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INTRODUCTION
General Statement

This thesis presents the results of a study of the Shinarump con

glomerate of Nokai Mesa, Arizona and Utah, an area which lies about 

15 miles west of Monument Valley. It includes comparisons with the 
Shinarump conglomerate of other areas in northern Arizona and southern 

Utah. Special emphasis is placed on the occurrences of uranium in the 

unit in an attempt to determine relationships between sedimentary 

structures and uranium mineralization.

The chief purpose of this work, therefore, is to obtain detailed 
information on the lithology and sedimentary structures of the 

Shinarump conglomerate. These features are believed to have con

trolled the deposition of the uranium minerals at Nokai Mesa. Such 

studies should contribute substantially to an understanding of the 

ore deposits.

The geologic field work was conducted during the summer and in 

the latter part of December of 1952. The studies included detailed 

examinations of the uranium deposits for the purposes of determining 

which features associated with these minerals had a critical influence 

on their localization.

Careful attention was given to cross-stratification in the 

Shinarump conglomerate. Dip and dip direction measurements of the 
cross-strata were made to determine the nature of the currents



2

responsible for deposition of the formation and to determine, if possi

ble, relationships between the mineral deposition and the cross- 
stratification.

Stratigraphic sections were measured in the Nokai Mesa area and 

representative lithologic samples were collected for later laboratory 

study. A geologic map of Nokai Mesa showing the areal distribution of 
the rock formations and structures was prepared, based on aerial 
photographs (flown by Aero Service Corp., 1951, scale 1:22,000).

In addition to the detailed studies of the Shinarump conglomerate 
on Nokai Mesa, reconnaissance examinations were made in several other 

selected areas. This work involved cross-stratification studies and 

measurements of the thickness of the Shinarump, together with the col

lection of lithologic specimens for laboratory study. The objectives 
were to contrast the Shinarump of a mineralized area with that of 

unmineralized areas and to seek clues to the causes of ore deposition 

that might otherwise be overlooked. Areas of reconnaissance study were 

near Piute Farms, Utah, Fort Defiance, Arizona, Fredonia, Arizona, and 

the region immediately south of Lee’s Ferry, Arizona. Studies were 

also made of the highly mineralized area at the Monument Number 2 

Mine, Arizona.
Laboratory studies included the making of mechanical analyses of 

the detrital sediments, the determination of composition, roundness, 

and sphericity in Shinarump pebbles, and the identification of heavy

mineral suites
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Location and Accessibility

The Nokai Mesa area lies approximately 25 airline miles northwest 

of Kayenta, Arizona, the nearest post office (Fig. 1). It lies 

astride the Utah-Arizona state line at latitude 37 degrees, 

longitude 110 degrees 47 minutes.

10.7 miles north of Kayenta on Route 1, the road to Nokai Mesa 

cuts to the west of the main road which continues through to Monument 

Valley. The cutoff winds in a general northwesterly direction for 

18.2 miles to a fork in the road. The north branch continues on to

Hoskinnini Mesa while the west branch continues for 4.5 miles to the
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southern end of Nokai Mesa. At the time of writing these roads are 

regularly graded by the Skelly, Sinclair, and Texas oil companies, 

which are cooperating in drilling a wildcat well on Hoskinnini Mesa.

Piute Farms, Utah, is situated along the south bank of the San 
Juan River almost 20 miles north of the Utah-Arizona State line, north 

northeast of Nokai Mesa. It lies along a poorly marked road leading 

northwest from Oljeto, Utah.
Monument Number 2 Mine, Arizona, latitude 37 degrees, longitude 

109 degrees bO minutes, may be reached on a well marked road branching 

to the east of the main Monument Valley road a few miles south of 

Mexican Hat, Utah.

Fredonia, Arizona, latitude 36 degrees 55 minutes, longitude 
112 degrees 40 minutes is on U. S. Highway 89, as is the area south of 

Lee's Ferry, Arizona, latitude 36 degrees 50 minutes, longitude 
111 degrees 36 minutes.

Fort Defiance, Arizona, may be reached on a paved road branching 

to the west of U. S. Highway 666 nine miles north of Gallup, New 

Mexico, There are other unpaved roads leading to it which are charted 

on most road maps. The latitude is 35 degrees 45 minutes, and the 

longitude is 109 degrees 5 minutes.

Climate

No weather records have been kept of the Nokai Mesa area.

Kayenta, according to records dating from 1916 to 1927, has an aver

age annual precipitation of 8,86 inches. Minimum and maximum
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temperatures recorded were -18 and 104 degrees F., respectively. Nokal 

Mesa has an elevation approximately 300 feet higher than Kayenta, so 

receives somewhat more rainfall throughout the year as indicated by the 
type of vegetation present.

Precipitation is concentrated into two distinct seasons. One 

extends from late July until early September and consists largely of 

cloudbursts and violent rains. The other is from December to February 

and consists largely of snow. Precipitation between these wet seasons 
is extremely scanty.

The scope of this report does not include a description of the 
vegetation and wildlife occurring on the mesa. However, they are typi- . 

cal of the Upper Sonoran life Zone throughout the region. All of Nokai 
Mesa lies in the Pinyon Pine-Juniper belt.

The climate of the other areas studied varies with the altitude. 

Higher elevations are cooler and more moist than the lower. Precipita

tion throughout the Colorado Plateau is concentrated in the two wet 

seasons.

Topography and Drainage

The Nokai Mesa area lies within the Colorado Plateau physiographic 

province. It is included in the Segi Mesas.section of the Navajo Coun

try as defined by Gregory (1916, p. 47). North-flowing tributaries of 

the San Juan River have incised deep canyons in a formerly large table

land, leaving the remnants as mesas and buttes. Most of the Nokai Mesa 

is drained by Nokai Creek, an ephemeral stream bounding the mesa on the
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west. The pattern formed is dendritic. Small canyons trending west 

mark the courses of the streams tributary to Nokai Creek. The eastern 

quarter of Nokai Mesa drains into Copper Canyon.

Little relief is present on the flat tops of the mesas, but the 

steep cliffs bounding them descend to canyon floors as much as 2,000 

feet below. The maximum relief between Nokai Mesa and its surrounding 
canyons is 1,300 feet. Its altitude above sea level is 5,500 to 6,000 

feet.
The residual buttes and mesas carved by the erosion of the large 

table-land in the region studied have a singular beauty which makes 

them a great scenic attraction, particularly in the area to the east 

of Nokai Mesa known as Monument Valley.

Previous Investigations

A wealth of geologic literature deals with the areas of northern 

Arizona and southern Utah considered in this paper. Many of these 

papers cover problems not closely related to the Shinarump conglomerate, 

however, so will receive no mention here. Gregory (1913) was the first 

to publish a detailed paper concerned with the Shinarump and is a 

pioneer in the study of that unit. In subsequent work Gregory (1916, 

1917, 1933) has written extensively on the areal geology of the Navajo 

Indian Reservation and has mapped many exposures of the Shinarump con

glomerate. The most comprehensive paper covering the general geology 

of the Monument Valley area, which includes Nokai Mesa, Piute Farms, 

and the Monument Number 2 Mine, is that by Baker (1936). He lists the 

various papers which had been written by earlier workers in that region.
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Fischer (1950) gives a summary of the problems of the uranium

bearing sandstone deposits of the Colorado plateau. Stokes (1950) 

published a general review of the problems involved in the study of 

the Shinarump conglomerate and proposed a theory to account for the 

time and mode of deposition of this formation.
More recently, geologists of the United states Geological Survey 

and the Atomic Energy commission have carried on extensive studies of 

the Shinarump conglomerate in connection with their “fissionable 

materials exploration programs," and have published numerous 

preliminary papers on their findings.

At Nokai Mesa, the Atomic Energy Commission has core drilled 

parts of the shinarump conglomerate in a search for uranium ore.

While the summer field work involved in this study was underway, the 

Commission was drilling for ore at Hoskinnini Mesa, just to the east

of Nokai Mesa



CHAPTER 1

METHODS OF INVESTIGATION 
Lithologic Studies

Procedure:
Sandstone specimens:

Samples for laboratory study were collected from the selected 

sites in the Shinarump conglomerate. Two methods of collection were 

employed. One involved collecting samples at 10 foot intervals, start

ing at the basal contact. The other consisted of taking samples from 

exploratory drill cores, sampling at each point where a change in 

lithology could be detected with the unaided eye.
Samples weighing 12b grams each were acidized in 1:4 nitric acid, 

allowed to stand for a week, then washed twice with water, and thor

oughly dried. They were weighed again and the loss in weight of 

solubles was noted.

The dried samples of sand were gently broken up into their con

stituent grains by means of rubbing by a wooden board in a concave 

wooden "mortar." Such treatment minimized the likelihood of shattering 

individual sand grains. The samples were next separated into their 

various grade sizes by means of the "Tyler Standard Screen Scale" 

(Twenhofel and Tyler, 1941) used on a Rotap machine. The percentage 

weights of the grade sizes were then plotted on histograms and cumula

tive curves. From quartile measures of the cumulative curve, the
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sorting coefficient, So, was determined from Trask’s (Trask, 1932) 

formula:

So = VQ.VQs
where is the larger quartile (the 2b% value) and 

Qg is the smaller quartile (the 75^ value).

The second quart ile, the bOfo line of the cumulative curve, gives 

the median or average grain diameter of the sediment.

Trask states that good sorting is represented by.values of So less 

than 2.5, moderate sorting by values between 2.5 and 4.0, and poor 

sorting by values greater than 4.0. . .

Upon completion of the mechanical analysis, the grains caught in 

the 1/16 mm. sieve were treated with tetrabromoethane in order to 
remove the heavy minerals for microscopic examination.

Gravel specimens:

Suites of 50 gravel specimens were collected at random at locations 

where cross-stratification measures were made. The largest gravel spec

imen which could be found in a locality was also collected. The great 

majority of gravel specimens collected were in the 16-32 mm. size range. 

The percentage of each rock type in the samples was determined.

Roundness and sphericity studies were made in order to find the 

average value for each set of pebbles. Soundness involves a quantita

tive determination of the sharpness of the corners and edges of a pebble.

Roundness values are estimated by comparing the pebbles with a set 
of roundness images originally prepared by Krumbein (1941). The images
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represent roundness values ranging from 0.1 to 0.9. Percentage results 

are plotted on histograms and cumulative curves. The average value for 

the roundness"is read off the 50 percent line of the cumulative curve.

Roundness of pebbles generally increases with increase of distance 

of transport, provided breakage of pebbles does not occur to any great 

extent. Under the same conditions of abrasion, relatively hard pebbles, 

such as chert, tend to be less rounded than softer varieties such as 

limestone.

Sphericity is a measure of the shape of a particle, or the close

ness of its shape to that of a circumscribing sphere. Sphericity there

fore depends on the relative lengths of the three diameters of a gravel 

particle.
Zingg (1935) devised a way of obtaining the shape of a particle by 

plotting the ratio of the intermediate to the maximum diameter or inter

cept against the ratio of the shortest to the intermediate intercept. 

Krumbein (1941) plotted lines of equal sphericity on the grid of Zingg’s 

chart, so that it is now possible to obtain a numerical value for the 

sphericity of a pebble by measuring its three intercepts and locating 

the value on Krumbein’s chart.

The sphericities of a set of pebbles are plotted on a histogram and 

cumulative curve. The average or median sphericity is read off the 

50 percent line on the cumulative curve.



Cross-Stratification Studies

General;

Statistical studies of cross-stratification in the Shinarump con

glomerate were made in every locality where the formation was examined. 

Studies of this nature have yielded clues to two factors involved in 
the deposition of the Shinarump: 1) the direction of the movement of 

the depositing currents, and 2) the environment of deposition.

The cross-strata of the Shinarump conglomerate have been classified 

according to the types recognized by McKee and weir (1953). Three 

major types of cross-stratification, depending on the character of the 

lower bounding surface of the set of cross-strata are: 1) simple cross- 

stratification, in which the lower bounding surface of the set is not 
one of erosion but one of non-deposition or change of character,

2) planar cross-stratification, in which the lower bounding surface of 

the set is a planar erosional surface, and 3) trough cross-stratifica

tion, in which the lower bounding surface of the set is a curved surface 

of erosion.

Procedure:

Statistical studies following the method of Reiche (1938) as modi

fied by vjeir (1950, personal communication to S. D. McKee) were made in 

the Shinarump conglomerate. At each locality studied, 30 random readings 

were taken of the dip and the dip direction in order to find the average 

value of each at that particular* locality. At Nokai Mesa and Monument 

No, 2 Mine many sets of readings were taken in order to identify subtle
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changes of direction of dip over small areas.

In calculating the average direction of dip, a slight modification 
of Weir’s method has been used. In this procedure the number of meas
urements having the same aip direction is determined for each set of 

readings. The sine and the cosine of each dip direction are weighted 

then by multiplying each by the number of measurements, A summation is 

made of the positive and negative sine values anu also of the positive 

and negative cosine values. The azimuth of the average direction of 

dip ( «*< ) is that angle whose tangent is equal to the summation of the 

sines divided by the summation of the cosines, as in the formula:
Tan=< = R aines

. ^cosines
The quadrant in which the resultant lies is determined from the follow
ing table of simple trigonometric relationships:

Sin+ Sint
Cos- Gos+
Tan— Tan+
Sin- Sin-
Cos- Cos+
Tan+ I Tan-

The average direction of dip obtained for each set of readings is 
indicated by an arrow on a map.

