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Preface

In their vast reservation, the size of West Virginia, some 70,000 Nav-
ajo people try to wrest a livelihood from the austere and arid, yet vividly
beautiful, land. In any geographic classification, this region in northern
Arizona and New Mexico would be considered submarginal for human
occupation and advancement. Necessarily, innumerable human problems
arise in such an environment, but most of them go back to that of
increasing the productivity of the land and utilizing every resource to
provide employment and a higher standard of living for these people in
their own area.

In response to vigorous portrayal of this need, the Congress in April
1950 passed Public Law 474, generally known as the Navajo-Hopi
Rehabilitation Act, "to make available the resources of their reservations for
use in promoting a self-supporting economy and self-reliant communities,
and to lay a stable foundation on which these Indians can engage in
diversified economic activities and ultimately attain standards of living
comparable with those enjoyed by other citizens . . ." The Act authorized
appropriations of $88,570,000 to be expended over a period of 10 years. Of
this amount $500,000 was set aside for "surveys and studies of timber, coal,
mineral, and other physical and human resources . . ." The Secretary of the
Interior was directed to undertake the program authorized by the Act. The
work, under the annual appropriations made thus far, is administered by the
Bureau of Indian Affairs.

In order to carry on the mineral survey, the Bureau of Indian Affairs,
under authorization from The Secretary of the Interior, in the late spring
of 1952 negotiated contracts with the University of Arizona and with the
Board of Regents of the New Mexico Institute of Mining and
Technology. In the latter contract the State Bureau of Mines and Mineral
Resources, a division of the Institute, was directed to make a thorough
mineral resource study of a specified area of 483.6 square miles, now
known as Fort Defiance and Tohatchi quadrangles, on the border of
Arizona and New Mexico, and to provide a geologic map and published
report.

The scientists and engineers of the State Bureau of Mines and
Mineral Resources have undertaken the tasks imposed by the contract
with the energy and zeal that the spirit of the Act calls forth. They have
worked with the Navajo people, as well as with the personnel of the
Bureau of Indian Affairs, and have had constantly in mind as their
objective all possible assistance to the Navajo people.

In line with the long-range viewpoint, as well as with immediate
practical application, the State Bureau staff has endeavored to find and
evaluate all possible mineral resources whether or not they may have
current use or market. The carefully prepared geologic map and geologic
descriptions and interpretations should serve as a guide to this area both
now and in the future, no matter what turns the economy and the genius
of our country may take. The authors have attempted



xil NEW MEXICO BUREAU OF MINES & MINERAL RESOURCES

to arrange the information in their report in such a way that parts needed by
nonscientists can be understood by them, whereas the technical parts
necessarily are written in the language of the scientists and engineers who may
use them. No current standards of technical excellence have been sacrificed in
this endeavor.

Eugene Callaghan



Nontechnical Summary

The Navajo people, living as close as they do to the earth, have a
comprehension of geologic features and earth materials that might surptise
the casual visitor. This is illustrated by the glossaty of Navajo geologic terms
appended to this volume. Navajos make excellent prospectors; they know
their neighborhood thoroughly and, if shown samples of the desired
substance, they can report quickly if it is exposed in their area. For this reason
the writers feel that the material in this report on Fort Defiance and Tohatchi
quadrangles is not so far removed from the people it is intended to serve as
the uninitiated might think.

Following a brief introduction, this report first provides the economic
data on mineral resources, including metals, nonmetals such as clay or sand,
mineral fuels, and ground water. Second, the report provides a complete
discussion of the geology, the succession of rocks from the oldest to the
youngest, as well as their distribution through the area, and their influence on
the scenery or topographic expression. Last, it includes special reports on
certain scientific contributions, as well as statements on such things as
climate, and tabular data that might interest certain readers.

Aside from widely distributed uranium and vanadium deposits, as well as
minot coppet, the Colorado Plateau, of which the Fort DefianceTohatchi area is
a part, is not noted for its content of the ores of metals, and no body of ore of
consequence was discovered in the course of this survey. Oxides of manganese
were found in noncommercial amounts in a few places, but no uranium minerals
were observed in spite of a few shows by the Geiger countet.

Nonmetals do occur in quantity in the Fort Defiance-Tohatchi area.
Probably the most significant discovety in the course of this work was the vast
quantity of bentonitic shale in the Chuska Mountain area. Shale of this type, if it
has the required physical properties, is widely used for drilling mud in oil and
gas fields. Tests made thus far on a small number of samples show this material
to fall somewhat short of requirements. If suitable material is found, this shale
may have a ready market in the nearby San Juan Basin fields. Sandstone such as
has been used in construction of the attractive buildings at Window Rock is
widespread in the area. Sands that might be used in the manufacture of certain
grades of glass may occur in the area, though all sands tested thus far have
neither the proper size distribution nor the low content of iron required for
clear, high-grade glass. Stone suitable for crushing as road metal is limited
largely to small masses of volcanic rock, though gravels on terraces along U.S.
Highway 666 have been used. Baked shale from the vicinity of burned coal beds
has been used for road-surfacing. Probably the most interesting of all
nonmetallic materials in this area are the brightly colored fragments of the
minerals, garnet (pyrope) and olivine, or peridot, which are found in or near the
remnants of eroded volcanoes. Inasmuch as the host rock in some places is very
similar to the kimbetlite of South Africa which has been noted as a source of
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diamonds, it was natural to hunt rather intensively for these precious stones.
None was found but, since the possibility was publicized during the course of
this study, prospectors have been trenching in Buell Park in a systematic search
for diamonds.

Of the mineral fuels, oil, gas, and coal, only coal as yet has been discovered.
Formations that elsewhere have proved to be reservoirs for oil or gas have been
eroded from the area west of Black Creek Valley. To the east of that valley, the
situation is much more favorable, and a few tests with the drill have been made,
notably in Todilto Park. The possibilities of discovering oil and gas have by no
means been exhausted, and undoubtedly many additional tests will be made in the
future.

Subbituminous coal of commercial thickness and grade (more than 30
inches thick and containing less than 12 percent ash) occurs in Tohatchi
quadrangle east of Black Creek Valley. It was not possible in the time available
for this study to estimate accurately the total amount of coal that might be
recovered in a thorough mining operation, but at least 19 million tons in one
bed more than 30 inches thick and containing an average of more than 11,000
Btu as mined can be expected. Thus adequate fuel for any local industry is
present in the area. Mining of coal from this area for shipment to distant points
cannot reasonably be expected until a major change takes place in the overall
resources and industrial picture of the nation.

In this arid region the problem of water supply is the most acute of all
resource problems. Owing to the dominating altitude (9,000 ft) of Chuska
Mountain, a few short permanent streams do occur in the area, but their flow is
not sufficient to support any extensive irrigation plan. Springs also occur in the
mountain, but ground water drawn or pumped from wells must provide the
bulk of water used in the area. Water occurs in the alluvial fill of some of the
valleys and may be reached by shallow wells. In the eastern part of Tohatchi
quadrangle, ground water is limited to sandstone beds, which may lie at depths
of 1,000 feet or more, and to the surface alluvium. The addition of carefully
located and properly drilled wells could add materially to the available water
supply. Development of springs and the meager surface-water supply to
prevent wastage also would help. Possibilities for increasing the ground-water
supply vary greatly for certain parts of the area, and the reader is referred to the
text of the report for this detailed information.

The entire Navajo countty, vast as it is, is only a part of the great Colorado
Plateau. For the most part this extensive region is characterized by accumulated
layers of sedimentary rocks, sandstones, shales, and limestones, lying upon a
floor of much older rocks which are designated either as igneous (granite, etc.)
or metamorphic (gneiss, schist, quartzite, marble, etc.). The old floor, or
basement, is well exposed in the deep trench of the Grand Canyon, but
elsewhere the sedimentary cover is nearly complete. For the most part the
sedimentary strata or layers are nearly flat, but here and there, in response to
local upthrusts of the earth's crust, they are bulged upward in broad uplifts or
folds. On the margins of these folds the beds may dip or slope away from the
axis of the fold rather steeply (20 degrees or more). Such an uplift dominates the
Fort Defiance-Tohatchi area and is known as the Defiance uplift.
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The axis of this uplift trends neatly north in the western part of Fort Defiance
quadrangle, so that the strata dip to the east and to the west from the central part
of the bulge. At the north end of the uplift, the rocks dip to the north and at the
south end they dip southward. The amount of uplift has been so great that near
the center the basement floor itself is exposed as masses of quartzite in canyons.
To the east the rocks continue to dip easterly for almost the width of Tohatchi
quadrangle, so that successively younger rocks are exposed. However, at the east
edge the eastward dip changes to a gentle westerly dip, producing a fold that is
concave upward and is called a syncline, in contrast to the fold that is convex
upward, called an anticline.

