the New Mexico Bureau of Mines and Mineral
Resources. Additional support was given this
project in 1963 by the State Planning Office.
Since the project was initiated, 'more than 4800
qualitative and quantitative tests have been
conducted on New Mexico shales. Results of
these tests were negative. However, because
of the present exploratory interest in oil shale,
publication at this time of the completed test
data seems advisable. Considerable investi-
gative work remains to be done; hopefully, du-
plication of effort can be avoided with the
release of this information.

Shale is the most abundant rock type that
occurs in New Mexico. Even if limited to gray
or black shales, the task of sampling and test-
ing every likely section becomes a major
undertaking. The most rapid method for eval-
uating the oil shale potential of an area is by
the testing of well cuttings. This is done by
selecting a few chips from favorable sample
intervals, placing the chips in a test tube, and
heating over a Bunsen burner. Vapors and
condensation that occur are examined for
amount and color. Yellow to brown vapors and
similarly colored droplets on the walls of the
tube indicate the presence of distillable oil in
the shale. Quantitative tests of favorable zones
were made by heating surface samples of shale
in a modified Fischer retort similar to that
used by the U. S. Bureau of Mines (Stanfield
and Frost, 1949). A refrigeration system for

use in cooling the gas condenser was not avail-
able, and reported oil yields are considered to
be below the maximum obtainable with this
equipment. Quantitative tests we re conducted
primarily on shales that appeared favorable,
based on the information from the qualitative
tests. Additional surface samples were col-
lected in areas remote from oil tests or where
particular parts of the stratigraphic section
had not been penetrated in drilling operations.
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Test Results

Shales that are potential sources for oil in
New Mexico are restricted almost entirely to
rocks of Devonian, Pennsylvanian, Cretaceous,
and Tertiary ages. Sampling and testing for
this report have been limited to these strati-
graphic intervals.

DEVONIAN

The outcrop distribution of Devonian rocks
is shown in Figure 1. Exposures are re-
stricted to various ranges in the south-central
and southwestern parts of the state. Of par-
ticular interest are the exposures in the Black
Range, and the Peloncillo, Big Hatchet, San
Andres, and Sacramento mountains. Devonian
shales underlie, but are deeply buried in,
southeastern and northwestern New Mexico.
Where exposed, the interval is thin and out-
crops are limited to steep slopes beneath thick,
resistant Mississippian limestones. Because
of the narrow outcrop belt and thick limestone
caprock, underground mining would be neces-
sary. Unless yields were exceptionally high,
it is doubtful that these shales would be of
commercial importance.

Sampling was limited to two localities in
Sierra County. Both sections consist of light-
gray and pale-olive, silty, calcareous shales
interbedded, in the upper part, with nodular
limestones. These beds are similar to the
upper unit or Box Member of the Percha Shale.
At locality 88-1 in the Mud Springs Mountains
beds of this type are all that are present. In
the Black Range, the lower unit, or Ready Pay
Member, crops out in the vicinity of Kingston.
This unit consists of black fissile shale con-
sidered typical of the Percha. Samples col-
lected in the Black Range at locality 99-1 were
from incomplete exposures of the Box Member;
the Ready Pay Member has not been tested for
this report.

Qualitative tests conducted on the 33 sam-
ples collected in the two areas failed to reveal
the presence of any distillable oils (table 1).

Further testing of the Devonian in southwestern
New Mexico is warranted but probably should
be restricted to the dark-gray shale intervals.
Testing of oil well cuttings east and south of
the Sacramento Mountains would be of value in
determining the potential of these shales in the
south-central part of the state.

PENNSYLVANIAN

Rocks of Pennsylvanian age underlie most
of New Mexico, being absent only over such
late Paleozoic features as the Pedernal, Zuni,
Florida, and Sierra Grande uplifts. In most of
eastern and western New Mexico, these rocks
are buried beneath thick sequences of younger
Paleozoic, Mesozoic, and Cenozoic sediments.
Extensive outcrops occur in the major north-
south-trending ranges in the central and south-
western parts of the state, including the Sangre
de Cristo, Nacimiento, Sandia, Manzano, Los
Pi?Cos, Ladron, Caballo, Fra Cristobal, Sac-
ramento, San Andres, Oscura, Black, Big
Hatchet, and Peloncillo ranges. Exceptionally
thick shale intervals are found in the south-
eastern foothills of the San Mateo Mountains
and west of Mora in the Sangre de Cristo
Mountains. The total Pennsylvanian section
ranges in thickness from a few hundred to
more than three thousand feet and is composed,
predominantly, of an interbedded sequence of
marine shales and limestones. In much of
central and northern New Mexico the interval
has been subdivided into two formations; the
Sandia below and Madera above. The Sandia
Formation consists of light to dark gray, com-
monly carbonaceous shale, interbedded with
gray and brown sandstone, and dark-gray fos-
silifrous limestone. Very thin, impure coal
beds occur in this part of the section in some
areas. The Madera Formation includes two
members, a lower Gray Limestone and an
upper Arkosic Limestone. The lower member
is composed of light to dark gray fossiliferous,
cherty limestone, thin beds of light to dark






TABLE 1. TESTS CONDUCTED ON DEVONIAN SHALES



gray shale, and minor sandstone. The upper
member consists of a complex sequence of
shale, limestone, sandstone, and arko se .
Shales in this unit range in color from gray to
green, red, and purple.