The average degree of dip is the arithmetic mean of the sum of 
the dip angles.

For each set of cross-stratification measurements, the thirty 

readings may be plotted on polar coordinate paper in order to give a 

graphic representation of the distribution of dip directions of the 

set. This actually is a type of histogram which is divided into 36 

ten degree segments. Dip direction readings falling within one of the
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ten degree segments are plotted in that particular segment and the 

length of the "bar” formed is proportional to the number of readings 

represented. The average dip direction as previously determined then 
is plotted as an arrow on the polar coordinate paper.

The consistency factor (Fc), a measure of the reliability with 
which any one measurement approximates the average direction of dip, is 

calculated from Weir*s formula:

Fc =» vfesines)8 + (^cos.)g 
no. readings

In the completely unlikely event that all the readings have the same 

bearing, the consistency ratio would be unity, its highest possible 

value. Complete lack of uniformity of distribution of the readings 
would reduce the consistency ratio to zero. A consistency ratio of 
over 0.50 is considered high.

After considerable testing, thirty readings were considered suffi

cient to determine the average dip direction within limited zones in 

the Shinarump conglomerate. Early in the investigation 50 readings 

were taken in all areas examined. When the average dip direction of 

of the first 30 consecutive readings was determined, it was found to 

lie within 5 degrees of the average dip direction of all 50 readings. 

Such a procedure was followed several times with the same results. The 

conclusion was reached that the extra 20 readings were superfluous.

Readings of dip and dip direction at Nokai liesa were taken in 

areas of about 100 yard radius in an effort to determine changes in the 

average dip direction over short distances. If larger areas, such as
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all of Nokai Mesa were considered, hundreds of readings would probably 

have been necessary to determine the average direction of dip, for in 
distances of a half mile or less the average dip directions change by 

as much as 180 degrees. A similar condition occurs, at Monument No. 2 
Mine to. the.:east.'.of Nokai Mesa.



CHAPTER 2

gene r a l geology of nokai m e s a
General

The sedimentary rocks cropping out in the immediate vicinity of 

the Nokai Mesa belong to the Permian and Triassic systems (Plate II). 

They consist of a thick series of red beds alternating with light- 

colored, cross-stratified sandstones. The area is on the west flank 

of the Organ Rock Monocline and the strata dip to the west at three 

degrees. A few high angle normal faults of small displacement strike 

at nearly right angles to the monoclinal axis. The area has many 
close-spaced, vertical joints.

No igneous rocks are exposed in the area mapped. The nearest 

outcrop of igneous rock is at Oljeto Mesa, 12 miles to the east. It 

consists of a dark-colored basic dike of Tertiary age, according to 

Gregory (1917, p. 100).

Sedimentary Rocks

Cutler formation:

The Cutler formation, of Permian age, includes a series of alter

nating light-colored sandstone and red bed members underlain by the 

Rico formation and overlain by the Moenkopi formation. The name was 

first used by gross and Howe (1905).
The nomenclature for the various members of the cutler formation as
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currently used in the Nokai Mesa area was introduced by Baker and 

Reeside (1929). In so doing, they rejected the application of a 
Grand Canyon terminology and used that of the San Juan Mountain 

region. This eliminated a great deal or earlier confusion. A review 

of the older systems of nomenclature is given in their paper.

In the area of Nokai Mesa, the Cutler formation is divided from 

bottom to top into the Halgaito tongue, the Cedar Mesa sandstone, the 

Organ Rock tongue, the De Chelly sandstone, and the Hoskinnini tongue. 

The Halgaito, Organ Rock and Hoskinnini tongues are red beds; the two 

sandstone members are light-colored, cliff-forming units.

The lower two subdivisions of the Cutler formation do not crop 

out in the immediate vicinity of Nokai Mesa, nor is the bottom of the 
Organ Rock tongue exposed there.

Organ Rock tongue:

The Organ Rock tongue of the Cutler formation consists of a series 

of red beds. These form the floors of the canyons and the lower parts 

of the cliffs which border Nokai Mesa on the east. The slope formed 

by weathering of the Organ Rock tongue steepens steadily upward from 

the canyon bottoms and merges into the cliffs which are continuous 
with those of the overlying De Chelly sandstone. To the east of Nokai 
Mesa, the Organ Rock tongue forms the lower parts of buttes and monu

ments in Monument Valley. The red color contrasts strongly with the 

light tan of the De Chelly sandstone above. The Organ Rock tongue has 

been recognized as a unit only in the area of Monument Valley 

(Bradish, 1952, p. 51).
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The contact of the Organ Rock tongue with the underlying Cedar 

Mesa sandstone is not exposed in the area of Nokai Mesa. Baker (1936, 

p. 35) describes the contact as being gradational, which implies the 

lack of a significant time break between forming of the Cedar Mesa 

sandstone and deposition of the Organ Rock. The contact of the 

Organ Rock with the overlying De Chelly sandstone also is traditional. 

Lenses of De Chelly sandstone lithology are common in the top of the 

Organ Rock tongue. These lenses are light-colored and cross-stratified 

and differ markedly from the normal, flat-bedded, red siltstones and 

claystones of the Organ Rock. In some places along the contact, how

ever, the break between the two types of lithology is sharp, with no 

evidence of a transition zone. Both of these types of contact are 
present at Nokai Mesa.

Greenish to yellowish gray bleached spots up to several inches in 

diameter are scattered in the red beds of the Organ Rock tongue where 

they are in contact with the De Chelly sandstone. They are similar in 

appearance to the bleached areas in the Moenkopi formation where it is 

in contact with the Shinarump conglomerate and are believed to be 

caused by the deoxidation and leaching of the iron pigment.

The Organ Rock tongue is composed mostly of redaish brown clay- 

stones and siltstones, some of which are structureless, others shaly. 

Fine-grained red sandstones and gray sandstones are interstratified 

with limestones and mud pellet conglomerates. Most of the claystone 

and siltstone units are nodular weathering and in many places have a 

fluted appearance. This erosional feature is well developed at 

Organ Rock, a monument a few miles northeast of Nokai Mesa.
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The thickness of the Organ Rock tongue varies greatly. Its maxi

mum thickness of 800 feet is near the mouth of Comb Wash (Baker, 1936, 

p.34). At the northeast corner of Hoskinnini Mesa, a few miles to 

the east of Nokai Mesa, the thickness of the Organ Rock tongue is 

540 feet and at Nokai Mesa it probably is very close to 500 feet.

De Chelly sandstone:

The De Chelly sandstone member of the cutler formation is a 

cross-stratified sandstone which forms nearly vertical cliffs bounding 

Nokai Mesa. Its resistance to erosion is not great for it is very 

friable. At Nokai Mesa the De Chelly sandstone mostly crops out as 

sheer walls. The sandstone forms these walls where it is protected 
by overlying resistant beds, where cap rocks have been stripped away, 
the sandstone is carved into the rounded forms.

Baker (1956, p. 37) states that locally in the Monument Valley 

area, 20 feet or more of strata at the top of the De Chelly sandstone 

change gradationally in lithology and bedding from the De Chelly sand

stone lithology to finer-grained red beds of the overlying Hoskinnini 

type. Such a condition is not evident at Nokai Mesa.
At Nokai Mesa, the upper contact appears to be an even surface with 

some slight irregularities a few inches high which separate the cross- 

stratified medium to fine-grained De Chelly sandstone from the red- 

brown sandy siltstone of Baker's Hoskinnini tongue. In most areas the 

upper two feet of the De Chelly sandstone is bleached white and con
trasts with the tan to pinkish gray of the normal De Chelly sandstone

below this zone
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The De Chelly sandstone consists of fine- to medium-grained quartz 

sand, cross-laminated throughout on a medium scale. The color ranges 

from pink to gray or buff. The cement is calcareous and weak. Some 

ferruginous material is present, giving the sandstone a pink color 

where sand grains are coated with a thin film of iron oxide.
The thickness of the De Chelly sandstone is 318 feet on the east

ern edge of Nokai Mesa. It thins northward toward the San Juan River 

and wedges out completely northeast of Monitor Butte. It is not pres

ent at Piute Farms, Utah.

Hoskinnini tongue:

The Hoskinnini tongue of the cutler formation, the type locality 

of which is at Hoskinnini Mesa, has been considered by Baker (1936) as 
the topmost unit of Permian age in the Monument Talley area. It con

sists of redbeds which generally weather into a bench that caps the 

De Chelly sandstone. The redbeds of Baker’s Hoskinnini tongue crop 

out on the walls of many of the mesas and monuments of the Monument 

Valley area. Baker has mapped the tongue at Nokai Mesa.

On both the west side of Hoskinnini Mesa and at Nokai Mesa a sharp 

lithologic break occurs at the contact between the De Chelly sandstone 

and the overlying redbeds of Baker’s Hoskinnini tongue. The redbeds 

cover a truncated surface of cross-laminae of the De Chelly sandstone.

The contact of the Hoskinnini tongue with the overlying Moenkopi 

formation, according to Baker (1936, p. 39), is a sharp lithologic 
boundary with changes in "constitution and color.” Such relationships
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are not observable at Nokai Mesa (Plate III B).

The color of Baker’s Hoskinnini tongue at Hokai Mesa is the same 
as that of the overlying Moenkopi formation. No sharp change in lith

ology occurs at the horizon where he has mapped the contact. There is 

no apparent basis on which to divide the Hoskinnini tongue from the 

Moenkopi formation at Nokai Mesa. Bradish (1952) notes similar diffi

culties in dividing the two red beds at Clay Hills, Utah.

Because the natural division between the cutler group and the 

Moenkopi formation seems to lie at the sharp break between the D® Chelly 

sandstone and Baker’s Hoskinnini tongue, the Hoskinnini tongue probably 

should be assigned to the Moenkopi formation. At Nokai Mesa no basis 

for separating the Hoskinnini tongue from the Moenkopi formation occurs 
and any separation of one from the other must be strictly arbitrary.
The Hoskinnini tongue therefore is included in the Moenkopi formation 

in the map in this paper.

Moenkopi formation;

The Moenkopi formation of Early Triassic age unconformably over- 

lies the Permian Cutler formation in the Monument Valley area. It 
crops out as a redbed slope which separates the resistant Shinarump 

conglomerate cliffs from the walls of De Chelly sandstone. At Nokai 

Mesa, the general slope is in most places broken by three distinct 
ridges of relatively resistant material.

The history of the nomenclature of the Moenkopi formation is 
complicated. Ward (1901) first applied the name "Moencopie” to the 
formation from its type locality at the mouth of Moenkopi Wash in the
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Little Colorado Valley, not far from Cameron, Arizona. The approved 

spelling is now Moenkopi. Baker and Reeside (1929) correlated the 

redbed series between the cutler formation and the Shinarump conglom

erate in the Monument Valley area with the type Moenkopi formation 
of the Little Colorado River Valley.

At Nokai Mesa the base of the Moenkopi formation is considered 

by the writer to be at the base of Baker's Hoskinnini tongue. The 

contact with the underlying D@ Chelly sandstone constitutes a sharp 

lithologic break. Its contact with the overlying Shinarump conglom

erate is marked by an erosional unconformity where deep scours in the 

Moenkopi formation are filled with Upper Triassic deposits. Immedi

ately below this contact a zone of bleaching occurs in the Moenkopi, 
redbeds having been altered to a gray or olive-gray to yellowish green 
color. This altered zone, in most places one to two feet in thickness, 

is present at all the localities where the Shinarump overlies the 

Moenkopi.

The most abundant rock types in the Moenkopi formation of the 

Monument Valley area are siltstones and claystones, red brown in 

color and easily weathered. The siltstones are shaly to structureless 

and many of them are ripple-marked. Most of the shaly, ripple-marked 

variety are slope-forming, but the structureless type tends to form 

ridges. Most of the claystones are structureless, crumbly, and slope

forming. Gypsum is scattered through the formation as thin seams of 

selenite, following shaly partings and also occurring as surface coat

ings on the redbeds. sandstones are rare in the Moenkopi formation of 

the Nokai Mesa area; they are fine-grained and most of them are
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interbedded v/ith ledge-forming siltstones. Thin limestone beds less 

than one foot thick occur in the lower part of the formation.

Primary structures in the Moenkopi formation in this area are 

strongly indicative of a continental environment. Ripple marks abound 

in the shaly siltstones and are of two types. One is a crescent

shaped type and is termed "cusp ripple mark." The other type consists 

of nearly parallel ripples which arc an inch or so apart and are about 

one-half inch in height. These two types of ripples are typical of 

water current action. Other features indicative of a continental 

environment are mud cracks, common in the shaly siltstones. Most of 

the Moenkopi deposits in this area are believed to have been accumulated 

on a flood plain of low relief that had a gentle slope to the west and 
northwest (the direction of thickening of the Moenkopi).

As a result of a study of the marine invertebrate fauna, Shimar 

(1919) established the presently accepted Early Triassic age of the 

Moenkopi formation. A study of the vertebrate fauna in the Moenkopi 

formation at Holbrook, Arizona, by Relies (1947) gives further con

firmation of the Early Triassic age and also suggests that the upper

most part may be younger, possibly Middle Triassic. Peabody’s (1948) 

work on the trackways of vertebrates yields essentially the same 

results; the formation is Early Triassic and part of it may be Middle 

Triassic.