The great succession of stratified rocks shown on the geologic map both in
their distribution and proper order, despite their thickness of more than 11,000
feet, does not represent all of geologic time. In fact, many long periods of time
are represented simply by the contact between layers. However, it usually is
possible to assign ages to the rocks that are in the column. The oldest formation
which lies on the basement rocks is the Cutler, a seties of red sandstone beds
with shale partings; these beds probably were deposited by rivers on broad flood
plains or on coastal plains of the Permian sea which lay to the south. The
Permian is the last of the great periods of the Paleozoic Era; hence, rocks repre-
senting all earlier periods of the Paleozoic are missing. The quartzite is believed
to be earlier than the Paleozoic. The Cutler is followed by the De Chelly, a thick-
bedded sandstone with sweeping inclined stratification, which suggests that it
was deposited as dunes on a coastal plain.

The De Chelly was followed by an unknown interval of time for which
there is no nearby record. The next formation, known as the Shinarump, is a
conglomerate made up of sand and bright, hard pebbles. It belongs to the
Triassic period of the Mesozoic Era, the age of dinosaurs or giant reptiles. This
formation appears over almost the full width of the Colorado Plateau, and
almost everywhere it contains fossil plant remains, mostly swamp plant types,
and the trunks of trees. All these features appear in Fort Defiance quadrangle.

The conglomerate formation is succeeded by more than 1,000 feet of
shales, sands, gypsum, and minor limestone called the Chinle and likewise
assigned to the Triassic. Since this formation consists largely of shale which
weathers down and erodes readily, it commonly occurs in valleys and here
underlies Black Creek Valley. The Chinle also may contain fossil trees, and the
great Petrified Forest of Arizona is in this formation. Commonly the rocks are
variably colored and where well exposed, as in the Painted Desert of Arizona,
they provide colorful scenery.

Four succeeding formations, mainly colored sandstones, provide the vertical
walls and spectacular scenery of the east side of Black Creek Valley and of
Todilto Park. All of these are assigned to the Jurassic or middle period of the
Mesozoic Era. The lowermost, the Wingate sandstone, is a weak formation and
is generally covered. The next formation is the Entrada sandstone, which is over
200 feet thick, and stands out in such prominent cliffs as are shown in the
Frontispiece of this volume (pl 2). This is the familiar sandstone of Window
Rock and Todilto
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Park. The Entrada may be ovetlain by a limestone bed about 15 feet thick,
although the latter may be absent in places. This is one of the prominent
uranium-bearing formations of the Grants area in New Mexico. It is followed by
another colored sandstone, the Summerville, which in turn is overlain by the
Mortrison formation. The Morrison contains two members, the Recapture shale
and the Westwater Canyon sandstone. Elsewhetre in the Colorado Plateau the
Morttison is a prominent bearer of uranium.

The Mortrison is the last and uppermost of the colorful (mainly shades of
red) sandstones that form the cliff slopes on the east side of Black Creek
Valley. In comparison, the succeeding formations are all of drab appearance,
shades of yellow or gray, with dark shale beds. These rocks are all of Upper
Cretaceous age, the last of the Mesozoic periods. The Lower Cretaceous is
missing in this region. The basal Upper Cretaceous formation is the Dakota (?)
sandstone which commonly appears as a dark rim at the top of the succession
of Jurassic sandstone cliffs. It is followed by the Mancos shale which, being a
weak rock, mainly undetlies a valley. The Mancos, which contains marine
fossils, is overlain by a thick succession of sandstones and shales referred to in
this report as the Mesaverde group. The commercial coal seams occur in the
lower part of this group of formations, which are listed separately on the
geologic map (pl 1). The highest and youngest of the Cretaceous formations is
the Tohatchi formation which contains bentonitic clay and which is exposed
on the south and east face of Chuska Mountain. The Age of Reptiles ends in
this area with the Tohatchi shale. Subsequent formations belong to the Age of
Mammals (the Tertiary) and the Age of Man (the Quaternary).

After the deposition of the last Cretaceous formation, the Defiance uplift
was formed, permitting erosion of the upwarp almost down to the present level
of its summit. All rocks—however uplifted, faulted, and folded at the end of
Cretaceous time—were eroded to an almost level surface. Near the close of
Tertiaty time this surface was covered by water-laid sand and shale, and later by
windblown sand, to form the Chuska sandstone, the formation that caps Chuska
Mountain. With the great uplift of the Colorado Plateau and the establishment
of drainage to the sea, the surface marked by the Chuska sandstone was
dissected, and later the present drainage system was established. Erosion has
been continuous in the uplands, but with dimatic changes the valleys were for a
time choked and filled with debris to form valley plains, which again within
historic time are being dissected, with accompanying removal of the valley fill.
Notable features of late geologic history are the great landslides on the east side
of Chuska Mountain. Seemingly, at the close of the last period of glaciation, so
much rain and snow fell in this area that the shale under the Chuska sandstone
was soaked to the extent that sliding of great masses of the sandstone was
facilitated.

Shortly after the deposition of the Chuska sandstone, a group of volcanoes
formed along an east-northeast zone from Fluted Rock at the west edge of Fort
Defiance quadrangle to Beelzebub in Todilto Park. Outside the two quadrangles
there were many more of these volcanoes. Erosion has reduced most of the
cones to mere stumps. However,
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these eroded remnants (such as The Beast or Buell Park) show many very
interesting features and in themselves are striking features of the landscape.

Buell Park is a saucer-shaped depression in sandstone owing its origin to
erosion and removal of a volcanic tuff which is less resistant than the
surrounding rock. Within the depression are ribs and prominences of more
resistant volcanic rock. We may be permitted to reconstruct the history of Buell
Park in this way: Volcanic gases from deep within the earth work their way
upward through the rock. When the weight of the overlying rock no longer can
contain the pressure of the gas, the gas explodes, blasting the rock out of its
path and forming a crater or bucket-shaped depression in the sandstone. As
volcanic activity continues, this broad pit is filled with volcanic debris consisting
of fragments of old rocks brought up from below, as well as with lava and
crystals from the igneous source itself. In this way a volcano, perhaps 1,000 feet
high, was built above the land surface. Some liquid lava was forced up through
this cone of debris to form dikes and flows or to congeal within the throat of
the volcano. After the end of volcanic activity, erosion not only removed the
cone and the flows but cut down well below the land surface to form the
depression we now know as Buell Park. The volcanic tuffs are now
disintegrated and the brightly colored crystals and fragments of garnet, peridot,
and other minerals have been released and may be picked up on the surface.
Buell Park was probably the largest of the volcanoes in the Fort Defiance-
Tohatchi atea, but the other volcanoes doubtless had much the same history.

The Special Reports at the end of the volume provide the results of
detailed scientific investigations and list tabular data which may be of interest
to specialized investigators. The report on the petrology of sedimentary rocks
is a notable contribution in this field. The clay fraction from samples of all
the sedimentary rocks was tested by thermal analysis, X-ray diffraction, and
other techniques to determine the dominant type of clay mineral. It was
found that in this geologic section the clays can be grouped in a definite order
with certain breaks. In general, clays of marine origin differ from those of
continental origin. Also there are changes in the proportions of the "heavy"
minerals, the groups that may be separated from the quartz, feldspar, and clay
of the rock by means of their specific gravity. The techniques and results
developed in this study may aid materially in correlating samples from oil or
water well tests.

Four measured sections are described in detail, so that the minor
characteristics of the rocks of the Menefee and Crevasse Canyon formations are
on record. A seismic survey in Buell Park failed to outline the depth of the
caldera, so it is assumed that it may have vertical walls.

Other reports list climatic data for the area, plants growing in the various
life zones, a glossary of technical terms used, and a list of some of the Navajo
words which approximate geologic terms. A bibliography and index complete
the report.



Technical Abstract

The 15-minute Fort Defiance and Tohatchi quadrangles lie south of
latitude 36 degrees and include a part of San Juan Basin, New Mexico, as
well as the bordering region in Arizona. The area contains a part of the
synclinal "Gallup embayment," a part of the Defiance uplift and
monodine, the southern end of the high Chuska Mountain plateau, and
the north end of the lower Manuelito Plateau. Smaller features are the
Todilto Park dome and Buell Park diatreme with its central kimberlite-
tuff plug. Several dikes and smaller central intrusives are aligned in an
east-northeast direction.