A total of 1666 shale samples was collected
from wells and outcrops. The samples were
subjected to 169 quantitative and 2176 qualita-
tive tests. As can be seen in Figure 2, almost
all the testing completed thus far is on samples
from sections in the northern and central parts
of the state. Results of tests of surface sam-
pies were not encouraging (table 2). Traces of
oil were obtained from a few of the shales at
localities in the Manzanita Mountains (42-6), at
Bishops Cap (113-2), and west of Mora (20-4).
These traces occurred in both the upper and
lower parts of the Pennsylvanian sequence.
Between 1 and 5 gallons of oil per ton of shale
were distilled from samples in the Sandia For-
mation near Lamy (31-1). The oil was obtained
from highly carbonaceous shales containing
thin coal seams. Faint traces of oil were
found in shales from well samples in San
Miguel County, east and south of the Sangre de
Cristo Mountains (44-1 and 32-2), but the in-
tervals were thin and occurred at different
parts of the section.

Careful sampling and testing were con-
ducted on the shales in the Abo Pass area (65-1
and 66-1) where oil shales were reported to be
present in the Madera interval by Winchester
(1933). No indication of oil was obtained from
tests run on the surface samples, but qualita-
tive tests on well cuttings from this area and
from west of the Ladron Mountains indicated
the presence of a fairly thick interval of possi-
ble oil shales in the Sandia Formation. In the
Spanel and Heinze No. 1-9608E Santa Fe test
(52-1), fairly heavy condensation of oil was
noted in the lower part of the Madera Forma-
tion and throughout the Sandia Formation. In
the Eidal No. 1 Mitchell test (54-3) drilled east
of Abo Pass, considerable brownish vapors
were emitted along with a fair amount of oil
condensation from the Sandia interval. Minor
traces of oil also were observed in the lower
part of the Arkosic Limestone Member in this
well. Shales in the Sandia Formation do not
crop out in the southern Manzano Mountains,
so in order to test the oil indications from the

well samples, surface sampling was conducted
in the Joyita Hills and Lemitar and Ladron
mountains. The dark shales in the Joyita Hills
(65-2) proved barren, as did similar shales
from the Lemitar (65-4) and Ladron (64-2)
mountains. Apparently, the yield is low and
most of the organic material near the surface
has been removed. Other minor indications of
oil were found in cuttings from wells drilled on
the east side of the Manzano Mountains (54-6)
and north and west of the Oscura Mountains
(78-1 and 78-2).

Based on tests of surface and well sam-
ples, there appears to be little possibility of
finding thick, high-yield oil shales in the Penn-
sylvanian section. To fully evaluate the poten-
tial of this interval, some testing should be
conducted on shales from the Nacimiento
Mountains and from the ranges of southwestern
New Mexico. Before making a definite state-
ment regarding the shales of the Abo Pass
area, it would appear to be necessary to core
this section and conduct quantitative tests of
unweathered material. Whether or not this is
warranted from the fragmentary information in
the literature and from tests of well samples is
problematical.

CRETACEOUS

By far the most extensive outcrops of gray
to black shales occur in beds of Cretaceous
age. Upper Cretaceous shales are thick and
underlie large areas in the northwestern and
northeastern parts of the state (fig. 3). Other
important exposures are found south of Santa
Fe, around Capitan in Lincoln County, and east
of the Caballo Mountains in Sierra County.
Lower Cretaceous shales crop out in several
ranges in the southern part of the state. Fairly
complete testing of Upper Cretaceous shales
has been done in the San Juan Basin and in
Colfax County. Limited testing was conducted
on shales exposed south of the Zuni Mountains,
in Santa Fe County in the vicinity of Madrid and
Cerrillos, and at Carthage southwest of Soco-
rro.