An eastward thinning of the Moenkopi formation is evident through

out the Monument Valley area and has been clearly demonstrated by 

Baker (1936, p. 46). Its thickness on the east side of Nokai Mesa
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is 274 feet; on the west side of Hoskinnini Mesa it is 252 feet. Still 
farther to the east, beyond the limits of the Monument Valley area, 

thickness of the formation is progressively less and the formation is 

absent just to the west of the Arizona-New Mexico boundary. McKee 

(1951) ascribes this thinning to non-deposition rather than to erosion 

after Moenkopi deposition. The areas around Canyon De Chelly and the 

Lukachukai Mountains in northeastern Arizona appear to have been land 

masses during much of the Paleozoic and probably existed as positive 

elements also in Early Triassic time. They acted as barriers to 

deposition and probably contributed some of the sediment which was 

deposited to the west.

Following Moenkopi deposition a period of subaerial erosion 
ensued during which streams cut deep scours in the Moenkopi, while the 
interfluves were mostly being reduced to areas of extremely low relief. 

The duration of this erosional period is uncertain, but it was followed 

by the deposition of the Shinarump conglomerate which filled the scours. 

Both scouring and filling are particularly well developed in the 

Monument Valley area.

Shinarump conglomerate;

The Shinarump conglomerate, of Late Triassic age, forms the cap 

rock of Nokai Mesa and of the many buttes and monuments in Monument 

Valley, in most places it assumes the form of a cliff rising above 

the slopes or Moenkopi sandstone and is quite prominent. The basal 

contact with the Mornkopi formation is an erosional unconformity, but 

the contact with the overlying Chinle formation, at least in the areas



25

to the south, west, and north of Nokai Mesa, is transitional. The 

Shinarump conglomerate is composed mostly of medium- to coarse-grained 
sandstone, with lesser amounts of quartz pebble conglomerate and 

greenish-gray claystone. Silicified wood is scattered throughout the 

Shinarump conglomerate. Cross-stratification in most parts of the
i

formation testifies to the action of currents which deposited it. At 

Nokai Mesa, the thickness of the Shinarump conglomerate as developed in 

areas between major scours in the Moenkopi formation is 100 feet. The 

Shinarump-filied scours, locally called channels, are incised up to 

185 feet below the level of the Moenkopi-Shinarump contact on their 

flanks, giving the Shinarump a maximum thickness of at least 285 feet 

at Nokai Mesa. The channels are of prime importance, for uranium 
mineralization occurs in many of them but is not present beyond their 
limits. A detailed discussion of the Shinarump conglomerate of Nokai 

Mesa and a study of the uranium mineralization is given in a succeeding 

section of this paper.

Chinle formation:

The Chinle formation rises as a slope above the bench formed by 
the Shinarump conglomerate at Skeleton Mesa, Piute Mesa, and No Man's 

Mesa, which respectively are to the south, west, and north of Nokai 

Mesa. The Chinle deposits have been stripped from Nokai Mesa itself 

and from the areas to the east of it including Hoskinnini Mesa,

Oljeto Mesa, and Monument Valley. For this reason it does not appear 
on the geologic map accompanying this report.

The Chinle formation is of especial interest because the
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Shinarump conglomerate grades into it,both vertically and laterally.

Near the top of the Shinarump in most areas a series of interbedded 

light to dark brown sandstones and mudstones, up to 20 feet thick, 

have characteristics of both formations. The top of the Shinarump 

conglomerate is arbitrarily placed at the top of the uppermost member 

of this series with sandstone lithology. In some places, this forma

tion grades laterally into the variegated shaly beds typical of the 

Chinle formation and undoubtedly was deposited contemporaneously with 

them. No sharp time break appears to separate these two rock units in 

the areas around Nokai Mesa. Remnants of the transition zone exist as 

small mounds rising slightly above the general level of the surface of 
Nokai Mesa.

The Chinle formation consists of continental sediments, chiefly 
variegated shaly mudstones which weather with vivid colors. The lower 

two thirds of the formation is purple, bright green, and bluish gray 

and the upper part is red to reddish brown. Thin, cherty limestone 

beds and conglomerates composed of angular limestone pebbles and mud 

pellets are interbedded with the shaly material. Silicified wood is 

present although it is not so abundant as in the Shinarump conglomerate. 

In the areas around Nokai Mesa the thickness of the Chinle formation 

is between 800 and 900 feet. The formation grades into the overlying 

Wingate sandstone of Jurassic age.

Many vertebrate fossils have been found in the Chinle formation 
in areas other than Monument Valley. They represent the remains of 
dinosaurs, phytosaurs, amphibians, fishes, dicynodonts, ana thecodonts.
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The fresh water mollusc Unio occurs at several horizons of the forma

tion. Camp’s (19v-0) study of the Chinle phytosaurs established the 

Late Triassic age of the formation. Further paleontological confirma

tion of the Late Triassic age is given by Daugherty (1941) as a result 
of plant remains from the Chinle formation.

Structural Geology of Hokai Mesa

general

Nokai Mesa, together with the mesas and monuments to the east, 

lies on the west flank of a broad asymmetric fold called the Monument 

Upwarp. The steeply dipping east flank of the upwarp is bounded by 

Comb Ridge and the gently dipping west flank extends to the Navajo 
Mountain Dome, 50 miles to the west of comb Ridge. Baker (1936, p. 64) 
describes the Monument Upwarp as plunging to the south, disappearing 

in northern Arizona about 20 miles south of the Utah-Arizona State 

line. To the north it extends about 75 miles beyond the San Juan River 

in Utah. The axis of the uplift trends northward and splits into tvo 

subordinate axes in the southern part of the fold, of which the 

western axis, the Halgaito anticline, lies 27 miles east of ' . , Nokai 
Mesa.

The gently dipping west flank of the upwarp is modified by sev

eral asymmetric anticlines and adjacent synclines which also trend 

northward, more or less parallel to the axes of the uplift. Three of 

these anticlines lie to the west of the Halgaito anticline. All have 
steeply dipping east limbs and gently dipping west limbs.
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Nokai Mesa lies between the Organ Rock anticline, six miles to 

the east, and the Nokai syncline, immediately to the west. The east 

flank of the anticline, just to the east of Koskinnini Mesa, has a 

maximum dip of 18 degrees. The west flank dips from one to three 

degrees with a three-degree dip at Nokai Mesa. Bradish (1952, p. 55) 
reports the presence of two closed domes on the Organ Rock anticline, 

both of which are of considerable interest to petroleum geologists. 

The wildcat well being drilled on Koskinnini Mesa is on the southern 

dome.

Jointing:

Two sets of equally developed vertical joints occur throughout 
the Nokai Mesa area. Deep weathering along these fissures creates a 
pattern of linear depressions clearly visible on aerial photographs. 

The spacing of both sets varies from five.to 50 feet and the strikes 

also vary. One set ranges from H20W to N75W and the other ranges from 

S40v/ to S85?f. In many places where these joints extend into the 

Moenkopi formation they are lined with calcite crystals a few milli

meters in diameter. No other evidence of mineralization or alteration 

is apparent along the major joints.

Faulting:
A few high-angle normal faults of 40 foot displacement or less 

occur on Nokai Mesa (Plate III A). They strike almost at right angles 

to the generally northward trending axis of the Organ Rock anticline, 
a feature of common occurrence in areas of monoclinal folding. In the
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Moenkopi formation the faults branch into subsidiary step faults of 

smaller displacement, forming a fault zone. Gypsum crystals and cal

otte crystals are developed in the fault zone in the Moenkopi, but 

apparently do not occur in the Shinarump. The width of the fault 

zone ranges from 10 to 15 feet, although in one place where a fault 

cuts an erosion channel in the top of the Moenkopi formation, the 

width of the zone is only three feet. No mineralization or alteration 

occurs in the Shinarump conglomerate along these faults, and there is 

no apparent relationship between uranium deposition and faulting.

Time of deformation:

According to Baker (1956, p. 75), the age of the deformation of 
the Monument Valley area is post-Cretaceous and pre-Eocene, based on 
the relationship between Eocene and. Cretaceous strata to the north and 

east of Monument Valley. The disturbance is part of the Laramide

Revolution



CHAPTER 3

GEOLOGY OF SHINARUMP CONGLOMERATE AT NOKAI MESA 
General Statement

Much of the following discussion of the Shinarump conglomerate at 
Nokai Mesa is applicable to the formation in other areas as well, for 

the conglomerate shows relatively little variation in its properties 

from area to area. In order to bring out such differences as exist, 

the Shinarump conglomerate of areas other than Nokai Mesa is discussed 

in later sections of this paper, with mention of the similarities and 
contrasts.

General Appearance

The Shinarump conglomerate is a conspicuous rock unit throughout 

the Monument valley region in particular and much of the Colorado 

Plateau in general. It has a relatively great resistance to erosion 

compared to the underlying and overlying formations and, as a result, 

in many places stands out as the cap rock of mesas, buttes, and hogbacks. 

Its topographic expression almost everywhere is that of a cliff or 

ridge (Plate XE).

The gray to buff colors of the Shinarump conglomerate tend to 

give it prominence for these colors contrast strongly with the reddish 

brown of the underlying Moenkopi formation and the variegated, pastel 
hues of the overlying Chinle formation. This contrast of colors is
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discernible at distances of many miles.

Distribution and Thickness

The type locality of the Shinarump conglomerate as defined by 

Gilbert (1875) is at the Shinarump Cliffs, south of the Vermilion 

Cliffs, in the southern part of Kane County, Utah. It is the con

glomerate underlying. Upper Triassic marls (Chinle) and overlying 

Lower Triassic marls (Kbenkopi) in southern Utah and northern Arizona.

The Shinarump conglomerate is an extremely widespread unit. 

According to stokes (1950) with its equivalent formations, it had an 

original areal extent of 125,000 square miles, extending across north

ern Arizona, southern Utah, and less extensively across central, 
northern, and western Utah, western Colorado, northwestern New Mexico, 
southeastern Nevada, and southwestern Idaho. It is properly termed a 

blanket deposit for its thickness is in most places less than 50 feet, 

although locally it may exceed 300 feet. In some areas, as south of 

Lee’s Ferry, Arizona, islands of Moenkopi shale that are surrounded by 

Shinarump conglomerate are directly overlain by marls of the Chinle 

formation. Thus, the thickness of the Shinarump conglomerate varies 

considerably over small areas in some parts of the Colorado Plateau. 

The persistence of this thin formation over such a large area presents 

a problem concerning its origin and environment of deposition. The 

solution of this problem would considerably advance knowledge of 

similar blanket conglomerate deposits.
The thickest exposures of Shinarump conglomerate known anywhere
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are in the Monument Valley area. At Nokai Mesa the formation is 100 

feet thick from the base to the upper zone grading into the Chinle 

formation. Deposits filling channels locally add an additional 185 

feet of thickness to the formation, so the total in some places 

approaches 285 feet. To the east, at Hoskinnini Mesa, one channel 

cuts 250 feet into the underlying Moenkopi formation, so the Shinarump 

conglomerate has a total thickness of 350 feet at this place— the 

greatest noted in the area. In all the areas examined outside of 

Monument Valley, the Shinarump conglomerate is less than 60 feet in 

thickness, with an average thickness of less than 35 feet.

The erosion which stripped away the Chinle deposits at Nokai Mesa 

removed a considerable portion of the Shinarump conglomerate along the 
rims of the mesa. Most of the Shinarump cliffs capping the mesas range 
from 20 to 50 feet in height as a result, and an impression of the 

great thickness of the entire formation is not obtained from a view 

of the cliffs alone.

The thickness of the shinarump conglomerate varies in the area 

around Nokai Mesa. Five miles to the southeast it thins to 50 feet, 

the thinnest exposure observed in the immediate vicinity of the area. 

The Shinarump conglomerate thins out completely at Clay Hills, Utah, 

northwest of the Monument Valley region.

Age of the Shinarump Conglomerate

The age of the Shinarump conglomerate is consiuered by most 
geologists to be Late Triassic. This is based on paleontological
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studies of the formation and its position in the stratigraphic sequence.

Vertebrate remains are scattered through the Shinarump conglom

erate and consist of fragments of non-diagnostic bones, chiefly those 

of phytosaurs and amphibians. Stokes (1950) mentions the occurrence 

of fresh water molluscs in the conglomerate but these are also non

diagnostic. McKee (1937) has identified invertebrate fossils in 

limestone pebbles of the Shinarump from near Cameron, Arizona. These 

represent a fauna from the marine facies of the Kaibab formation, but 

they bear no relation to the age of the formation.

Plant remains are abundantly distributed throughout the Shinarump 

conglomerate. Daugherty (1941) has examined the flora and considers 

it to be the same as that in the overlying Chinle formation. He has 
identified many representatives of the Late Triassic conifer 
Auraucarioxylon arizonicum in both formations, on the basis of his 

studies he placed the Shinarump in the Lato Trlassie.

Stratigraphic evidence tends to confirm this conclusion. The 

Shinarump conglomerate unconi'ormably overlies the Hoenkopi formation, 

the upper part of which may be Middle Triassic. The tine of the 

hiatus is not known, but the widespread eroded upper surface of the 

Moenkopi suggests a considerable amount of "cime is represented. The 

Shinarump conglomerate grades into the overlying Chinle formation of 

known Late Triassic age. The implication of these factors is that the 

Shinarump is also of Late Triassic age.