Altitudes range from 6,200 feet in Chuska Valley along the eastern
border of the area to more than 9,000 feet on Chuska Mountain. The
climate is semiarid; life-zones range from upper Sonoran to Hudsonian.

No mineral resources are being exploited currently in the area. Coal
and nonmetals have commercial possibilities, but metallic minerals found
in the course of this survey consist solely of a few traces of manganese
oxides in sandstone concretions. In spite of the fact that elsewhere the
formations exposed in this area are uraniferous, so far only one locality
has been found sufficiently radioactive to affect the Geiger counter, and
no uranium mineral was seen. Large deposits of bentonitic shales which
occur in the Tohatchi formation on the slopes of Chuska Mountain may
be of value as well-drilling muds, though tests thus far have not been
favorable. Sands which possibly could be beneficiated and used for a local
green glass industry occur in the Chuska sandstone. Semiprecious stones,
garnet and peridot, which have been used to a slight extent for native
jewelry, are associated with some of the igneous rocks, particularly at
Buell Park. Coal beds of commercial thickness and extent occuring in the
Crevasse Canyon formation, are adequate for any local industry. No oil or
gas has yet been discovered in these quadrangles, but formations which
elsewhere are petroliferous underlie most of Tohatchi quadrangle. Water
occurs in the Chuska sandstone, which supplies the perennial springs
along the west side of Chuska Mountain, and in Cretaceous sandstones,
which can be tapped as underground water sources in Tohatchi
quadrangle.

The sedimentary sequence is 11,000 to 12,000 feet thick. It has been
divided into 19 major and 16 subordinate units. Four igneous rock-types
are described. Pre-Cretaceous rocks include Precambrian (?) quartzite,
exposed only in two canyons northwest of Fort Defiance; Permian Cutler
formation and De Chelly sandstone (1,060-1,300"); Upper Triassic
Shinarump conglomerate and Chinle formation (1,0001,350"); Lower
Jurassic Wingate sandstone (80-265'); Upper Jurassic Entrada sandstone,
including Carmel silty facies (220-293"); Todilto limestone (0-14");
Summerville formation (340-367'); and Recapture shale and Westwater
Canyon sandstone members of the Morrison formation (464-857").
Tongues of Cow Springs sandstone come into the area from the south
within the Recapture shale and at the top of the Summerville formation.
A few thin lenses of maroon shale appearing above the Westwater
Canyon sandstone possibly are equivalent to the Brushy Basin shale to
the north of the area.
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Upper Cretaceous rocks include 4,800 to more than 6,100 feet of
marine and nonmarine sediments which have been mapped as the
Dakota (?) sandstone (218-253"), Mancos shale (630-750"), and Mesa-
verde group (4,000-4,825"). The Mesaverde group has been divided into
five formations and several members, as follows: Gallup sandstone (100-
400"); Crevasse Canyon formation (252-410"), which includes the Dilco,
Dalton sandstone, and lower Gibson members; Point Lookout sandstone
(0-365"), which includes the Satan tongue of Mancos shale and Hosta
sandstone tongue; Menefee formation (2,300'); and Tohatchi formation
(1,350" plus), subdivided into lower carbonaceous and upper bentonitic
members. The sandstone members of the Mesaverde group thicken and
thin rapidly; they split and pinch out or are replaced by siltstone within
short distances.

Tertiary sedimentary rocks consist of the Pliocene (?) Chuska sand-
stone (1,100" plus), which was deposited unconformably upon the
beveled edges of rocks ranging from the Summerville formation to the
Tohatchi formation.

Nine igneous plugs, with associated discontinuous dikes, penetrated
the sedimentary rocks in late Tertiary time. Buell Park is a diatreme
characterized by a ring dike, composite plugs, and kimberlite and lapilli
tuff. North of Tohatchi quadrangle, at Washington Pass, a similar igneous
mass cuts through the Chuska sandstone, and plugs in the mapped area
may have been emplaced after the erosion of much of the Chuska
sandstone. However, the igneous activity was terminated before the
present major valleys were incised into the post-Chuska rejuvenated
"Zuni erosion surface." The earliest igneous rocks are kimbetlite tuff and
lapilli tuff, composed of partly altered olivine (fa8-11), enstatite, chrome
diopside, pyrope garnet, actinolite, ilmenite, magnetite, titanclinohumite,
and a pale-green, aphanitic groundmass of antigorite and indeterminable,
minute mineral fragments. Xenoliths in the tuff include various siliceous
crystalline rocks, and cognate fragments of peridotites. Fragments of the
surrounding sedimentary rocks are rare. Closely associated are plugs and
dikes of minette and minette-breccia, composed for the most part of
diopside, biotite, sanidine, and variable amounts of brown glass, possibly
with small amounts of olivine and leucite in places. Leucocratic phases in
Buell Park approach trachyte in composition. No contact effects were
seen at kimberlite tuff contacts, but the minette has vitrified the
sandstones in several places. The trachytic phases of Buell Mountain,
Fluted Rock, and the minette plug of Zilditloi Mountain may have
approached the surface closely, but true surface flows are lacking.

Quaternary sediments consist of Pleistocene and Recent terrace and
pediment gravels, which occur at several elevations, and of landslide
debris which is widespread around the south and east sides of Chuska
Mountain and below the Gallup sandstone cuesta along the southern
junction of the two quadrangles. These units rarely reach 50 feet in
thickness. Recent alluvium, called the Nakaibito formation (0-50"),
occupies the wider valley bottoms.

The sedimentary sequence has been folded to produce the broad, north-
plunging Defiance uplift, whose axis passes through the center of
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Fort Defiance quadrangle, and the north-plunging Nakaibito syncline, whose axis
lies just east of the center of Tohatchi quadrangle. The Todilto Park dome is a
subordinate fold whose long axis strikes N. 15° E. Dips as steep as 35 degrees
occur on the eastern flank, but to the west the beds dip gently into the shallow
Zilditloi syncline, which swings to the southeast to form a minor trough in the
Nakaibito syndine terminating near Mexican Springs. Another minor crenulation
near the center of the southern edge of the area represents the northern termina-
tion of the syndine which has brought down the coals mined at the Window Rock
coal mine in the quadrangle adjoining the Tohatchi on the south. On the east flank
of the Nakaibito syncline, a wide structural nose may reflect the northwesternmost
extension of the Zuni uplift.

Fracture systems are prominent in the Permian formations. Vertical
northeasterly-trending joints transect the southwestern and central parts of the
Defiance uplift within the map area. Northwest-trending fractures extend from the
vicinity of Sawmill to the northwest corner of Fort Defiance quadrangle.
Conceivably these fracture systems are radial tension joints related to the Buell Park
diatreme. Steeply west-dipping joints are a feature of the east slope of the Defiance
uplift. They are probably tension joints related to tangential stretch in the uparched
zone. The Mesozoic sandstones on the east side of Black Creck Valley locally
display slip zones with small displacements, and east-west striking striac. Some east-
west striking joints accompany the zone of igneous plugs extending from Fluted
Rock to Beelzebub.

The area lies wholly within the Colorado Plateau Province, and its
physiographic divisions reflect the structures and composition of the underlying
rocks. On the west, the Defiance Plateau is essentially a broad anticlinal arch in the
Permian and Triassic rocks pierced by the Buell Park diatreme near its axis. It is
bounded on the east by the monoclinal Black Creck Valley, incised in the soft
Triassic Chinle shales. Todilto Park is formed by a local anticlinal arch which
exposes the Chinle along its axis. The Manuelito Plateau, bounded on the west by
cliffs of east-dipping Jurassic sandstones, and on the east by badlands and east-
dipping cuestas of Point Lookout sandstone and sandstones of Menefee formation,
is essentially a structural terrace imposed on the Defiance monoclinal structure.
Chuska Valley is carved in the gently-dipping Menefee rocks, and is divided into two
patts, the western badlands, terraces and pediments, and the eastern alluviated
portions. Chuska Mountain consists of the neatly flat high plateau, underlain by
Chuska sandstone, with the subdivisions of lower-lying structural terraces on the
west and landslide areas on the south and east. Subsequent to the long erosional
epoch which extended throughout nearly all of Paleozoic time, the depositional
history of the area was initiated by Permian continental flood-plain and sand-dune
deposition forming the Cutler and De Chelly shales and sandstones. Lower Triassic
(Moenkopi) beds are missing in the area, and Upper Triassic deposition commenced
with a widespread but thin sheet of coarse conglomerate (Shinarump) followed by
thick shale and minor sandstone sequence (Chinle) representing river flood-plains
and swamps. Above these rocks, with only an inconspicuous disconformity, lie
Jurassic units consisting of thick,
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massive-weathering, crosslaminated and predominantly red-colored sandstones
and subordinate shales. These rocks represent a widespread and thick
accumulation of river flood-plain and sand-dune sediments interrupted by one
period of lacustrine or marine deposition (Todilto) of sandy limestone.