Complete outcrop sampling of all the
shales present in the Cretaceous interval in the
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TABLE 2. TESTS CONDUCTED ON PENNSYLVANIAN SHALES (cont)
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TABLE 2. TESTS CONDUCTED ON PENNSYLVANIAN SHALES (cont)
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San Juan Basin would be virtually impossible.
A continuous sequence of shades cannot be col-
lected at any locality, and each part of the sec-
tion should be sampled at several places to
evaluate the potential of such a large area.
Surface samples were collected from incom-
plete exposures of the Dakota, Mancos, Cre-
vasse Canyon, Menefee, and Fruitland forma-
tions. These tests were negative (table 3) with
the exception of a little more than 1 gallon of
oil per ton of shale from the lower part of the
Mancos Shale west of Shiprock (1-3). When
placed in a furnace at 1800AF, shales from
this locality burned for a short period of time.
Qualitative tests of well cuttings from the Gulf
No. 1 Blackrock Federal "C" test (14-1) in San
Juan County showed fairly strong oil condensa-
tion in the lower part of the Mancos.

Surface sampling of the Cretaceous section
of northeastern New Mexico has been fairly de-
tailed with the exception of the thick Pierre A
Niobrara shales. Qualitative tests were made
on these formations from well cuttings. Al-
though each part of the sequence has been
tested in a vertical sense, considerable sam-
pling of individual units over the outcrop area
would be necessary to complete evaluation of
the area.

Qualitative tests of well cuttings, all in
Colfax County, indicated traces of oil in the
Carlile and Graneros shales. From sixteen
surface samples of Carlile Shale (10-5), traces
of oil were obtained from two. All ten samples
of Graneros Shale (22-1), tested in the Fischer
retort, yielded slightly less than 1 gallon of oil
per ton of shale. Although this is a negligible
amount, the fact that the Graneros appears to
contain some kerogen over a fairly large area
suggests that additional testing of this interval
is in order.

Slight amounts of oil were found in Cre-
vasse Canyon, Gallup, and Mancos shales in
the Huckleberry No. 1 Federal well (62-1) in
Catron County. No traces of shale oil were
observed in tests conducted on samples,
through the same intervals, in the Spa.nel and
Heinze No. 1-9609 test (51-1) in the eastern
part of the same county. At Carthage, traces
of oil were obtained from six surface samples
of the Mancos Shale and from most of the
seventeen samples of Mesaverde shales (77-1).
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The Mesaverde shales are highly carbonaceous
and normally contain thin seams of coal. A
sample of waste material from one of the coal
mine dumps yielded 9.5 gallons of oil per ton
of shale.

Based on the present data, the possibilities
of finding high-yield oil shales in the Creta-
ceous appear remote. Additional testing should
be conducted on the lower part of the Mancos
Shale in the San Juan Basin and on the Gran-
eros Shale in northeastern New Mexico. Minor
amounts of oil were obtained from other parts
of the Cretaceous section in these areas, but
intervals were thin and do not appear to have
any lateral continuity as far as oil yield is con-
cerned. To complete testing of shales of this
age, some sampling should be done of both
Upper and Lower Cretaceous rocks in southern
New Mexico.

TERTIARY

Rocks of Tertiary age are exposed through-
out most of New Mexico, but only in the central
part of the San Juan and Raton basins (fig. 3),
and in small exposures in the Sierra Blanca
and Caballo Mountains areas are they of in-
terest from the standpoint of oil shale. In
these areas, green, dark gray, and brown
shales are interbedded with red and purple
shales, gray and yellow sandstones and con-
glomerates, and, locally, as in the Raton
Basin, coal beds.

Surface samples of probable Tertiary
shales were collected in the Raton area
(table 4). From twenty-three samples of the
Raton Formation exposed on the east side of
Maloya Dam (10-2), yields of from 4.2 to 8.6
gallons of oil per ton of shale were obtained
from four samples. The shales are highly
carbonaceous and contain fragments and thin
seams of coal. Samples collected west of
Raton (10-3) yielded only traces of oil from
shales lithologically similar to those at Maloya
Dam. Shales from well cuttings in the Raton
Formation were tested qualitatively from one
well (9-3); only minor traces of oil were ob-
served.

Tertiary shales in the San Juan Basin were
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TABLE 3. TESTS CONDUCTED ON CRETACEOUS SHALES



TABLE 3. TESTS CONDUCTED ON CRETACEOUS SHALES (cont)
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TABLE 3. TESTS CONDUCTED ON CRETACEOUS SHALES (cont)
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TABLE 4. TESTS CONDUCTED ON TERTIARY SHALES



examined qualitatively using oil well cuttings
from five widely spaced wells. A good indi-
cation of oil was noted from a thin interval in
the Doswell No. 1 ScottAFederal test in Rio
Arriba County (4-3) and very slight traces of
oil from a fairly thick sequence in the Reynolds
No. 1 D Jicarilla well (16-1) in Sandoval
County.

Based on present testing, the possibilities

21

of finding appreciable amounts of oil shale in
the Tertiary section do not appear good. Sur-
face testing in areas near the qualitative indi-
cations from well cuttings is necessary. Ter-
tiary sequences containing gray shales east of
Carrizozo and near Elephant Butte have not
been tested but do not appear promising be-
cause of the thin shale intervals and inter-
bedded sandstones and conglomerates.
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