Location of Late Triassic Uplift

An absence of significant angular discordance between the
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Moenkopi formation and the Shinarump conglomerate indicates that areas 

of uplift supplying the coarse detritus of the Shinarump conglomerate 

must have lain beyond the limits of the basin of deposition. There is 

evidence that one region of uplift was south of the present Colorado 
Plateau in Arizona and another was in Colorado, to the east of the 

area of deposition.

Triassic sedimentation in Arizona apparently was confined to the 

northern half of the state, as shown by McKee’s (1951) isopach maps. 

Certain pebbles from the Shinarump gravels in this area are of dis

tinctive types, lithologically similar to the pre-Cambrian quartzite 

beds of central and southern Arizona. Diagnostic fossils contained 
in Shinarump limestone pebbles from northern Arizona also indicate a 
southerly provenance (McKee, 1937). Furthermore, progressive decrease 

in size of gravel specimens in a northerly direction across this state 

from the zero isopach line is evident even on casual reconnaissance. 

Gravel specimens of the formation are of cobble size at Cameron but are 

much smaller at Lee’s Ferry and smaller still at Fredonia, Arizona.

The above evidence tends to establish the existence of one source of 

detrital sediments somewhere in central and/or southern Arizona.

A second area of uplift in Late Triassic time was in Colorado 

according to Lee (1926, p. 83). Judging by the large size of Shinarump 

gravels occurring at Fort Defiance, Arizona, the eastern uplifted 

area may have extended farther south than Colorado.

Quartzite pebbles occurring in southeastern Utah in the Shinarump 

conglomerate are described by Gregory (1938, p. 48) as differing in
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"no essential" from pre-Cambrian quartzites of Utah and Arizona. This 

implies another possible source area in Utah.

The conclusion is that the detrital matter of which the Shinarump 
conglomerate is composed was derived from highland areas which bordered 

the depositional area on two or more sides. The uplifted regions 

apparently were of high relief, as indicated by the evidence of vigor

ous erosion and long transportation represented by the vast amount of 

clastic material spread over so wide an area. Evidence of widespread 

volcanism in these upland areas is presented by Waters and Granger (1953). 

They believe ash was showered down and transported to the sites of 

conglomerate deposition and has since been devitrified with a loss of 
silica.

Late Triassic Climate

Earlier workers, including Gregory (1917, p. 41), envisioned a 

semi-arid to arid climate at the time of Shinarump conglomerate deposi

tion. Paleobotanical studies by Daugherty (1941, p. 35), however, give 

evidence of a moist subtropical to tropical climate in (Late Triassic 

time. Viet and dry seasons alternated, as shown by the growth rings of 

trees. Moisture was sufficient to support large amounts of vegetation 

which he believes grew as dense forests along streams, in swamps, and 

in the uplands. Alternating wet and dry seasons imply that the water 

volume flowing in streams varied with the seasons, and as a result 

sediment load capacities probably also varied.
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Pre-conglomerate Surface

The nature of the Moenkopi surface at the time Shinarump conglom

erate deposition occurred is a controversial subject. Some geologists, 

including Gregory and Moore (1931, p. 52), believe the Shinarump con

glomerate to have been deposited upon a widespread erosion surface ' 

formed after development of the Moenkopi formation. Stokes (1950, 

pp.95-96) considers the conglomerate to be a thin veneer on a pediment 

surface, its deposition having been accompanied by erosion which wore 

down resistant highs. T^e writer, as a result of his own observations 

of the formation, agrees with the earlier workers. Significant erosion 

does not appear to have accompanied Shinarump deposition; the Shinarump 
conglomerate apparently was deposited on an erosion surface by streams 
debouching from the adjacent highlands.

Waters and Granger (1953, p. 3) believe the streams depositing the 

Shinarump conglomerate were braiding types. Streams of this kind form 

a sheet wash which spreads sediments over large areas. The surface 

over which they flowed was probably a wide low flood plain. The water 

probably was not confined to well-defined channels and fluctuated in 

volume. Depressions in the pre-Shinarump erosion surface were filled 

in first by coarser material and the excess finer detritus was 

deposited as a general blanket covering the ancient erosion surface.

The evidence of cross-stratification studies tends to confirm these

ideas.
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Basal Contact

The contact of the Shinarump conglomerate with underlying beds is 

everywhere an erosion surface. This unconformity is especially con
spicuous in the Monument Valley area. Although Barton (1925, p. 119) 

states that he found no evidence for a notable time or erosional break 
between the Shinarump conglomerate and the Moenkopi formation, so many 

other geologists have noted the unconformity that its existence must 

be considered securely established. It has been observed at every 

locality included in the present study. In none of the areas examined 

by the writer is there an angular.discordance at the contact, but to 

the north of Monument Valley, at M0ab, Utah, Baker (1933, p. 77) 

reports a discordance at this horizon. The upwarping responsible for 
this presumably antedated deposition of the Shinarump, but because the 

Chinle formation rests on the Moenkopi, the disturbance possibly was • 

post-Shinarump instead.

At Nokai Mesa, the basal Shinarump contact is an undulatory surface 

which is interrupted by deep channels incised as much as 185 feet into 

the Moenkopi formation. These are filled with Shinarump sands, gravels, 

and clays (Plates III A,II1 B). These channels are believed to repre

sent the courses of ancient streams and are the most notable features 

of the unconformity in that area. A second striking feature at the con

tact between the Shinarump conglomerate and the Moenkopi formation is 

a widespread bleached band in the upper part of the Moenkopi (Plate IV A). 

Here the typical, red brown shade of the Moenkopi formation has been 

altered to a gray to yellowish green color.
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Bleached zone in the Moenkopi formation;

The bleached zone in the upper part of the Moenkopi formation is 
a gray to yellowish green calcareous layer beneath the unconformable 

contact with the Shinarump conglomerate. It is developed in all the 
areas examined in this study. The thickness of this band in most 

places is one to two feet, although locally, where closely spaced 

vertical fractures extend downward from the Shinarump conglomerate, it 

may reach eight or ten feet (Plate IV B). Over horizontal distances of 

hundreds of feet this zone is remarkably constant in thickness. Wavy 

variations of a few inches here and there do not affect this general 

impression. At the sides of the pre-Shinarump erosion channels the 

alteration zone is somewhat thicker than elsewhere, but along the 
bottoms of these channels it again becomes thin. The greatest thick
nesses are in channel troughs where closely spaced jointing occurs.

Where the basal contact of the Shinarump conglomerate is with 

structureless Moenkopi claystones, the light-colored band of bleaching 

is in most places underlain by a one to two foot light red transition 

zone which grades downward into unaltered red brown Moenkopi beds.

The alteration zone is nodular-weathering and crumbly. Where the 

Moenkopi formation at the contact is a fine-grained sandstone, not all 

of the bleaching is conspicuous; the sand locally is lightened somewhat 

in color from red brown to pale red brown, but in places the green 

color is not developed. In most areas where minor textural variations 

occur in the Moenkopi, such as thin silt layers overlying claystones, 

the coarser-textured sediment is less bleached than the finer. A pale
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red zone may grade downward into a gray or yellowish green layer in these 

places. Other colors such as yellow and purple are developed locally 

in the alteration zone, probably representing varying degrees of 
bleaching. They are of limited extent.

In many places along the contact angular blocks and rounded 

pellets of Moenkopi sediment included in the Shinarump conglomerate 

show alteration patterns similar to the bleached Moenkopi bands. A 

greenish yellow halo on their outer margins grades into pale red and 

to red brown, indicating a decrease in the intensity of the bleaching.

Cause of bleaching:

The presence of the bleached zone in the Moenkopi formation is best 
explained by postulating a period of alteration by ground water action 
subsequent to deposition of the coarse-grained permeable Shinarump 

conglomerate. An alternative explanation is that the zone represents 

the remains of a soil profile formed during the post-Moenkopi period 

of erosion. This latter explanation, however, is refuted by three 

facts: 1) the thickness of the altered zone is partially controlled by 

joints, some of which extend upward into the Shinarump conglomerate;

2) the zone has an extremely uniform thickness over large distances, 

a condition which would not be expected on a soil surface since 

localized scouring must have accompanied Shinarump deposition; and 3) 

Moenkopi fragments included in the basal part of the Shinarump con

glomerate show bleached haloes around unaltered nuclei, a relationship 
which can not be accounted for by the soil profile idea.

Keller’s (1929) experiments on redbed bleaching offer an
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explanation for the mechanism of alteration in the zone below the 

Shinarump. He made quantitative analyses of redbed sediments and 

others from adjacent bleached areas. The bleached material was found 

to have less ferric oxide and also less ferrous oxide than the unaltered 

redbeds, although the loss of ferric iron was two to three times as 

great as the loss of ferrous iron. A marked increase in the calcium 

carbonate content also was noted.

Artificial reduction of the ferric oxide pigment of redbeds by 

HiS solutions failed to produce bleaching except where it was accom

panied by leaching of part of the iron by means of carbonic acid. A 

gray to green color was then produced. This experiment indicates that 

to account for the removal of the red color and the production of gray 
or green in its stead, leaching must take place in addition to reduc
tion. Ground water is a natural agent for reducing and leaching iron 

from sediments, and forms the basis for an explanation which can 

account Tor the various features in the bleached zone of the Moenkopi 

formation.

The bleaching of redbeds along their contact with permeable 

sandstone or gravels is not a rare phenomenon. At Uokai Mesa it occurs 

to a slight extent at the contact between the Organ Rock and the De Chelly 

members. McKee (1933) has noted a bleached zone of clay in the upper 

two feet of the soft, red Hermit shale at its contact with the over- 

lying Coconino sandstone in the Grand Canyon. Ground water action 

most probably is responsible for the zones of alteration in these 
formations, too. Almost everywhere ground water carries carbonic acid
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in notable amounts, and quite often it transports reducing agents such 

as hydrogen sulfide. Its action is limited to the upper parts of the 

redbeds because they are not permeable enough to allow penetration of 

the water to any greater depth. Bleaching may be expected where per
meable beds overlie impermeable redbeds.

Brosional unconformity:

In the interchannel parts of the erosion surface beneath the 

Shinarump conglomerate there are undulations up to six feet in ampli

tude and 20 feet in length. Many of the irregularities are so broad, 

however, that they can be discerned only by hand-leveling. In most 

places this Moenkopi-Shinarump interface is a rough surface marked by 
small pockets cut into the upper beds of the Moenkopi formation and 
filled with Shinarump sediment. Most of the pockets are scours a few 

inches deep and a foot or two in width (Plate IV A). At some places 

along the contact, mudcracks formed in the Moenkopi formation are 

filled with sandstone, forming wedges that taper downward into the 

contact alteration zone. Mudcracks are common in the Moenkopi forma

tion, but few of them are filled with sand of the Shinarump conglom

erate. One large sand-filled mudcrack at Nokai Mesa has a maximum 

width of an inch and a depth of five inches.

On the flanks of the pre-Shinarump erosion channels, the contact 

with the Moenkopi formation slopes steeply downward, dipping 30 to 50 

degrees from the horizontal. Typically, the slope becomes progres

sively more gentle with increasing distance from the top, giving the
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channel a roughly semi-circular outline (Plates V A, V B). This con

tact truncates Moenkopi beds unevenly in places where it is especially 

steep. Mudstones oi the Moenkopi formation are undercut by scouring 

and Shinarump sediment has back-filled these overhangs for distances up 

to two feet locally. Whole blocks of Moenkopi strata have slumped from 

above in some places and moved downward a few feet, being elongated 

parallel to the contact. Some of these blocks are as large as five 

feet by two feet. They are highly fractured and angular.

Where the slope of the contact is slight in the erosion channels 

the contact surface locally approaches the relative smoothness exhibited 

outside the channel. Some erosion channels have flat bottoms extending 

for distances as great as 300 feet. In these the surface of unconform
ity is no more irregular than in the interchannel areas. Undulations 

50 to 75 feet wide locally interrupt the flat or gently sloping bottoms 

of the channels and here and there are cut down an additional 15 to 20 

feet, forming the trough of the channel. At Nokai Mesa the bottoms of 

channels are particularly favorable sites for uranium and copper 

mineralization (Plate VI A).
The length of the deep channels in the Monument Valley area is 

measured in many miles. The Atomic Energy Commission geologists have 

projected apparent channel trends from outcrop to outcrop, giving an 

idea of the lengths and pattern of the scour trends (Geologic map of 

Nokai Mesa, Plate I). Projection of the channel trends, however, 

should not be considered a completely reliable means of showing channel 

extensions, for unrelated channels may have patterns connected in this



43

manner. The pattern of trends of channel outcrops at Nokai Mesa as 

extended by Cutter (1952) seems to indicate a meandering stream scoured 

the Moenkopi. The channel outcrops at Nokai Mesa are 2000 to 3300 feet 
wide.

Some pre-Shinarump erosion channels in the Monument Valley area 

are not continuous according to Witkind (1952, oral communication).

They die out at one end and their floors are canoe-shaped. The south 

end of the channel at Monument Number 2 Mine is an example. At Nokai 

Mesa, however, no channel is known to die out. The canoe-shaped ends 

may represent the heads of pre-Shinarump conglomerate gullies carved 

in Moenkopi redbeds.

Time represented;

The time represented by the Shinarump-Moenkopi unconformity has 

not been satisfactorily determined. Deposition of Shinarurap conglom

erate that closed the period of erosion was in Late TTiassic time.