Epeirogenic subsidence, following a period of nondeposition or erosion
which lasted throughout early and middle Cretaceous time, permitted the
first definitely recorded advance of the sea, from the northeast, over the area.
The lowermost Upper Cretaceous rocks consist of siltstone, coal, and thin
sandstone of the Dakota (?) formation, representing the lagoons. The thicker
cuesta-making sandstone represents the offshore bar and beach, the marine
(Mancos) shale the deeper marine deposits. Repeated transgression and
regression of this shoreline across the area from the northeast to the
southwest, with influx of abundant silt and sand from highlands to the
southwest, led to a complicated series of intertonguing sandstones, siltstones,
and coals which make up the Mesaverde group of rocks. Within this area
marine deposits occur twice during Mancos and Satan transgressions;
apparently the shoreline did not quite reach the area during the Mulatto or
Lewis transgressions.

Post-Upper Cretaceous (Laramide) folding produced the structures
previously listed. Subsequent extensive Tertiary erosion formed a widespread
surface of low relief (the "Zuni erosion surface") upon which was deposited
the dominantly eolian Chuska sandstone of Pliocene (?) age. Later, the Chuska
sandstone was variably eroded and the Zuni erosion surface was exhumed over
large areas. Volcanic activity penetrated this surface and formed the igneous
features previously discussed. Quaternary uplift and gentle westward tilting
superposed established drainages across the folds, incised numerous
subsequent valleys, and produced several series of sloping pediments and
terraces. This postChuska degradation may have removed over 1,000 feet of
Chuska sandstone and up to an additional 2,000 feet of Cretaceous rocks from
much of the west half of San Juan Basin.

During glacial pluvial epochs (Wisconsin) and before present canyons
and badlands were completely formed, landslides developed around the south
and east escarpments of Chuska Mountain, especially where the sandstone
was underlain by the upper Tohatchi bentonitic shales. Following the late
Pleistocene and Recent cutting of the present canyons and badlands,
alluviation filled the lower stream-courses with Nakaibito sediments, and, in
historical time, gullying of this fill has begun again.

The petrology of a section of sedimentary rocks that range in age from
Precambrian through part of Cretaceous was studied in detail. Chip samples
from nearly all of the stratigraphic units were disaggregated; the silt-clay size
fraction was removed by eclutriation, and the remaining sediment was
mechanically analyzed.

The median diameter, angularity, solubility, and coefficient of sorting were
determined from each sample. The percent of feldspar and heavy minerals in the
125 or .062 mm size fractions also was determined. The frequency percent of
the heavy minerals was determined by
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grain counts. Differential thermal analyses were made of all the silt-clay
concentrates, and many of the samples were tested by X-ray diffraction and
staining.

Differential thermal analyses suggest that the De Chelly and Chinle
formations are the product of uninterrupted sedimentation, partially in a marine
environment. The heavy-mineral assemblage and the abundance of
montmorillonite in the Chinle indicate that in this area the Chinle is a mixture of
volcanic and nonvolcanic material.

The Jurassic sediments present many of the features of the rocks above and
below them. No major change in the mineralogy occurs across the contact
between the Jurassic and Cretaceous formations.

The minerals of the rocks from the upper part of the Westwater Canyon
sandstone through the lower part of the Mancos shale appear to be the remains
of preexisting sediments. Above the Mancos shale they appear to have been
derived from a crystalline source.

The observed changes in the mineralogy and physical state of the rocks in
the studied section, may prove to have a restricted range in time, and hence may
aid materially in subsurface correlations.

Two measured sections in the Menefee formation, located about 2 miles
apart, were described in detail in order to determine lateral variation of the
beds within relatively short distances. Comparison of the descriptions of these
sections (pl 11, nos 5 and 6) and of an additional section nearly 4 miles farther
south (pl 11, n 9) bring out two features: first, that the sandstone units thicken
and thin and disappear within short distances, and hence cannot with
assurance be correlated over even these short distances without walking them
out along the strike; and, second, that the ratio between the sandstone and the
shale and siltstone changes southward from about 1:4 to more than 1:3. Two
sections of the Crevasse Canyon formation were also described.

A seismic reconnaissance in Buell Park was made in an attempt to
determine whether the caldera has vertical walls, or whether it is saucer-shaped
and has a bottom, possibly approximating the Precambrian surface. Results were
not conclusive.

Climatic data from 2 stations in the area and from 3 other nearby
stations indicate that the climate, although variable by reason of elevation
differences, consists of temperature average from 25 to 30 degrees in January
to 65 to 75 degrees in July. The average annual precipitation is 10 to 13
inches, more than half of which falls between April and September.

A complete list of plants in the area, a glossary of technical terms
employed, a list of Navajo words used for geologic terms, and a bibliography and
index complete the report.



Explanation of Plates 3-10

PLATE 3
AIR VIEWS OF BLACK CREEK VALLEY AND TODILTO PARK

A. Air view across Red Lake, looking northeast. 1. Green Knobs, 2. Outlet Neck, 3. Todilto Park, 4.
Chuska Plateau.

B. Air view across Black Creek Valley, just south of Red Lake, looking northeast. 1. Outlet Neck, 2.
Zilditloi Mountain, 3. The Beast, 4. Unnamed dike.

PLATE 4
SEDIMENTARY ROCKS AND IGNEOUS PLUGS

A. Intensely jointed Precambrian (?) quartzite, on north bank of Blue Canyon Wash, overlain
unconformably by horizontal Cutler formation.

B. View northeast across mouth of Twin Buttes Wash from outcrop of Wingate sandstone.
Tall cliffs in middle distance are Entrada formation overlain, in left distance, by Summer-
ville formation. Pine-covered slope underlain by sand and shale lenses of Morrison forma-
tion. Ledges of Dakota (?) sandstone at summit, rest on thin Westwater Canyon sandstone.

C. Kimberlite tuff, near center of Buell Park.

D. The Beast, a plug of minette breccia, viewed from the southwest. Erosion of sandstone xenoliths
has caused reentrants in cliff.

PLATE 5
UPPER CRETACEOUS FORMATIONS

A. Type locality of Tohatchi formation west of Tohatchi, looking northwest to northeast.
Bentonitic member (Ktu) overlying sandstone and carbonaceous shale member (Ktl);
Menefee formation (Kmf) below. Chuska Peak in upper left; Chuska Mountain on skyline
at right.

B. goal bedsdotalirhgfw fe?I thick on South Fork of Catron Creek in the lower Gibson member of the
revasse Canyorr formation.

C. No. 5 coal bed 4 feet thick on South Fork of Catron Creek.

PLATE 6

CENOZOIC FORMATIONS

A. Chuska sandstone (Tc) overlying upper bentonitic member of Tohatchi formation (Kt) at type
locality of Tohatchi 3 miles north of Tohatchi. Dashed line marks basal conglomerate. View
northwest.

B. Twin Buttes, an outlier of Chuska sandstone lying unconformably upon Gallup sandstone
south of Todilto Park. View northwest from Point Lookout cuesta on north rim of Crevasse
Canyon.

C. Fluviatile lower member of Chuska sandstone above trail south of Chuska Peak.
D. Nakaibito formation north of ford in Todilto Park.

PLATE 7
SPECIAL FEATURES OF SEDIMENTARY AND IGNEOUS ROCKS

A. Polygonal cracks in top of Summerville formation, 11/2 miles southwest of Zilditloi
Mountain.



B. Lower member of Tohatchi formation 3% miles west of Tohatchi. Note dark carbonaceous layers
in shales between thin sandstones.

C. Steep layering in lapilli tuff near southeast border of Green Knobs plug.

D. Cross-sections of steep columns of minette forming fiat top of Fluted Rock. View north-
northwest.

PLATE 8
SPECIAL FEATURES OF SEDIMENTARY AND IGNEOUS ROCKS

A. Channel sandstone units near base of Menefee formation, 2 miles south of Crevasse Canyon. View
north.

B. Concretions in channel sandstone of Menefee formation, half a mile east of Crevasse Canyon.

Beelzebub, a minette breccia plug intruding Entrada sandstone in the south part of Todilto Park.
View southeast.