Since the Moenkopi formation is of Early Triassic age and possibly in 

part of Middle Triassic, the suggestion is made that erosion occurred 

during much of Middle Triassic time. This probably would have been 

enough time for a well-developed erosion surface to form. It would 

suggest that the currents responsible for the erosion were not 

necessarily the same as those that deposited the conglomerate.

Amount of erosion:

The thickness of Moenkopi beds removed prior to deposition of the 

Shinarump conglomerate has not been determined. The Moenkopi is
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progressively thinner to the east and this has been attributed to non

deposition (McKee, 1951). The preservation of this original feature 

after pre-Shinarump erosion may be due to either of two possibilities:

1) the amount of erosion decreased uniformly in an easterly direction; 

or 2) only a small amount of Moenkopi has subsequently been removed, 

so an original eastward diminution in thickness has not been affected. 

The second alternative appears more probable than that of relatively 

less erosion eastward. It is not reasonable to assume that erosion 

should be progressively less, at nearly the same rate, in one direction. 

In the erosion channels, of course, considerable sediment has been 

removed during pre-Shinarump erosion. Between channels, however, the 
original thickness probably has not been decreased by more than a few 
tens of feet at most.

Upper Contact

In the Monument Valley region as in other areas that are discussed 

in this paper, the shinarump conglomerate grades upward into the Chinle 

formation. For this reason it is considered by Barton (1925), Camp 

(1950), and many other workers to be the basal conglomerate of the 

Chinle formation. Gregory (1917, p. 39), on the other hand, considers 

the upper contact to be unconforraable in some of the areas he investi

gated and attaches significance to the distinctive change in lithology

at the contact.
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Original Sedimentary Structures

Original sedimentary structures in the Shinarump conglomerate were 

studied in order to obtain information on the direction of movement of 

the transporting currents, the environment of deposition, and the 

influence of these structures on the localization of uranium minerali

zation in the unit. The most obvious structure of the Shinarump con

glomerate is its cross-stratification. The bedding of the Shinarump 

is also a significant structure of large scale, small-scale original 

structures of the formation include unconsolidated rock deformation, 

current lineation, ripple marks, and possibly sand concretions.

Stratification:

Most bedding in the Shinarump conglomerate is poorly defined and 
highly irregular. In many places it is not discernible upon casual 

inspection and the whole formation appears as a single stratum, with 

no apparent intraformational breaks from bottom to top. Lenses of 

conglomerate grade both laterally and vertically into sandstone, and 

sandstone grades locally into clay lenses. Such transitions develop 

without bedding planes. Thin layers of clay between sandstone deposits 

weather more readily than do the sandstones and locally develop pseudo

bedding planes, but close inspection commonly reveals the grading of 

sand into clay without a sharp break between the two types of lithology.

On the southwest side of Nokai Mesa, a persistent layer of platy- 

splitting, fine- to medium-grained sandstone forms a slope between two 
cross-stratified members of the formation. Its thickness is 20 to 30
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feet. Such a bed also crops out at the isolated digitation just north
east of channel outcrop E.

Lenses of claystone, sandstone, and conglomerates are in most 

places parallel to the basal contact of the formation. This relation

ship even occurs in many places within the erosion channels. Lenses 

of detrital sediments in some of the channels are oriented parallel to 

the steeply sloping flanks of these channels.

Cross-stratification:

Cross-stratification is extensively developed in the Shinarump 

conglomerate in all the areas studied in this paper. Studies of 

cross-stratification in other formations by Knight (1929), Shotton 

(1957), Reiche (1938), and McKee (1940) have amply demonstrated the 
value of systematic work on this type of structure, such a method of 

study has not been applied to the Shinarump conglomerate of northern 

Arizona prior to the present investigation. Similar statistical 

studies of cross-stratification in the shinarump conglomerate are 

being conducted in Utah by Dr. George Williams of the United States 

Geological survey.

Two types of cross-stratification occur in the Shinarump con

glomerate of Nokai Mesa and other areas studied (Plates VII A, VII B). 

Planar cross-stratification is a variety generally formed by water 

flowing as a sheet wash. In this process cross-strata are built up to 

base level at which point they cause building upward and are deposited 
laterally, forming an advancing front of cross-strata. When the base
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level is raised, the process is repeated. Most of the currents involved 

in sheet wash are braiding types, so the dip directions of the resultant 
cross-strata show considerable variation.

Trough cross-stratification is developed by a process of scouring 

and filling, as the base level alternately lowers and raises. It is 

the common type at Nokai Mesa.

The scale of the cross-stratification in Shinarump deposits that 

are above the level of channel flanks is medium (one.to 20 feet long). 

Within the channels themselves it is large— that is, individual cross

strata are more than 20 feet in length. Most of the stratification in 

the channels is difficult to study, however, because it occurs in sheer 

cliffs and because in most places it is poorly etched by weathering, so 
appears massive or structureless. As a result of these factors, little 
detailed study has been possible of cross-stratification within the 

channels.

on the basis of average dip direction and type of cross-strata, 

the Shinarump conglomerate at Nokai Mesa can be divided into three 

units (Fig. 2). As the formation can not be satisfactorily separated . 

into units on the basis of lithology, cross-stratification studies have 

proved to be of considerable value in this area. Similar units or 

zones occur in other areas and serve as a basis for tentative correla

tion of parts of the formation over these areas.

The lowermost zone at Nokai Mesa is exclusively within a large 

channel fill. Above this unit there is a middle zone which extends 

over wide areas beyond the channel— immediately overlying the basal
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TYPES OF CROSS —  STRATIFICATION 
IN THREE ZONES

UPPER ZONE

TROUGH TYPE, 
SOME PLANAR

MIDDLE ZONE

PLANAR TYPE, 
LOCALLY ABSENT

LOWER ZONE

TYPE NOT 
IDENTIFIED

FIGURE 2
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contact of the formation. Locally it is missing. Its thickness ranges 

from 0 to 40 feet. The upper zone is even more 'widespread than the 

middle zone. Its absence in some localities possibly is due to removal 

by erosion. Its maximum thickness is 60 feet and its top is indicated 

by the lowest beds of the transition zone between the Shinarump con

glomerate and the Chinle formation.

Lower zone:

The cross-stratification of the lowermost zone in the Shinarump 

conglomerate is vaguely defined and its type has not been determined. 

Along the sloping flanks of pre-Shinarump erosion channels large-scale 

cross—strata dip toward the channel centers, but elsewhere the nature 

of the cross-stratification is not well known. The only place where 
statistical studies in this zone were made at Nokai Mesa was at the 

southwesterly extension of channel outcrop E (Plate I). Here the 

ancient channel profile is exposed in a shallow, modern gully, so the 

steep walls which in most places limit accessibility are absent.

The average dip direction of 30 cross-laminae at the Nokai Mesa 

channel is N11W with a consistency ratio of 0.68 (Fig. 3). This 

indicates that the currents depositing these cross-strata were moving 

nearly transverse to the northeasterly trend of the channel. The con

sistency factor is lower than that of the other two zones in this 

locality. The trend of the cross-strata suggests that filling of the 

ancient channel was from the south side. The cross-laminae are confused 

in appearance, and contrast with the easily identified types of the 

overlying zones, if filling from the side actually occurred, an



FIGfURS 3

Lower Zone Cross-strata Trends

s
Location: Southwest extension of channel outcrop E.

Average direction of dip: N11W

Consistency factor; 0.62

Scale: one inch division = 4 readings
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explanation, is furnished for conflicts in current directions and for 

the confused appearance of the cross-strata.

Middle zone;

The middle zone on Nokai Mesa mostly contains the planar type of 

cross-stratification. Some trough type sets have formed as a result 

of localized scouring with subsequent filling. In most places this 

zone is covered by strata of the upper zone. Locally, they are 

separated by platy-splitting sandstone that forms an intermediate 

division between the middle and upper zones.

Seven sets of cross-stratification readings within the middle 

zone show average dip directions resulting from a general northeasterly 

current movement. The averages of all seven sets fall within quad
rants I and TV of the compass and range from NIKE to S9E (Table I and 
Fig. 4).

Where the average dip direction of each set of readings is plotted 

on a map (Plate I), a northeasterly trend is apparent. Two deviations 

having a southerly direction show the trend to be not absolutely con

stant. Complete uniformity in direction, however, should not be 

expected in currents of sheet wash which typically braid.

A middle zone of cross-stratification recognized to the east at 

Hoskinnini Mesa has a southerly trend. It is correlated with the 

middle zone at Nokai Mesa because of its similar position between the 

channel zone and an upper zone of cross-strata.

At Nokai Mesa the middle zone of cross-stratification is locally
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TABLE I

Middle Zone Gross-strata Trends

No. Avg.
Location Avg.Dip Readings Dir’n Fc

SW Nokai Mesa 14° 30 N17E ♦ 95 Planar

SE Nokai Mesa 18® 30 N12E .70 Planar and 
Trough

West Central
Nokai Mesa 13® 30 N60E ♦ 91 Planar
West Central
Nokai Mesa 16® 30 N24E .93 Planar and 

Trough
Over Channel
Outcrop E 

Over Channel

15® 30 N40E .93 Planar and 
Trough

Outcrop I 20® 30 S9E .95 Planar

Over Channel
Outcrop D 11® 30 S37E .89 Planar
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FI3UR3 4

Middle Zone Cross-strata Trends

Location: Channel outcrop E

Average direction of dip: N40E

Consistency factor; 0.93 

Scale: one inch division = 4 readings
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absent and in its place the upper zone directly overlies the channel 

zone. This situation may be only apparent, due to possible failure 

to recognize the middle zone. Dip direction of cross-strata in it 

conceivably could parallel the directions of dip in the overlying 

zone and have the same type of cross-stratification in places. 

Alternative explanations are that the middle zone was not deposited 

locally, or that subsequent scouring prior to filling with upper 

zone strata removed all traces of it.

In most places, change from the middle zone to the overlying 

upper zone is marked by a sharp change in the average dip direction 

of cross-strata. The change is especially evident over channel 

outcrop B on Nokai Mesa (Plate I and Figs. 4, 5).

Upper zone:

The uppermost zone on Nokai Mesa consists mostly of the trough 

type cross-stratification— a result of scouring and filling from 

fluctuating base levels. Planar cross-stratification locally is 

developed to a slight degree in the uppermost zone. The average dip 

directions trend from northwest to southwest (Table II and Fig. 5).

In the area over channel outcrop H (Plate I), one set of cross-strata 

trends easterly, diametrically opposed to the average dip directions 

of the zone in areas immediately north and south of it.

Interpretation of zoning:

A history of the deposition of the Shinarump conglomerate at 

Nokai Mesa can be inferred from cross-stratification studies. It
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FI3URE 5

Upper Zone Gross-strata Trends

Location: Channel outcrop E

Average direction of dip: N59W

Consistency factor:

Scale: one inch division = 4 readings
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TABLE II

Upper zone Cross-strata Trends

Location Avg.Dip
No.
Readings

Avg.
Dir’n Fc Type

West Central
Nokai Mesa 18° 30 N33W .92 Trough
West Central 
Nokai Mesa 21® 30 N23W .45 Trough
Central 
Nokai Mesa 14® 30 N41W .90

Trough and 
Planar

Over channel 
Outcrop E 16® 30 N59W .85

Trough and 
Planar

Over Channel 
Outcrop C 19® 30 S67W .90 Trough
Over Channel
Outcrop D 13® 30 N68E .88 Trough
900 ft. NW 
Channel 
Outcrop G 15® 30 S57W .88 Trough

4900 ft. N 
Channel 
Outcrop G 14" 30 N80E .92 Trough

5900 ft. N 
Channel 
Outcrop G 11" 30 S83W .90 Trough

Over Channel
Outcrop I 17® 30 N78W .95 Trough

5400 ft. SW 
Channel 
Outcrop I 18® 30 S56W .81

Trough and 
Planar

S of Channel 
Outcrop E 15® 30 S64W .88 Trough
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began with sheet wash flowing over a Moenkopi erosion surface of low 

relief. The coarse detrital materials transported by the sheet-wash 

were deposited as planar cross-strata sets, gradually building up as 

base level rose. Braiding action of the sheet wash caused some varia

tions in the direction of the cross-strata dips. Some fluctuation in 

base level is attested to by scouring and filling, and these resulted 

in the formation of a few sets of trough-type cross-strata.

The sheet wash flowed over previously existing stream channels 

carved in the Moenkopi formation and much sediment was dumped in 

these depressions. This is evidenced by the large scale cross-strata 

more or less paralleling borders of the ancient channels and by the 

confused nature of the cross-stratification.
Experimental work tends to confirm the idea that filling of the 

channels was from above. McKee (1953) reports that in experiments 

where stream channels were cut into unconsolidated sand they formed 

rectangular outlines. When the water level was raised, the sides of 

the scours slumped somewhat, forming a semi-circular profile resembl

ing the Shinarump-filled channel profiles.

When sediment was introduced into the submerged channels by 

settling from above, it formed sets of cross-strata conforming to the 

semi-circular profiles of the channels. When channels were not filled 

subaqueously from above, but by increase in stream load or decrease 

in stream velocity, the stratification of the deposits was nearly 

flat-lying. Because the Shinarump conglomerate cross-strata conform 
to the ancient semi-circular channel profiles and are not flat-lying,
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they probably were not deposited by the same streams that cut the 
channels.

As base level continued to rise, and the pre-Shinarump conglom

erate channels were being filled in, a period of quiet-water deposition 

developed. The locally developed platy-splitting sandstone unit gives 

evidence of this. It is not cross-stratified and thus indicated the 

absence of notable current action.

At a later time when the upper cross-stratification zone was 

deposited, fluctuations in base level caused local scouring and filling 

(Plate VIII A). The typical trough type cross-strata were thus formed. 

This period may have lasted until the beginning of Chinle deposition. 

The currents had a westerly trend during this time.

Small scale structures;

Small scale sedimentary structures occur in many of the areas 

where the Shinarump conglomerate has been studied. Although they do 

not appear to form a basis for subdivision of the formation into units, 

they are of especial interest because they reflect the environment of 

their deposition, studies of such structures aid in an understanding 

of that environment.

Ripple marks:

Ripple marks seem confined to the lower and middle zone of the 

Shinarump conglomerate at Nokai Mesa. They apparently are developed 

only in the fine-grained sandstones of the formation and appear 

restricted to the non-cross-stratified units. Both cusp and parallel
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ripple marks are represented. The cusp type is poorly developed, 

having a surface relief of only one or two millimeters; the parallel 

type is more common and is better developed. The parallel ripple 

crests are about five millimeters high and 10 to 20 millimeters apart. 

Ripple marks are mostly developed in a shallow water environment of 

deposition, and the parallel type normally is formed by sheet wash.

Lineation;

Current lineation is present in the Shinarump conglomerate near 

the base of pre-Shinarump erosion channels. It consists of a series 

of shallow elongate troughs several inches apart which are filled 

with sandstone. Most of the lineation parallels the orientation of 

silicified wood logs and indicates the path, but not the direction, 

of current movement. Ah channel outcrop E current lineation trends 

northeast, parallel to the orientation of many of the silicified logs. 

This is the same direction as the channel trend from outcrop E to 
outcrop d .

Unconsolidated Rock deformation:

In the upper zone of the Shinarump conglomerate at Kokai Mesa 
are localized crumpled, cross-stratified units interbedded with 

undisturbed sets of trough-type cross-strata (Plate IX A). The cross

laminae are contorted and locally overturned, closely resembling in 

cross-section a recumbent fold. The disturbances have small ampli

tudes, averaging three feet or less. The upper contacts of the 
deformed cross-strata in many places are truncated by the bottom
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surface of an undisturbed trough. These structures were not formed after 

deposition of the overlying beds and the forces which produced them 

were not great enough to affect underlying beds.

Two explanations of this deformation have been offered: 1) water 

frequently helps to support sediments and if it is removed, slumping 

may occur (Kindle, 1917), and 2) creep caused by an over-steepening of 

sediments during deposition on the sides of troughs may form distorted 

beds (Knight, 1929, pp. 74-78). The structures in the Shinarump con

glomerate resemble those produced experimentally by Rettger (1935) 

through removal of water from sediments, allowing them to slump. This 

produces more uniform and symmetrical folding than that formed by 

subaqueous slumping. Shinarump contorted bedding is mostly symmetrical, 
tending to favor the theory of emergent environment of distortion.

Sand concretions:

Sand concretions in the shinarump conglomerate appear only on 

weathered surfaces of that unit. They are domical bumps on the eroded 

sandstone surface of Mokai lies a and are dark brown to black in color 

(Plate IX B). Diameters vary from a few inches to one foot. The 

occurrence on weathered surfaces probably is due to the presence of 

ferruginous cement in addition to the calcareous cement, thus increas

ing the weathering resistance. Some concretions exhibit concentric bands 

of varying shades of brown and these grade into a nearly black nucleus. 

The core is crumbly and is thought to be a relict of a pyrite concre

tion. Pseudomorphs of limonite after pyrite are scattered across the 

surface of parts of Mokai Mesa, so the iron cement of the sand con
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cretions may have been derived from the pyrite.

No textural variations from one color band to the next are 

apparent. Thus, available evidence suggests that the sand concretions 

are not original sedimentary structures but the results of weathering.

Lithology of Shinarump Conglomerate at Nokai Mesa

General:

In certain lithologic characteristics the Shinarump conglomerate 

is strikingly uniform over the areas covered in this paper. It is 

composed of coarse-grained sandstones with lenses of conglomerate and 

shaly clay in varying proportions. Incorporated in these sediments, 

in many places, are remains of fossil wood and detrital fragments 

from the underlying formations. A gradation from one type lithology 
into another is a common feature.

A true picture of the overall composition of the Shinarump con

glomerate is difficult to gain because within short lateral distances 

the lithology changes from one basic type to a combination of all 

three. A measured section taken at any one locality by itself is inade

quate for use in deriving clastic ratios or making lithofacies maps. 

Because of the many lateral changes in lithology over short distances, 

the best method of obtaining statistical data is by estimating the 

percentages of sends, clays and gravels at intervals of a hundred 

yards laterally, and then determining the average of all these 

estimates. Actual measurements of these intervals normally are 

impossible to obtain because of sheer cliffs formed by the conglomerate.
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Estimates made at Hoskinnini Mesa and at Nokai Mesa give the 

following approximate percentages of material composing the Shinarump 

conglomerate: fine- to coarse-grained sandstones, 75 percent,

gravels, 20 percent, clays, five percent. The Shinarump conglomerate 

as developed at Nokai Mesa and at other localities studied is not a 

true conglomerate. Many geologists prefer the title "formation" to 

conglomerate, because the gravels are not the major rock type of the 
unit.

Sandstones:

Cross-stratified sandstones, which comprise approximately 75 per

cent of the Shinarump conglomerate at Nokai Mesa, are composed of 

nearly pure quartz sand in those areas outside of the channel fills.
In such places admixtures of clay in notable amounts are rare, but are 

quite common in the channels. The sandstones are mostly medium- to 

very coarse-grained, with very few of the finer grain sizes being 
represented. Many of the sandstones are conglomeratic, with granules 

and small pebbles making up to 10 to 20 percent of the sediment.

The cement in sandstones of the Shinarump conglomerate is pre

dominantly calcareous, and in most places ranges from 0.1 to 20 percent 

of the rock. In very few localities does the sandstone have silica 

cement, and where present it is mostly confined to the lower parts of 

the formation. The presence of silica cement is evidenced by greater 

induration of sandstones than those which have been cemented by calcite 

alone and by secondary overgrowths of crystalline quartz which have 

formed around some of the detrital grains.
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Nearly all sandstone specimens from the shinarump conglomerate 

are speckled with red brown limonite stains on fresh surfaces.

Scattered about the rock surfaces of the formation are pseudomorphs 

of limonite after pyrite, a possible source of the limonite specks.

Many of the sandstone surfaces in the Shinarump conglomerate 

sandstone at Nokai Mesa are coated with desert varnish, but on fresh 

faces the color is light gray to light tan.

Heavy minerals are represented primarily by zircon and tourmaline, 

but there are small amounts of apatite, garnet, and rutile. This suite 

of minerals occurs in all three cross-stratification zones in appar

ently like proportions; consequently the heavy minerals have not proved 

of value in distinguishing one cross-stratification zone from another.
The results of mechanical analyses of specimens from a drill core 

of channel outcrop E are given in Table III. These results demonstrate 

the coarse texture of sand in the Shinarump conglomerate and also the 

high degree of sorting within individual lenses of the formation. 

Although the shinarump conglomerate as a whole does not exhibit good 

sorting, individual lenses do since they reflect the load capacity of 

the transporting medium at a particular time. Season rainfall varia

tions probably caused fluctuations of water volume in the streams 

over long periods of time. The result would have been variations in 

load capacity and consequent variations in sediment textures and sort

ing over these time intervals. such conditions probably are respon

sible for the poor sorting of the Shinarump conglomerate taken in its 

entirety. Table III A shows similar results. Tables III and III A



TABLE III

MECHANICAL ANALYSIS OF DRILL CORE N-l 
CHANNEL OUTCROP E.

NOKAI MESA

Depth Pet. Percent weight retained by sieves. Size in mm.
in ft. Sol. 4 2 1 0.5 0.25 0.12 0.06 Pan So Md
5 ft. 0.1 0 0 0 0.5 18.8 56.4 11.0 13.3 1.32 .23 mm

20 0.2 0 0 4.4 36.8 41.2 13.3 0.6 3.6 1.41 .59 mm
55 6.0 .5 11.4 28.3 35.1 16.2 3.8 1.1 3.5 1.68 1.15 mm
64 0.5 0 0 .1 35.1 44.2 10.3 2.3 7.9 1.65 .48 mm
73 2.1 6.5 11.2 32.9 35.0 8.7 2.3 1.1 1.6 1.57 1.41 ram.
84 2.5 9.7 20.1 28.5 26.7 12.9 0.8 0.4 1.0 1.86 1.62 mm.

100 7.9 0 12.1 25.2 42.8 14.4 4.2 0.6 0.6 1.62 1.15 mm
105 3.0 0 0 5.0 56.3 21.0 6.7 2.4 7.8 1.46 0.73 mm
114 2.8 7.6 5.4 30.2 25.0 12.0 4.3 1.4 4.0 1.74 1.32 ram
130 9.6 0 9.1 29.3 39.7 14.5 4.4 1.8 1.1 1.62 1.15 mm
134 7.2 9.4 15.4 23.8 29.5 16.8 3.6 1.0 0.2 1.93 1.41 ram
140 6.1 0 3.1 23.2 47.1 15.5 6.2 3.0 1.7 1.47 1.00 mm
145 7.1 0 2.1 20.0 49.3 14.2 4.1 4.1 6.3 1.52 0.95 mm



TABLE III A

MECHANICAL ANALYSIS OF TEN FOOT SAMPLES 

SOUTHWEST HOSKINNINI MESA

Depth 
in ft.

Pet.
Sol.

Percent retained by sieves . Size in mm
So Md2 1 0.5 0.25 0.12 0.06 Pan

1 5.7 0 0 1.0 38.8 48.7 5.0 7.5 1.41 0.27 mm

10 1.0 0 2.5 53.2 24.0 7.4 3.6 9.6 1.46 0.65 mm

20 0.9 0 0 8.1 72.4 10.8 2.0 6.6 1.23 0.43 mm

30 2.2 0.2 0.3 9.8 64.8 15.9 2.7 6.3 1.26 0.45 mm

40 0.1 0 0 3.4 65.1 18.3 3.5 9.6 1.36 0.39 mm

50 0.2 0 0.2 5.8 65.6 24.8 0.3 3.2 1.23 0.43 mm

60 15.0 3.2 3.9 20.1 33.3 27.1 9.1 3.3 1.46 0.40 mm

70 10.5 1.2 2.1 50.5 36.8 6.7 2.4 0.3 1.41 0.71 ram

80 2.0 2.4 27.3 48.3 15.9 3.9 2.0 0.2 1.46 0.95 mm

90 7.5 1.0 6.8 20.8 59.5 6.3 3.6 2.0 1.32 0.46 mm

100 6.5 0 0 9.7 72.3 12.4 3.8 1.0 1.28 0.40 mm

Moenkopi formation at 102 ft.
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both appear to indicate increasing carbonate content of sediment with 
depth.

Conglomerates:

Conglomerates within the Shinarump are of two principal types— quartz 

pebble and mud pellet. The quartz pebble varieties are the more abundant 

of the two. They are present in notable amounts in interchannel areas 

of the formation and occur in greater quantity in the fills of pre- 

Shinarump channels (plate X A). Mud pellet conglomerates are mostly 

confined to the channel fills, having developed along their flanks and 

bottoms (Plate X B).

Quartz Pebble conglomerates:
The quartz pebble conglomerates for the most part have sandy 

matrices comprising 50 percent to 75 percent of the rock by volume, so 

they might he classified as conglomeratic sandstones. The gravels 

typically are lenticular bodies, but are locally strung out in thin 

linear arrangements called stringers. The pebbles are small, most of 

them no larger than two centimeters in diameter. The maximum sizes 

present in the Nokai Mesa area are very close to six centimeters in 

diameter. One individual pebble observed in channel outcrop B had a 

diameter of 15 centimeters and was by far the largest in the conglom

erate of ITokai Mesa. No other pebbles among those examined at Nokai 

Mesa approached this size. Pebbles decrease in abundance near the 

top of the Shinarump conglomerate.

Roundness and sphericity measures show little variation from zone
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to zone (Table rv). Roundness values are between 0.53 and 0.60. The 

sphericities range from 0.68 to 0.7b. Apparently the pebbles at Nokai 

Mesa underwent uniform conditions of stream abrasion, as indicated by 
the very slight variations in their roundness and shapes.

No great differences in pebble composition in the three cross

stratification zones are in evidence at Nokai Mesa. As in most areas 

where Shinarump conglomerate has been exposed, only the hard, resistant 

rock types are common. Limestone pebbles are present, but are insignif

icant in number. The reddish brown quartzite pebbles and white vein 

quartz-type pebbles make up the bulk of the gravels. Table V lists the 

percentages of rock types making up the gravels of the Shinarump con
glomerate at Nokai Mesa.

Mud pellet conglomerates:
Mud pellet conglomerates consist of angular to rounded fragments 

of claystone or siltstone that have been deposited along with other 

detrital particles in the lower parts of most channels. Most of the 

fragments are gray in color. The rounded specimens ordinarily do not 

exceed three inches in diameter. More angular fragments are larger, 

some of them occurring as blocks with dimensions up to five feet by two 

feet. The mud pellets obviously are derived from the Moenkopi formation. 