PLATE 9
PHOTOMICROGRAPHS OF IGNEOUS ROCKS (Bar scale equals 1 mm)

A. Kimberlite tuff from central hill, Buell Park. Olivine (0), partly or wholly replaced by
aggregates of antigorite. Fragment of quartzite xenolith with iron oxide cement in lower
right-hand corner. Dark groundmass is antigorite with various other minerals in minute
grains. Grain of enstatite (e) near center. Plane-polarized light.

B. Kimberlite tuff from central hill, Buell Park. Crystal of chrome-diopside (upper left-hand
corner), and 2 fresh olivines (0) in antigorite shell. Groundmass stained by iron oxides.
Plane-polarized light.

C. Xenolith of peridotite from Green Knobs. Crystals of olivine (0) and enstatite (e) crossed
by long blade of antigorite (a). Earlier antigorite forms dark veneers along cracks in
olivine. Plane-polarized light.

D. Xenolith of peridotite from Buell Park. Olivine anhedra with excellent cleavage parallel (010),
crossed by blades of antigorite. Plane-polarized light.

E. Minette of ring-dike at Buell Park. Phenocrysts of diopside and biotite (above center) with shell of
black iron oxide, in groundmass of glass and minute sanidine laths. Large diopside contains
interpositions of glass. Plane-polarized light.

F. Trachytic phase of minette from highest ledges of Buell Mountain. Essentially a felt of
sanidine laths with phenocrysts of diopside (center and lower right) and biotite (upper
left). Plane-polarized light.

PLATE 10
PHOTOMICROGRAPHS OF IGNEOUS AND SEDIMENTARY ROCKS

A. Minette from Fluted Rock. Clear, colorless sanidine crystals enclose innumerable small
grains of diopside, biotite, and ore. Phenocrysts of biotite (dark plates) and diopside. large
dark area in center is brown glass. Plane-polarized light.

B. Same areaas in A, showing size of sanidine crystals. Crossed nicols.

Trachybasalt from south base of Zilditloi Mountain plug. Brown glass encloses senate phcnocrysts
of diopside and sparse biotite. Plane-polarized light.

D. Border of silicified pebble in Shinarump conglomerate, 2.9 miles north of Fort Defiance.
Fine-grained quartz mosaic extends from pebble (lower left) into matrix of conglomerate
(upper right) across megascopically sharp border. Several elastic quartz grains survive.
Quartz veinlet does not follow pebble border. Crossed nicols.

E. Sandstone lens in Shinarump conglomerate, 3 miles north-northeast of Fluted Rock. Cement
partially replaced by iron oxides. Core (lower left half of field) with carbonate cement is free of
iron oxides. Plane-polarized light.

F. Calcareous concretion in tufa lens in alluvium, 41/2 miles northwest of Fort Defiance. A few
elastic quartz grains in matrix of minute calcite anhedra. White circular patches are chal-
cedonic quartz in groups of radiating fibers. Crossed nicols.
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Plate 3: Air views of Black Creek Valley and Todilto Park.
Photographs by Sherman Wengerd, University of New Mexico.



Plate 4: Sedimentary rocks and igneous plugs.
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Plate 5: Upper Cretaceous formations.
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Plate 6: Cenozoic formations.
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Plate 7: Special features of sedimentary and igneous rocks.
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Plate 8: Special features of sedimentary and igneous rocks.
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Plate 9: Photomicrographs of igneous rocks.
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Plate 10: Photomicrographs of igneous and sedimentary

rocks.
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Introduction

PURPOSE AND SCOPE

The results of that part of the mineral survey of the Navajo Reser-
vation for which the New Mexico Bureau of Mines and Mineral Resources
was responsible under the terms of its contract of June 1952, are set forth
in this report. The first objective of the report is to provide all pertinent
information that was secured on mineral resources and ground water
which may have actual or potential value to the Navajo people. A second
objective is to show the distribution in space and time of all rock units
contained in the study-area by means of a geologic map and sections, as
well as by carefully prepared descriptions and interpretations in the text.
This material provides the geologic setting for all possible resources, both
those currently known and those which may be discovered in the future.
The geologic data provide guidance for future prospecting and
exploration in the Fort Defiance-Tohatchi area, as well as assistance to
others who may carry on similar investigations in nearby parts of the
Reservation.

As no accurate topographic base was available on which to portray
the geology, it was necessary to use the available photomosaics of the Soil
Conservation Service. Inherent inaccuracies necessarily exist in these
mosaics, but they do not alter the geologic picture materially. The
geologic data can be transferred from the individual photos to the topo-
graphic maps when such maps become available.

METHODS OF INVESTIGATION

This study is the result of teamwork on the part of several geologists
and engineers of the Bureau of Mines and Mineral Resources, each
contributing from the vantage point of his specialized knowledge and
experience both in New Mexico and in other parts of the world. The
work was under the immediate direction of John FEliot Allen, who
mapped Tohatchi quadrangle and studied the coals and clays of that area.
Robert Balk mapped Fort Defiance quadrangle and made an intensive
study of the igneous rocks. Samples from the entire sequence of
sedimentary rocks were studied in the laboratory by M. E. Willard,
utilizing the most modern techniques. Other special mineral studies were
made by M. S. Sun. The data on ground-water resources were secured by
F. X. Bushman. Assistance was provided by other members of the staff.

The geology was mapped in the field on air photo contact prints at scales of
1/31,680 and 1/20,000 and transferred to the photomosaic, which has a scale of
1/48,000.

Though it is common practice to label each delineated area of a
geologic formation with the appropriate letter symbol, it was found that
for the geologic map (pl I) an abundance of letter symbols would obscure
the photomosaic base unduly. Therefore, only enough symbols were used
to maintain clarity in identifying areas on the map. Un-
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labeled areas can be identified readily by inspection of the pattern of
formations. In order to avoid excessive numbers of colors, units within a
particular geologic group bear the same color. In many large areas in which no
outcrops occur the soil cover is indicated.

Samples of mineral raw materials were either examined in the laboratories
of the Bureau or sent to outside laboratories. Four analyses of coal samples
were made in the laboratories of the U. S. Bureau of Mines and nine water
analyses were made in the laboratory of the U. S. Geological Survey in
Albuquerque. Clay and sand samples were sent to commercial laboratories for
evaluation. Geophysicists of the Research and Development Division of the
New Mexico Institute of Mining and Technology made measurements in Buell
Park in an attempt to delineate the floor of the filled crater.

ANNOTATED BIBLIOGRAPHY

In the course of their studies, the writers had the advantage of the work of
other geologists in this area. The following briefly annotated bibliography is
restricted mainly to papers on the geology of the Fort Defiance-Tohatchi area,
although a few papers on adjacent areas of importance to a discussion of the
rocks in this area are included. A complete list of all papers to which reference
is made is appended to this volume.

1861. Newberry, J. S., Geological report, in Ives, J. C., Report on the Colorado
River of the West, explored in 1857 and 1858, pt 3, 91-93. Includes the
first brief comment on rocks around Fort Defiance, with geologic strip-
map from Oraibi to Fort Defiance.

1875. Gilbert, G. K., Report on the geology of portions of New Mexico and Arigona
excamined in 1873, Rept. U. S. Geog. and Geol. Surveys west of the 100th
meridian (Wheeler), pt 3, 559-560. Includes brief description of
Black Creek Valley and Defiance anticline.

1875. Howell, E. E., U. S. Geog. and Geol. Surveys west of the 100th meridian
(Wheeler), pt 3, 274, 277, 288, and 299. Includes comments on Fort
Defiance anticline and coals east of Fort Defiance; also geologic section
(fig 121, p 288) extending east from Fort Defiance.

1906. Schrader, F. C., The Durango-Gallup coal field, U. S. Geol. Survey Bull. 285,
241-258. Includes an incomplete geologic sketch map covering area.

1907. Shaler, M. K., A reconnaissance survey of the wesetrn part of the Durango-
Gallup coal field of Colorado and New Mexico, U. S. Geol. Survey Bull.
316, 260-265. Includes the first fairly accurate geologic map covering
the area, showing general outline of Chuska sandstone, location of
igneous bodies and Jurassic-Cretaceous contacts. One coal outcrop in
the area mentioned.
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1909. Sterrett, D. B., U. S. Geol. Survey Min. Res., 1908, pt 2, 823-827, 832-

1910.

1912.

1916.

1917.

1924.

1925.

835. Includes a detailed description of the occurrence of garnets and
petidots in Buell Park and around Fort Defiance. First mention of
petidotite in Buell Park.

Darton, N. H., A reconnaissance of parts of northwestern New Mexico and
northern Arizona, U. S. Geol. Survey Bull. 435, 88 PP. Includes
mention of Triassic rocks in Fort Defiance uplift (p 43), Fort
Defiance anticline (p 67), a geologic map similar to that of Shaler
(1907), and the first structural contour map to include the area.

Gardner, J. H., in Lee, W. T\, Stratigraphy of the coal fields of northern
central New Mexico, Geol. Soc. America Bull., v 23, 571-686. Includes
annotated bibliography referring to New Mexico coal and Cretaceous
stratigraphy.

Gregory, H. E., The Navajo conntry;, a geographic and hydro-graphic
reconnaissance of parts of Arizona, New Mexico, and Utah, U. S. Geol.
Survey Water Supply Paper 380, 219 pp, 29 pls, 29 figs. Includes
excellent geographic descnpuons of all the major physiographic
divisions of the area, and a description of the surface-water supply
and ground-water potentialities.

Gregory, H. E., Geology of the Navajo country; a reconnaissance of parts of
Aprizona, New Mexico, and Utah, U. S. Geol. Survey Prof. Paper 93, 161
pp, 34 pls, 3 figs. The standard work on the geology of the Navajo
country, and the best description of the pre-Cretaceous rocks of the
area that has been published to date.

Reeside, J. B., Jr., Upper Cretaceous and Tertiary formations of the
western part of the San [nan Basin of Colorado and New Mexico, U. S.
Geol. Survey Prof. Paper 134, 70 pp, 4 pls, 5 figs. Includes first
detailed description of the post-Jurassic rocks of the San Juan
Basin, lying to the northeast of the area.

Sears, |. D., Geology and coal resources of the Gallup-Zuni Basin, New
Mexico, U. S. Geol. Survey Bull. 767, 53 pp, 17 pls, 4 figs.
Separates the Mesaverde rocks occurring to the south into
stratigraphic units applicable within the area.

1927. Reagan, Albert B., Garnets in the Navajo country, Am. Mineralogist, v 12,

n 11, 414-415. Brief reference to garnets in Buell Park.

1929. Baker, A. A., and Reeside, J. B., Jr., Correlation of the Permian of southern

Utab, northern  Arizona, northwestern New Mexico, and southwestern
Colorado, Am. Assoc. Petroleum Geologists Bull., v 13, 1413-1438.



1934.

1936.

1936.

1941.

1941.

1947.

1947.
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Includes measured sections of Permian rocks at Fort Defiance
correlated with other areas in the southwest.

Sears, J. D., Geology and fuel resources of the southern part of the San
Juan Basin, New Mexico: Part 1. The coal field from Gallup eastward
toward Mount Taylor, U. S. Geol. Survey Bull. 860-A, 29 pp, 17
pls.

Further divides and correlates Mesaverde rocks occurring southeast
of the area.

Baker, A. A., Dane, C. H., and Reeside, |. B., Jr., Correlation of the
Jurassic formations of parts of Utah, Arizona, New Mexico, and Colorado,
U. S. Geol. Survey Prof. Paper 183, 66 pp, 33 pls, 16 figs.

Includes correlation (later revised, 1947) of Jurassic section in
Todilto Park with other areas in the above western states.

Williams, Howel, Pliocene volcanoes of the Navajo-Hopi country, Geol. Soc.
America Bull., v 47, 111-172.

Includes description of the occurrence, structure, petrography,
petrology, and origin of the igneous rocks of Buell Park, Fluted Rock,
Outlet Neck, The Beast, Green Knobs, Zilditloi Mountain, Beelzebub,
and dikes in the south part of Todilto Park.

Reiche, Parry, Erosion stages of the Arizona Platean as reflected in a headwater
drainage area, Mus. of Northern Ariz., Plateau, v 13, n 4, 53-64.

Includes small-scale geologic map of southeastern part of area, upon
which are plotted terrace and pediment remnants of ecight ages.
Relationships between the different surfaces graphically explained by
vertical sections. Excellent geomorphic discussion of area around
Mexican Springs.

Sears, J. D., Hunt, C. B., and Hendricks, T. A., Transgressive and regressive
Cretaceons deposits in southern San Juan Basin, New Mexico, U. S. Geol. Survey
Prof. Paper 193-F, 101-121, 7 pls, 5 figs. Elaborates on the intertonguing
theory of origin of the Mesaverde rocks in San Juan Basin.

Baker, A. A., Dane, C. H., and Reeside, J. B., Jt., Revised correlation of the
Jurassic formations of parts of Utah, Arizona, New Mexico and Colorado, Am.
Assoc. Petroleum Geologists Bull., v 31, n 9, 1664-1668.
Brief description of revised cortelations affecting Jurassic rocks in
Todilto Park and elsewhere in the area.

Pike, W. S., Jr., Intertonguing marine and nonmarine Upper Cretaceons deposits of
New Mexico, Arizona and southwestern Colorado, Geol. Soc. America Mem.
24,103 pp, 12 pls, 7 figs. Includes four measured stratigraphic sections of
Cretaceous rocks in the area, and correlates them with sections to the
north and south. Lists fossils from localities in the area.
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1949. Halpenny, L. C., Brown, S. C., and Hem, ]. D., Water-supply investigation of
Fort Defiance area, Navajo Indian Reservation, Apache County, Arigzona, U. S.
Geol.  Survey, Ground Water Branch, Holbrook, Arizona,
mimeographed circular, 11 pp, 2 pls.
Brief report on local water resources.

1950. New Mexico Geological Society, Guidebook of the San Juan Basin, New
Mexico and Colorado, First Field Conference, 153 pp. 38 figs.

Includes articles on geologic history of the San Juan Basin
(Beaumont and Read, pp 49-52), map of Precambrian rocks showing
Quartzite Canyon locality (Kelley, p 55), isopachous map of
Pennsylvanian rocks (Bradish and Mills, p 59), comments on Permian
rocks of Defiance uplift (Read, pp 62-60), Triassic rocks with
isopachous map (Wengerd, pp 67-73), Jurassic rocks (Hoover, p 76-81),
regional structure and tectonic evolution (Kelley, pp 101-108).

1951. Halpenny, L. C., Preliminary report on the ground water resources of the Navajo
and Hopi Indian Reservations, Arizona, New Mexico, and Utah, U. S. Geol.
Survey, Ground Water Branch, Holbrook, Arizona, mimeographed
circular, 13 pp, 1 pl. Brief discussion of geologic formations, their water-
bearing properties, the major structural features and their relation to water
supplies, and the principal aquifers of the region.

1951. Harshbarger, J. W., Repenning, C. A., and Jackson, R. L., Jurassic
stratigraphy of the Navajo country, U. S. Geol. Survey, Ground Water
Branch, Holbrook, Arizona, mimeogtraphed circular, 8 pp, 3 pls.

Includes brief review of Jurassic formations and sets up the Cow
Springs sandstone unit, which appears in the Fort DefianceTohatchi
area.

1951. Leopold, L. B., and Snyder, C. T., Aluvial fills near Gallup, New Mexico, U.
S. Geol. Survey Water Supply Paper 1110-A, 19 pp. Includes description
and sketch of type locality of Nakaibito formation near Mexican Springs.

1951. New Mexico Geological Society, Guidebook of the south and west sides of the
San Juan Basin, New Mexico and Arizona, Second Field Conference, 163 pp, 48
figs.

Includes road log through the area from Fort Defiance to Todilto
Park, pp 66-73 (mile 56.5 to 80.7), mentions Permian rocks of Defiance
uplift (Read, pp 80-81), Triassic rocks (McKee, p 88), Jurassic rocks
(Harshbarger, Repenning, and Jackson, pp 96-98), Cretaceous rocks
(Silver, pp 108-115), igneous rocks (Callaghan, p 120), tectonics (Kelley,
pp 124-131), gem stones around Fort Defiance and in Buell Park
(Bieberman, p 142).

1951. Wright, H. E., Jr., and Becker, R. M., Correlation of Jurassic formations along
Defiance monocline, Arizona-New Mexico, Am. Assoc. Petroleum Geologists
Bull,, v 35, 607-623.
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Includes short description and correlation chart of Jurassic units,
and two measured sections in the area.