Some of the larger bleached fragments exhibit red brown interiors, 

exactly the color of the unaltered Moenkopi formation. The roundness 

of the smaller mud fragments indicates that they were transported some 

distance from the places where they were derived. Large fragments, in 

general, were moved short distances, accounting for their size and small



TABLE IV

PEBBLE COUNTS FOR NOKAI MESA AREA

Location
Number
Pebbles

Average
Roundness

Average
Sphericity

Outcrop C 50 0.53 0.68

Outcrop E 50 0.60 0.72

Outcrop E 50 0.57 0.72

Outcrop D 50 0.58 0.71

Outcrop D 50 0.54 0.73

Outcrop G 50 0.56 0.68

Outcrop G 50 0.54 0.69

2000 ft. NW 
Outcrop E 50 0.54 0.69

SW Nokai 
Mesa 50 0.57 0.73

Outcrop H 50 0.53 0.72
Outcrop I 50 0.55 0.71
Outcrop I 50 .59 0.69

Max. Size Zone
3x3x2 cm. Upper

4x2x1 cm. Middle

6x5x3 cm. Upper

3x2x2 cm. Middle

4x3x2 cm. Upper
6x4x3 cm. Lower

5x3x2 cm. Lower

3x3x2 cm. Middle

4x2x2 cm. Middle
2x2x1 cm. Upper
6x3x3 cm. Middle
3x2x2 cm. Upper

§
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Pebble Type

White to 
gray quartz

Pink quartz

Black quartzite

Yellowish to 
reddish brown 
quartzite

Limestone

Chert

TABLE V

COMPOSITION OF PEBBLES 
NOKAI MESA

BASED ON 500 PEBBIES

Percent

45.9

13.2

7.0

29.5

Remarks

Vitreous luster. Resembles vein quartz.

Fractures along plane surfaces.

With white quartz veinlets.

Better rounded than other types of 
pebbles.

1.0 Highly fractured.

3.2 Gray to pink color.
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degree of rounding.

The mud pellets, termed clay galls by some geologists, are enclosed 

in a clayey sand and quartz pebble martix. Some of the larger pellets 

appear to have been squeezed after deposition and give the impression 

of having flowed into the surrounding matrix. Shaly partings have de

veloped in many of the larger fragments of mudstone and these are paral

lel to the contact of the Moenkopi formation and the Shinarump conglom

erate (Plate VIII B). The parting and the evidence of flow after 

deposition indicate that the Moenkopi muds were poorly consolidated 

at the time of their inclusion in the overlying formation.

In deep scours along the bottoms of pre-Shinarump erosion channels 

at Nokai Mesa, the mud pellet conglomerates may occur with carbonized 

wood and the association is termed a "trash pocket." The mud pellets, 
sandy matrix, quartz pebbles, and carbonized wood appear to have been 

dumped into the scour and the term applied is quite descriptive 

(Plate VI B).

Most mud pellet conglomerates weather more readily than do the 

surrounding parts of the Shinarump conglomerate. Within these con

glomerates the mud pellets weather out more readily than the sandy 

matrices. In many places the sand remains with a pitted surface, the 

pattern of which resembles vesicular basalt exhibiting flow structure.

The relatively limited number of mud fragments of Moenkopi origin 

preserved in the Shinarump conglomerate appears to demonstrate that 

very little erosion accompanied Late Triassie deposition.
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Shaly clay lenses:

Shaly claystones make up a small part of the Shinarump conglomerate 

at Nokai Mesa and at the other areas included in this study. They are 

present in all three zones or cross-strata. Unlike the mud pellet con

glomerates, they have no obvious source such as the Moenkopi claystones.

The color or the claystone lenses is gray, without a trace of red. 

The lenses are not resistant to erosion and weather as indentations in 

the cliffs of the Shinarump conglomerate.

Fossil wood;

Four types of fossil wood are present in the Shinarump conglomerate 

at Nokai Mesa: 1) silica-replaced wood; 2) carbonate-replaced wood;

3) coal-like carbonized wood; and 4) charcoal-like wood. Silica-replaced 
wood is abundant at Nokai Mesa, but the other types are limited in 

amount and appear confined to the channel fill.
The silic'ified wood is present as logs and angular fragments 

scattered through the Shinarump conglomerate, but is most concentrated 

in the pre-Shinarump erosion channels. Most of the logs in the channels 

are surrounded by lenses or quartz pebble conglomerate or lenses of 

shaly claystone. In most places the logs have a definite orientation 

which parallels the channel trends as projected through space. The 

largest log observed at Nokai Mesa has a diameter of three feet and a 

length of at least 15 feet.

Calcite-replaced wood occurs with the carbonized varieties. Where 

such types of wood occur, conditions apparently have not been favorable
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for the replacement of wood by silica, for silicified wood is not 

common in these places. The charcoal has a dull luster and is soft. 

Coaly material is somewhat vitreous in appearance and is considerably 

harder than the charcoal. These last types of wood are important 

because of their association with uranium deposition in many channels.



CHAPTER 4

SHINARUMP CONGLOMERATE AT OTHER AREAS 
General

In most respects the shinarump conglomerate studied at Piute 

Farms, Utah, Fort Defiance, Monument Number 2 Mine, Lee’s Ferry, and 

Fredonia, Arizona, differs only slightly from the formation at Nokai 

Mesa. In these areas the conglomerate is similar in that it consists 

of cross-stratified sandstone, quartz pebble and some mud pellet con

glomerate, and claystone lenses. Scouring of the pre-Shinarump sur

face is evident in all these areas, although not to the extent of 
that at Nokai Mesa. At all these localities the upper contact zone 
of the Moenkopi formation has been bleached where it underlies 

Shinarump conglomerate.

The reconnaissance studies of these areas were concerned with the 

following features of the Shinarump conglomerate: 1) depth^of scouring

of the pre-Shinarump surface; 2) cross-stratification of the formation; 

3) gravel size, roundness, sphericity, and composition; and 4) the 

development of uranium mineralization in the conglomerate. The last 

phase is discussed in a following section of tills paper.

Scouring

The deepest scouring of the pre-Shinarump conglomerate surface 

known is in the region west of Monument Valley, which includes Nokai
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Mesa, Hoskinnini Mesa, and the Piute Farms area. The deepest pre- 

Shinarump scouring noted in the other areas studied occurs 12 miles 

south of the Marble Canyon Bridge, south of lee's Ferry, Arizona. At 

this place, an ancient channel incised 45 feet in the Moenkopi forma

tion has been filled with Shinarump conglomerate. Near both the north 

and south flanks of the channel, Chinle marls directly overlie Moenkopi 

redbeds, so the Shinarump conglomerate is absent not far from the 

flanks of the channel.

Moenkopi hills apparently rose as monanocks from the surrounding 

low-lying flood plain, and shinarump conglomerate deposition was 

limited to the low areas. The presence of residual Moenkopi hills 

appears to indicate that the Shinarump conglomerate deposition was 
not accompanied by significant erosion, but that deposition occurred 

on an older surface.

Near Fredonia, Arizona, the Shinarump conglomerate has filled 

scours cut 10 feet into the Moenkopi formation. The same depth of 

pre-Shinarump scouring was developed at Ft. Defiance, Arizona, where 

Shinarump conglomerate overlies the De chelly sandstone. The contact 

between the De Chelly sandstone and the overlying Shinarump conglom

erate is far more irregular than the letter's contact with the under

lying Moenkopi formation as developed in the Monument Valley area.
Sharp projections of De Chelly sandstone protrude into the overlying 

conglomerate. Some of these digitations are two feet in height and only 

one to two feet wide.

In the mineralized Piute Farms area and at Monument Number 2 Mine,
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scouring is well developed. At Piute Farms, the mineralized pre- 

Shinarump conglomerate channel is 89 feet deep, extending into the Moen- 

kopi formation. At Monument Number 2 Mine, the highly mineralized 

channel is 58 feet deep. It cuts completely through the Moenkopi 

formation to a depth of five feet into the De Chelly sandstone 

(Plate V B).

Cross-stratification

Zoning in the cross-stratification of the Shinarump conglomerate 

occurs at Monument Number 2 Mine, Arizona. Its presence is question

able at Piute Farms, Utah. At the latter place there is only one pre

dominant direction of dip of cross-strata and that is westerly. The 
cross-strata are the trough type. Since the upper zone at Nokai Mesa, 
lying south of Piute Farms, also is trough type arid trends westerly, 

the cross-strata at Piute Farms are tentatively assigned to the upper 

zone.

In other areas included in this study, no zoning of the Shinarump 

cross-stratification is .apparent. In these areas, the type of cross

stratification is predominantly planar. This indicates the widespread 

action of the sheet wash which deposited the formation. Trough type 

cross-stratification also is developed in some of these areas, but it 

is not so common. The data derived from the statistical analyses of 

the cross-stratification are given in Table VI.

Gravels

Travel studies demonstrate insignificant differences in pebble
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CROSS-STRATIFICATION DATA FOR OTHER AREAS

No.
Location Zone Avg. Dip Readings Avg. Dim. Fc Type

10 Miles S. of 
Ft. Defiance None identified 17 30 N27E 0.88 Planar

Ft. Defiance None identified 15 30 NTS 0.59 Planar

Monument No. 2 
Mine, Ariz. Lower (channel) 6 30 N13E 0.09 ?

W Lower (channel) 12 30 N36E 0.40 Planar?
it Middle 12 30 N26E 0.70 Planar
M Middle 9 30 S39E 0.43 Trough and Planar
* Upper? 10 30 N61W 0.52 Planar
M Upper 14 30 slew 0.92 Trough

Piute Farms,Utah Upper? 17 30 S76W 0.91 Trough

2 Miles S. of 
Lee’s Ferry,Ariz. None identified 16 30 N48E 0.65 Trough

14 Miles S. of 
Lee’s Ferry,Ariz. None identified 19 30 S87W 0.82 Planar

Fredonia, Ariz. None identified 17 30 N66W 0.65 Planar and Trough
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rounding and. sphericity between the various areas studied. Sizes of 

the gravels vary greatly by contrast. The gravels are small at Nokai 

Mesa and Monument Number 2 Mine compared to the sizes of those col

lected in areas farther away. The composition of the gravels is nearly 

always chert, quartz, and quartzite pebbles. Some highly fractured 

limestone pebbles are present but make up only a small percentage of 

the gravels. The colors of the quartz and quartzite pebbles show all 

gradations from white to black. For this reason the classification of 

the quartz and quartzite pebbles on the basis of color is an arbitrary 

one. Nevertheless, the method of classifying the pebbles on the basis 

of color is an obvious means of classification and offers comparisons 

of the composition of the gravels from area to area. The results of 

the pebble studies are given in Tables "VII and VIII.
No significant variation in composition is evident from area 

to area. Maximum size, however, is considerably larger in specimens 

from areas other than Monument Valley. This suggests that the 

Monument Valley area was farther from the source of clastic sediment 

than were the areas to the east and west.
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TABLE VII

PEBBLE COUNTS FOR OTHER AREAS

Location No. Pebbles
Average
Roundness

Average
Sphericity

Maximum
Size

Ft. Defiance 150 .60 .69 9x7x4 cm.
Monument
No. 2 Mine 150 .56 .68 6x3x3 cm.
Piute Farms,
Utah 100 .57 .72 6x4x3 cm.
South of 
Lee’s Ferry, 
Ariz. 100 .57 .72 10x6x5 cm.
Fredonia,
Ariz. 100 .54 . .74 5x4x3 e.m.

TABLE VIII

COMPOSITION OF PEBBLES 

OTHER AREAS

______Percent of Sample_________
White Yellowish

Location
No. to gray
Pebbles qtz.

Pink
qtz.

Black
qtzte.

to reddish 
brown qtzte.

Lime
stone Chert

Ft. Defiance 150 8 11 22 50 2 7

Monument 
No. 2 Mine 150 15 7 15 58 2 3
Piute Farms 100 12 10 30 40 0 8
South of 
Lee’s Ferry 100 30 4 30 34 0 2
Fredonia 100 36 1 30 31 0 2



CHAPTER 5

TffiANIDM DEPOSITS IN THE SHINARUMP CONGLOMERATE

General

Uranium ore deposits in the Shinarump conglomerate ol“ the Monument 

Valley area are located exclusively in pre-Shinarump erosion channels 

carved into the underlying formations. Those at Nokai Mesa and Piute 

Farms are incised into the Moenkopi formation. The Monument Number 2 

Mine, however, is located in a channel which has cut completely through 

the Moenkopi formation and five feet into the De Chelly sandstone mem

ber of the Cutler formation below. Uranium deposits at the Monument 

Number 2 Mine extend five or six feet downward into the cross-strata 
of the De Chelly sandstone, probably indicating the movement of ore- 

bearing solutions into the De Chelly sandstone.

The Nokai Mesa uranium deposits are confined to "trash pockets" 

and carbonized wood fragments situated in or along the bottoms of 

ancient channels. The trash pockets are mud pellet conglomerates 

with quartz pebbles and charcoal fragments. Monument Number 2 Mine is 

much more highly mineralized than is Nokai Mesa and has ore both on and 

above the bottom of the channel. At Monument Number 2 Mine uranium is 

not confined to "trash pockets" or to the vicinity of fossil wood. It 

also occurs in sandstone which apparently has a small amount of admixed 

clay. Carbonized wood is far more abundant at Monument Number 2 Mine 

than at Nokai Mesa, and appears much richer in uranium content.
yniv. of Arizona Library
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Mineralogy of Deposits

The mineralogy of the Shinarump conglomerate uranium deposits in 

the Monument Valley area is relatively simple. The vanadates, carno- 

tite and tyuyamunite predominate. Other less easily identified uranium 

minerals are present. At the Monument Number 2 Mine, Gruner and 

Gardiner (1952, p. 25) have identified uraninite, uvanite, gummite, 

and the vanadium mineral metahewettite. Pyrite and yellow and green 

alunite veinlets also are present.