1951. Wright, H. E., Jr., (abs) Opal cement in thick Tertiary eolian sandstone,
Chuska Mountains, Arizona-New Mexico, Geol. Soc. America Bull,, v

62, 1492.
Briefly describes the physical characteristics of the Chuska
sandstone.
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GEOGRAPHIC AND CULTURAL FEATURES

Fort Defiance and Tohatchi quadrangles include an area of 483.6 square
miles wholly within the Navajo Reservation and bounded by parallels 35° 45'
and 36° N. and by meridians 108° 45' and 109° 15" W. (fig 1). Part of Fort
Defiance quadrangle is in Apache County, Arizona, but the remainder and all of
Tohatchi quadrangle are in McKinley County, New Mexico. The principal
community, Fort Defiance, is 35 miles by paved road northwest of Gallup, the
largest nearby city, and 6 miles from Window Rock, the administrative
headquarters for the Navajo Reservation. U. S. Highway 666 is within or near
the east boundary of Tohatchi quadrangle. Aside from this and the graveled
road from Fort Defiance to Sawmill and a few additional short stretches, all
roads are unsurfaced. Most of those reaching Indian hogans in the back country
are scarcely more than trails, which for the most part can be travelled best by
jeep or pickup.

The Fort Defiance-Tohatchi area is dominated by the flat-topped plateau of
Chuska Mountain (figs 18 and 19) which has an average altitude of more than
9,000 feet and is the highest area within the Reservation. To the east is the broad
open valley of the Chaco River, the "Chuska Valley" of Gregory; tributary to the
Chaco are the washes draining much of Tohatchi quadrangle (fig 5). The western
part of the area is dominated by the broad topographic dome of the Defiance
uplift whose crest has an average altitude of 7,500 feet. Black Creck Valley,
which has a minimum altitude of 6,700 feet, lies along the east side of the
Defiance uplift. The east side of the valley is marked by colorful sandstone cliffs
which rise to the dissected upland of the Manuelito Plateau (fig 12, pl 4-A). The
east side of the valley is interrupted by a subsidiary valley, Todilto Park, which is
almost wholly surrounded by sandstone cliffs (pls 2 and 3). The whole area has a
mountainous aspect unusual for the broad expanse of the Colorado Plateau.

The relatively flat summit of Chuska Mountain is dimpled by some 130
undrained depressions which under favorable conditions may contain lakes or
ponds. Otherwise, the region is well drained by intermittent streams. The only
permanent streams are the upper reaches of the Todilto, Bowl Canyon, and Red
Willow washes which are fed by springs along the west side of Chuska
Mountain. Flash floods from summer thunderstorms may be expected from
June to September. Melting snow or rain may provide smaller intermittent flows
in winter and spring. The alluviated valleys are commonly trenched deeply by
gullies which, if not restricted, cut back to remove the accumulated soil.

Tabulated data on climate are appended to this volume. In view of the
range in altitude of 3,000 feet, considerable variations in temperature and
precipitation from place to place can be expected. In general, the average
January temperature may be said to range from 25° to 30°F and the July
temperature from 65° to 75°F. The average annual precipitation is between 10
and 13 inches, of which more than half falls between April and September.
The first killing frosts generally come between September 30 and October 20
and the last between May 1 and May 30.
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Except for the lower parts of Tohatchi quadrangle in the Chaco
drainage, the whole area is green when viewed from a distance. Aside
from the lower areas covered by pifion and juniper, there is a consider-
able stand of merchantable timber, mainly ponderosa pine, which is being
harvested through the Tribal enterprise at Sawmill. Owing to the range in
altitude, several plantlife zones are represented. A list of 351 plant
species found in the Navajo Reservation is appended to this volume
through the courtesy of Percy E. Mellis, Forester for the Window Rock
Area, and Don W. Clark, Range Conservationist.

The following plantlife zones are represented:

ZONE CHARACTERISTIC PLANTS ELEVATION (ft.) LOCATION

Hudsonian Alpine fir, Engelmann spruce, 9,000-12,000  Chuska Mountain?
and corkbark fir

Canadian Douglas fir, white fir, blue 8,000- 9,000  Chuska Mountain
spruce, and aspen

Transition Ponderosa pine 7,000- 8,500 Manuelito and

Defiance Plateaus

Upper Sonoran  piijon, juniper, oak, 4,000- 7,500  Chuska and Black

sagebrush, sacaton, blue Creek Valleys

grama, and galleta

To this variable, yet inhospitable, land the Navajo has adjusted
himself with remarkable success. He depends upon his herds of sheep
and goats which graze on the higher slopes in summer, but which are
brought to lower levels for the winter. The uncertainty of rainfall and
the lack of water for irrigation has prevented any extensive farming;
even at the present time scarcely 500 acres within the area are under
regular cultivation. Improvements in water storage both on Chuska
Mountain and at Red Lake, together with other works, are expected to
provide a total of nerly 3,000 acres that reasonably may be expected to
be cultivated. An exact census is not available, but probably about 500
Navajos live in the Fort Defiance-Tohatchi area.

Superimposed upon this pastoral pattern of the native population
are the communities of Fort Defiance (population 619), Mexican Springs
(about 50), and Tohatchi (about 75). For the most part, this population
group represents the personnel of the Bureau of Indian Affairs together
with a few traders and missionaries.

The Tribal lumbering enterprise at Sawmill is the cause of another
population center, peopled in this instance almost entirely by Navajos.
Between 1936, the year of its beginning, and the end of 1952, this enter-
prise has logged 137,780,000 board feet of timber from 38,077 acres of
land. The cut at the mill in 1952 was 15,142,310 board feet. The total stand
of timber has been estimated to be 548,899,000 board feet, of which all but
1.8 percent is ponderosa or yellow pine.

Beyond some quarries for road metal, there is no mineral production from
this area.
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Mineral Resources and Ground Water

SUMMARY

Briefly, the known mineral resources of the Fort Defiance-Tohatchi areas
are shown on the map (fig 2) and summarized herewith.

METALS

Nodules of manganese oxides are distributed sporadically along the base of
the Chuska sandstone. No occurrence of commercial importance was found and
none is expected.

As yet no minable deposit of uranium-bearing minerals has been found,
though formations which both to the north and southeast are major sources of
uranium are widely distributed in the area. Prospecting with Geiger counter or
scintillometer has revealed only slight shows, but radiometric prospecting will no
doubt be continued and a workable deposit may yet be found.

NONMETALS AND INDUSTRIAL MATERIALS

Clays derived from the weathering of shales and other rocks are widely
distributed in the area. Such tests as have been made show that these are low-
fusion or impure clays consisting largely of the mineral montmorillonite. They
must be blended with higher-grade clays for ceramic use. The clay-material
bentonite, consisting largely of the mineral montmorillonite, occurs in large
quantities in the Tohatchi formation as well as in the Chinle formation and
possibly elsewhere in the geologic section. The usefulness of this material,
particularly as a mud for oil test drilling, depends on its physical characteristic
of swelling when placed in water. Tests made thus far of material from the
Tohatchi formation show that it falls short of meeting specifications for
drilling mud. Adequate deposits may yet be found with further prospecting
and testing.

Sands derived from the abundant sandstones are widespread, and some
of the sandstones are leached of some of their inherent impurities. The long
distance to any point of consumption precludes the use of these sands for
foundry purposes. Tests made for glass sand, which conceivably might be used
in a local industry, thus far have been disappointing both as to size distribution
and impurities. Possibly bottle glass could be produced.

Sandstones that could be used for building are widely distributed. The
Entrada sandstone has been utilized very effectively for many structures at
Window Rock. Undoubtedly, some stone could be found which would have
ornamental value. Some of the sandstones could be used for flagstones. The
quartzite would be particularly durable for this purpose, but there is a question
whether it can be split into slabs of convenient sizes.

Ready sources of high-silica gravel are essentially lacking, except where the
Shinarump conglomerate is weathered sufficiently to be excavated. Debris
produced by the weathering of igneous rocks has been
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used, as has shale baked by the burning of coal beds. The hard phases of the
igneous rocks could be crushed and sized for construction purposes.

Olivine, or peridot, and the pyrope variety of garnet occur in soil derived
from some of the igneous bodies. These occur mostly as small grains which
probably could be mounted in attractive forms and marketed. Petrified wood
occurs in considerable quantities and possibly could be prepared in attractive
forms for marketing.

MINERAL FUELS

Coal beds of commercial size and grade occur in Tohatchi quadrangle in
amounts adequate for any local industry that might be established.

No oil or gas has been discovered, but the thick sedimentary section in
Tohatchi quadrangle and the possibilities of traps therein are encouraging to
future exploration.

GROUND WATER

The Chuska sandstone is the source of considerable spring water, and the
sandstones in the Cretaceous formations are potential sources, as yet only
slightly explored, for ground water. The valley fill alluvium is of local
importance only and mostly yields water of poor quality.

RECOMMENDATIONS

As to specific recommendations concerning mineral resources, each
mineral raw material is a special problem. In spite of the marked increase in
population of New Mexico and Arizona, these regions offer little market for the
materials that could be produced in bulk in the Fort Defiance-Tohatchi area. If
the initial tests of the bentonitic shales had proved satisfactory, a ready market
might have been developed in San Juan Basin. It is recommended that these
shales continue to be investigated. Sandstones of adequate durability that have
especially desirable characteristics of color variation or form can be shipped.
These possibilities should be investigated thoroughly. Coal obviously is available
for any local industry. Coal in this atea should be considered in the light of
possible new uses as a source of chemicals as well as of energy. Coal that could
be mined cheaply by stripping is especially attractive. The search for petroleum
and natural gas should be encouraged. The establishment of local industries will
be controlled to a considerable extent by the available water supply. More deep
wells will be needed to explore the ultimate possibilities of water supply.

The writers are encouraged by the unique status of the people, as well as by
the characteristics of the region, to make suggestions as to two possible income
sources that might be exploited: scenic attractions and ornamental stones.

Experience shows that Americans are willing to spend money in order to
visit scenically interesting regions. A veritable stream of tourists passes the
Reservation annually between Gallup and Flagstaff. Along the highway, signs
remind them that they are in "Indian country," and
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they see, indeed, a great many roadside stands in front of which rows of
trinkets are displayed by an Indian. Examination of these objects shows
that about half of them are identical with cheap novelties and crockery
that can be seen on similar stands in the Ozarks, Illinois, New York, and
countless other places.

In our opinion, the artificial and unnecessary remoteness of the
Reservation can be broken, with a resulting handsome profit for the Tribe,
if at places such as Gallup a well-advertised and neatly-appointed parking
area by the main highway were to inform travelers that they could interrupt
their cross-country drive at that point with an interesting circuit drive
through the Navajo-Hopi Reservation. For such a purpose, a bus in good
repair is waiting, with a driver who speaks English fluently and knows the
region equally as well as his motor. American tourists who visit
Yellowstone National Park, Glacier National Park, or many National
Monuments, find precisely these convenient and inviting accommodations
waiting for them; schedules, personnel, and travel facilities are excellently
organized and, as many annual reports of the National Parks Service prove,
such tours have not only been of great educational advantage to the
American people, but also a source of revenue to the U. S. Treasury. It
seems certain beyond reasonable doubt that tours as here envisaged—
under Navajo guidance, through Reservation terrane, with varied and
distinctive scenery at every mile—will be a financial success. Even with our
limited acquaintance with the Reservation, we can make two suggestions
for such tours:

1. A one-day tour, from Gallup via Window Rock and Sawmill to Canyon De
Chelly, and return via Ganado. To make this tour a success, the 20-mile
stretch of dirt road between Sawmill and the southern entrance of Canyon
De Chelly should be improved, so that it can be regarded as an all-weather
road. Fortunately, very good road metal is available at the quarry site on
the southern slope of Fluted Rock, near this road. This route would show
visitors the new buildings at Window Rock; also, the general plan and
organization of the Tribal Council and its functions could be explained en
route. Next, the tourists would see Navajo hogans, which are not visible on
U.S. Highway 66; they would pass through Fort Defiance and see two old
trading posts and the hospital. The road then would take them past the
sawmill, and the practice of lumbering the huge ponderosa forest could be
outlined. As they continued to Canyon De Chelly, the scenery of the pine-
covered plateau would make its impression. Canyon De Chelly is relatively
little seen by tourists. The southern entrance, where the walls are 900 feet
high, is as impressive as parts of Zion National Park, or Yosemite Valley.
As the tour arrives at the National Monument headquarters, the party
should find modern and adequate facilities for rest and good meals at
reasonable rates. The return trip, via Ganado, would familiarize the
participants with the Chinle plains, red, gray, brown, arid, and barren—yet
inhabited by Navajos. It is hard to imagine a person who would not be
profoundly impressed with the stamina of a race that has accomplished the
incredible, and survives in a region as devoid of all amenities of life as the
Chinle Plateau. And to find, at the fairground
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near St. Michaels, an art exhibit as comprehensive and unique as the
displays of the Art Guild, should make a lasting impression on the visitor
of the accomplishments of this remarkable Indian tribe. The fare for this
trip should be reasonable, and both at Canyon De Chelly and at the
fairground the passengers should find ample opportunity to purchase
Indian craft objects, rugs, pottery, good paintings, and so forth.

2. A similar, but shorter, round-trip counld well be organized to go from Gallup to
Window Rock, St. Michaels, and back.

It goes without saying that tours as here outlined may not be a
financial success at the start. The financing presumably could be under-
written for a few years by arrangements between the Tribal Council and
the Indian Service. It is most important that better ways and means be
found to acquaint the American people on the whole with the problems
of the Navajo and Hopi tribes. An informed public opinion is a
desideratum. Tours like those here suggested may prove a very efficient
method of achieving this end. Once the road from Sawmill to Canyon De
Chelly has been improved, conducted tours may not be needed, but the
availability of a good road net should be properly advertised to the public
and accommodations should be held at a level commensurate with the
requirements of modern American travelers. Quite possibly, the vicinity
of Gallup might not serve as a feasible or desirable starting point for
informative tours as here pictured. This is probably of secondary
importance. The chief points are that the Navajo and Hopi tribes are
believed to be in a position to obtain revenue from the scenery of their
land, and that better contacts between Whites and Indians are possible. It
might be desirable to provide tourists with nontechnical literature dealing
with the Reservation, the scenery, and the points of special interest on
their drive, as is usually done in National Parks. Such pamphlets could be
illustrated with black-and-white pen and ink sketches at nominal cost.

The second potential source of income lies, we believe, in the
availability of certain ornamental stones. To turn these into money, the
Navajos must be made familiar with the stones themselves, their uses for
the white man must be explained, and ways and means must be found to
stimulate the inherited artistic skill of the Navajos, so that these new
stones can be added to the turquoise and silver with which the Tribe has
won world renown.

New state and federal projects are bringing many families into the
vicinity who can afford to live in comfortable homes, and thousands of
new homes are being built in the large area surrounding the Navajo and
Hopi Reservation. Modern homes are designed with good taste and attract
many retired couples who come from northern and eastern states to
escape the severe winters. Increasing trade and new industries attract
additional thousands to the Rocky Mountain area surrounding the
Reservation. This stimulates the building industry and develops new
markets for building materials. The Reservation has stones that compare
favorably with materials procured from other areas. As an example, the
middle portion of the Chinle formation has many zones of pale-maroon to
salmon-colored, fine-grained sandstone that flake into
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slabs 1 to 4 inches thick, and several square feet wide. Such material could be
put to good use as flagstone in gardens, retaining walls, and in the walls of
homes; the slabs could be used for sidewalks, pavements in garden walks, in
mantelpieces, and in walls surrounding chimneys and fireplaces. Public
buildings, churches, facades of business offices, restaurants, and gasoline
stations could be embellished materially by the use of these flagstones. They
are easily obtainable in quantity. Enough to fill hundreds of trucks could be
obtained in Black Creek Valley, east and northeast of Fort Defiance, and in
other places located closer to all-weather routes outside the area surveyed. The
innumerable motels and tourist courts that have sprung up along U. S.
Highway 66 no doubt would be seriously interested in buying this very
handsome ornamental stone to add to the attractiveness of their buildings.
This flagstone is easily obtainable. All that is needed is a truck, a crowbar, and
a display and storage place where customers can inspect the goods. To
establish a trade in such a commodity requires a little enterprise, organization
and skill, and good publicity.

We are convinced that the Tribe could turn the immense volume of
silicified wood into a profitable business with the aid of a few artists, craft
specialists, and clever salesmen. At present, petrified wood—nearly all of red
color—can be seen in displays of jewelers, or crafts. Silica is very hard, and the
polishing makes it expensive. But there are other petrified woods—Dblack, gray,
tan, or mottled colors—in quantities 10 or 100 times the volume of the red
wood, lying idle in countless ravines, on hill slopes, and plateaus.

A modern 16-in. diamond saw will cut blocks of silicified wood, as large as
7 x 10 in., in 20 minutes or less. The cut surface is so smooth and so free from
irregularities that a coat of krylon will give it a luster indistinguishable from a
good polish. If the surface wears off, it can be renewed in a few seconds by
means of another spray. With such a saw, a block of silicified wood can be
slabbed int