In mineralized fillings at pre-Shinarump channels at Nokai Mesa 

and Piute Farms, yellow vanadates and possibly some uraninite occur.

At Nokai Mesa malachite and azurite are associated with the uranium 

minerals. Manganese dendrites occur in many places at the Shinarump 

conglomerate surface where it is in contact with the Moenkopi formation. 
These have no apparent relationship to the uranium minerals.

Controls of Mineralization

All the uranium deposits visited by the writer at Nokai Mesa,

Piute Farms, and Monument Number 2 Mine appear to have been localized 

by sedimentary features. In the uranium deposits of the Monument 

Valley area the prime control is the presence of Shinarump-filled 

channels. No uranium ore is known in the interchannel areas. The 

effect of cross-stratification on ore deposition has not been 

determined.

At Nokai Mesa uranium minerals appear restricted to the troughs 

of the channels (Plate VI A and VI B). "Trash pockets" are developed



in these troughs in many places and some or them are stainea vivid 

yellow by the presence oi‘ uranium minerals. The mineralization is 

especially well developed in and around clay galls and carbonized 

wood.

Clay as a mineralizing factor:

Clay pellets and seams in the Shinarump conglomerate appear to 

have exerted a precipitating influence on the uranium-bearing solutions 

and have become impregnated with uranium minerals. Many clay pellets 

show yellow haloes of uranium, whereas others nearby have not been 

mineralized. This selectivity of mineralization may be due to varia

tions of texture or composition of the clays themselves. These varia

tions could affect the precipitating power of the clay galls.

The haloes of uranium minerals do not extend deeply into the clay 

fragments. The deepest penetration apparently is a quarter to a half 

inch. Locally the sandy matrix surrounding the clay galls is mineral

ized concentrically around the clay. Where the clay fragments are 

slightly fractured, the yellow staining penetrates along these fissures, 

indicating that the haloes themselves are due to the inability of the 

uranium-bearing solutions to penetrate deeply.

Sandstone with admixtures of clay also is highly mineralized in 

places. Some of the sandstone laminae are more favorable to deposi

tion of uranium minerals than others and are stained more intensely.

The mineralization may also extend for longer distances along such 

laminae than along the less favorable ones.

The chemistry of the clay-uranium relationship is not completely



82

understood, but rielti evidence indicates that clay may afreet uranium 

deposition.

Wood as a mineralizing factor:

Some of the richest uranium ore deposits of the Colorado Plateau 

are situated in and around carbonized wooq, logs and fragments. The 

fossil wood is impregnated with or even partially replaced by uranium- 

vanadium minerals in most, if not all, ore bodies. Fossil wood is 

present at every uranium-bearing locality included in the present study, 

i.e., Nokai Mesa, Piute Farms, and Monument Number 2 Mine.

in some places, yellow caruotite apparently has impregnated only 

clay galls and did-not deposit in the carbonized wood. This wood, 

although containing no readily visible mineralization, must contain a 
dark-colored uranium-bearing substance not visible in the organic 
matter. It is radioactive, as evidenced by a Geiger counter. Uranium 

mineralization in most cases extends from the carbonaceous matter into 

the surrounding sandstone and/or claystone matrix.

The process by which carbonaceous wood caused precipitation of 

uranium minerals is not known. Bustin (1935, p. 424) states there is 

no evidence that carbonaceous matter at ordinary temperatures has any 

reducing action on metal-bearing solutions so probably can not bring 

about precipitation by this process. He suggests thap the precipitat

ing power may largely be a physical one, such as adsorption, rather than 

a chemical one.

Decay of wood may cause a change in the pH of the surrounding
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solutions and cause the precipitation.or some uranium, for uranium is 

relatively insoluble in solutions with a pH higher than 7,4 (Bain,

1953, p. 173). Change in pH, however, probably could bring about the 

precipitation of only a small percentage of the total uranium deposited, 

for decaying wood would lose its power of changing pH long before all 

the uranium could be deposited.
Humic colloids and geochemical sorption phenomena have been proposed 

by Waters and Granger (195b, p. 10) as possible causes of precipitation 
of uranium from solution. These authors cite experimental evidence 

which supports the suggestion.

Tectonic controls:

No relationship between faults or joints and uranium mineraliza

tion is apparent in the ancient channel fills of the Shinarump con

glomerate in the Monument Valley area. Benson and others (1951) 

believe that at 1‘jhite canyon, Utah, uranium-hearing solutions moved 

along closely spaced joints prior to the deposition of the uranium 

minerals in favorable sites. Bain (1953) suggests that most bodies of 

camotite lie well off the crests of anticlines, and are in most cases 

close to the troughs of synclines. No evidence opposed to Bain’s 

theory was found as a result cf the present studies in the Nokai Mesa 

and Monument Valley areas.

Nokai Mesa is nearer the trough of the Hokai syncline than the 

crest of the Organ Rock anticline which lies to the east. Studies of 

the Uranium-bearing channel outcrops of Nokai Mesa suggest the con

clusion that much more ore probably is present there than at
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Hoskinnini Mesa, lying on the crest of the Organ Rock anticline.

Monument Number 2 Mine, a highly mineralized ancient erosion channel 

fill, also lies off the crest of an anticline. These relationships of 
the ore deposits to folds may be only coincidental, but are yet to be 

disproved.

Origin of Uranium Deposits

A theory to explain the origin of the uranium deposits in the 

Shinarump conglomerate must account for at least four factors: 1) the

source of the uranium in the deposits and a lack of apparent relation

ship of ore bodies to igneous rocks; 2) the means by which uranium 

reached its site of deposition; 3) the restriction of the ore to 

channels; and 4) the occurrence of similar types of uranium deposits 
of the same absolute age (Meeks, 1952) in formations of widely 

different geologic age, i.e., those of the Morrison formation and the 

Entrada sandstone.

Three basic theories have been offered in one form or another to 

account for the uranium deposits in the Shinarump, Entrada and Morrison 

formations. These are: 1) the ore is syngenetic, the same age as its 

host rock; 2) the ore was concentrated by circulating meteoric solutions 

which leachea uranium sparsely disseminated throughout the host rock and 

subsequently deposited it in the sites of ore bodies; and 3) the ore is 

hydrothermal in origin, brought up in some manner from an underlying 

magma body.
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Syngenetic theory:

Hess (1914, pp. 686-687) postulated that uranium was derived from 

the erosion of uranium-bearing veins in the source area of its host 

rock, transported in sulfuric acid solutions to the sites of deposition, 

reduced and precipitated by decaying vegetable matter, and eventually 

reoxidized to form the type of deposits now existing on the Colorado 

Plateau. Two factors against this idea are: 1) the ore in the deposits 

is probably Laramide in age, far younger than the host rock as indicated 

by radioactive dating (Weeks, 1952, p. 25); and 2) the ore does not 

follow bedding planes in the detail that would be required by the 

theory— in many places it cuts across the bedding in a smooth curve 

called a "roll." The theory that Hess proposed is no longer accepted 

by most geologists.

Concentration by meteoric circulation:

Waldemar Lindgren (1933, p. 404), in considering the ores of 

uranium and vanadium in sandstone, doubted that igneous agencies had 

any part in their genesis. He believed that the ores were epigenetic, 

concentrated by meteoric waters which leached the small quantities of 

uranium and vanadium disseminated in the strata.

Some support for Lindgren* s hypothesis is afforded by Bain (1953), 

who believes that red jasperoid pebbles occurring in the Shinarump 

conglomerate carry a small amount of the original uranium of the 

Colorado Plateau deposits. The possibility of uranium being supplied 

through the devitrification of volcanic ash included in the Shinarump 

conglomerate is mentioned by Y/aters and granger (1953), but they doubt
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that leaching of uranium from ash could occur to the extent 

necessary to account for all the uranium of the deposits.

Hydrothermal Theory:

A magmatic source for the uranium of the Shinarump conglomerate 

would fulfill many of the conditions required of a satisfactory theory. 

It could supply enough uranium and could also account for the occur

rences of similar types of deposits in formations of other geologic 

ages.
Factors which strongly argue against a hydrothermal origin are that 

the ore bodies appear to have no relationship to intrusive rocks and 

that mineral assemblages are not characteristic of hydrothermal 
deposits. After considering the three basic theories on the origin of 

the uranium, the writer agrees with the majority of geologists that 

the syngenetic theory and hydrothermal origin theory are both unsatis

factory. Concentration of disseminated uranium by circulating solution 

appears to be the best explanation proposed thus far.

Emplacement of Ore in Channels

Assuming that uranium solutions were somehow formed in the 

Shinarump conglomerate after its deposition by leaching of disseminated 

metal, their tendency would be to migrate through the Shinarump con

glomerate. When passing through the ancient channel fills rich in 

carbonized wood and clay, urmium would probably be precipitated out 

of solution where conditions were favorable. The mechanism of such a
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precipitation is not known.

The apparent tendency of the uranium ore bodies to be con

centrated near synclinal troughs as suggested for the Monument Valley 
area suggests that the movement of solutions occurred after the 

Laramide folding. If the solutions were under no pressures other than 

hydrostatic head, and also had a place of ultimate escape from con

finement within the Shinarump conglomerate beds, they would obey the 

laws of artesian circulation and move toward that point of escape by 

following the paths of least resistance to flow. This direction of 
of flow would be toward the synclinal axes.

Because the Shinarump conglomerate in the ancient channel fills 

is coarser in texture than on the flanks of the channels, those channel 

fills would be the paths of easiest flow because of their relatively 
great permeability. Thus, channels lying near synclinal troughs are 

especially favorable for the movement of the xiranium-bearing solutions, 

and if these channels are rich in precipitating agents, ore deposits 

should be expected.

Where the ancient, filled channels cut completely through the 

impermeable Moenkopi formation into the cross-stratified permeable 

De Chelly sandstone, as at the Monument Number 2 Mine, solutions 

seeking a path of escape might have found it by descending into the 

underlying sandstone. A large amount of solution might have been 

funneled through the ancient channel into the sandstone underneath 

and in so doing, might have deposited much of its uranium content on 

the clays and carbonized wood fragments.
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Summary of Ore Controls

The primary control of uranium deposition in the Shinarump con
glomerate is channels cut into the underlying strata. Clay and car

bonized wood are of importance because of their precipitating action 

on uranium solutions. A channel probably must also be situated in a 
favorable structural position such as a synclinal trough so that uranium 

solutions will pass through it in sufficient volume to be precipitated

as ore
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PLATE III

A. Normal fault at Nokai Kesa. Looking west. Seen in center 
of picture. Down on the left. Channel outcrop E lies to 
the right.

B. Channel outcrop B. Looking north. Eastern half eroded 
away. Sharp break between the De Chelly sandstone and 
I'oenkopi formation is evident.
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HATE IV

Bleached zonevLn Moenkopi formation. Pockets of cross- 
stratified Shinarump sandstones fill small scours.

Joint control of thickness of bleached zone. Moenkopi 
bleaching extends about 2 ft. below pick. Thicker 
development than in places where jointing is not so 
evident.





PLATE V

Channel outcrop D. Looking northeast. Semi-circular 
outline well developed.

Southern outcrop of channel at Monument No. 2 Mine. 
Looking south. Incised 5 ft. into De Chelly sandstone. 
Outcrop is 380 ft. wide. Dies out 460 ft. farther south 
with canoe-shaped bottom, as inferred from drilling.
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PLATE VI

A. Mineralized trough of channel outcrop E. Arrows point 
to carbonized wood log. Trough incised in fine-grained 
Moenkopi sandstone. Prospect claimed by 
Fred Todacheena.

i

B. Trash pocket. Located at base of channel outcrop D. 
Black is mineralized carbonized wood. The material 
forming the pocket appears dumped in from the left side*





H A T E  VII

A. Planar cross-strata. Located near Fredonia, Arizona. 
Typical development.

?.

B. surface view of trough cross-strata, pick handle oriented 
parallel to inferred direction of transporting currents.





PLATE YIII

A. Evidence of scouring of Shinarump conglomerate. Cross- 
laminated sandstone fragments included in quartz-pebble 
conglomerate. Located near base of channel outcrop I,

B. Shaly parting in clay galls. Near Shinarump-Moenkopi 
contact. Signs of flowage evident, probably due to 
squeezing after deposition. Located near base of 
channel at Piute Farms, Utah.





PLATE IX

Unconsolidated rock deformation in ghinarump cross-strata.

Sand concretions. Weak, crumbly core weathers more readily 
than outer parts.





PLATS X

A. Quartz pebble conglomerate lens. Lies at base of channel 
outcrop G. Moenkopi formation underlying is only 
partially bleached.

B. Mud pellet conglomerate. Shows evidence of flowage after 
deposition. Most of pellets have weathered out.





PLATE XI

Panorama of Nokai Mesa. Looking west from Shinarump cliffs 
capping Hoskinnini Mesa. Piute Mesa and Navajo Mountain are 
in background. No Man's Mesa rises at the extreme right.
De Chelly sandstone forms prominent white band.
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