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INTRODUCTION

General Statement

The study presented in this paper is a domparison of
the Shinarump conglomerate on Hoskinnini Mesa with that in
a number of ofhér'ibcalities4in"nbrthern Arizona and
southern Utah. Comparisons of mineralized with unmineralized
areas are made in an effort to find some controls of mineral-
ization:which.may be applicable in other aregs._,Thejmonths
of June, July, and August, 1952 were spent in northern
Arizona and southern Utah accumulating field data and gather-
ing specimens for laboratory study which was done in Tueson,
Arizona, during the followlng winter. . . .
+. .The early part of the field season was spent making a
detailed study of the Shinarump conglomerate on Hoskinnini‘
Mesa. This was followed by studiesvap Cameron, Lee's Ferry,
Oljeto'Mgsa, Monument #27M1ne, and Canyon de Ghe}ly‘(Fig. 1).
Subsequently, the data accumulated and samples collected
during the sumer were tabulated and analyzed for the purpose
of gaining further comparative material. |
The_Shinarump conglomerate consists of conglomerate,
‘sandstone, and occasional lenses of mudstone. It underlies
the Chinle formation (Upper Triassic) and overlies the
Moenkopi formation (Lower Triassic) or De Chelly sandstone

(Permian). The Shinarump conglomerate was deposited by a



number of braided stream systems whose constant reworking
caused the sheets of sand and gravel to advance across a
relatively flat erosional surface. This constant process of
reworking enabled the advancing sheets to cover a vast area

with a relatively thin veneer of coarse material.

Locations and Accessibility

The geological field studies made in connection with
this report were carried out at Hoskinnini Mesa, Oljeto
Mesa, Monument‘#z Mine, Cameron, lLee's Ferry, and Canyon de
Chelly (Fig. 1). | |

Hoskinnini and Oljeto Mesas lie along the Arizona-Utah
line approximately between 110°20' and 110°25' west longitude
on the west side of Monument Valléy. They extend nearly ‘
three miles north into Utah and four miles south into Arizona,
The area involved is about 12 miles wide. The two mesas may
be reached by traveling north on U. S. Highway No. 89 from
Flagstaff, Arizona, to Route No. 1, Navajo Indian Reservation.
Route No. 1 is a semi-maintained dirt road which passes
through Tuba City, Tonalea (Red Lake), Kayenta, and continues
on to Mexican Hat, Utah., About 12 miles north of Kayenta and
several miles beyond Agathla, a prominent volcanic spire,
the trail to Hoskinnini Mesa turns off to the west from the
main road. This trail continues up onto the top of the mesa

where several trails split off. About 20 miles north of
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Kayenta, the road to the Oljeto Trading Post turns off the
main road in a northwesterly direction. The Trading Post
lies at the western fqpt of Oljeto Mesa. No road to the top
of the mesa is open at the present time.

Monument #2 Mine is located approximately at 109°50' |
west longitude and 37°north latitude, about two miles south
6f the Utah line and on the east side of Monument Valley. -
It may be reached by traveling north from Kayenta, Arizona,
or south frbm Mexican Hat, Utah, on Route No. 1 Navajo Indian
Reservation. A well marked road, the only other graveled
road in the area, turns off a few miles south of the San
Juan River. This road, built for the ore trucks from the
mine, goes directly to the mine area.

The sections studied at Cameron are on both sides of
the Little Colorado River about one half mile west of the
Trading Post on U. S.'Highway No. 89. The area is approx-
imately at 111°25' west longitude and 35950' north latitude.

Lee's Ferry is on the Colorado River at the head of
Marble Canyon at 111°35' west longitude and 36050' north
latitude. The two localities studied in this area are on
the north side of the river. One locality is about five
miles upstream from the Marble Canyon bridge near the gaug-
ing station of the Surface Water Division of the U. S. Geo-
logical Survey. The second is on the east side of Beaver
Creek and northwest of the Vermilion Cliffs Lodge, along
thevVermilion Cliffs. These localities may be reached by
foot trails from U. S. Highway No. 89,
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Studies of the Shinarump conglomerate in the Canyon de

' Chelly area were made within the Canyon de Chelly National
Monument which is on the east side of Black Mesa at approx-
imately 109°25' west longitude and 36°10' north latitude.

A well marked,.graveled road extends to the Monument from the

Chinle Trading Post, a distance of about ten miles,

Physiography

The areas discussed in this report, as indiqated in
Figure 1, lie within the Colorado Plateau province. The area,
| geﬁerall& speaking, ié a high, flat plateau cut in many places
by deép canyons, as at anypn'de Chelly, Lee's Ferry and
Cameron., In many areas, erosion hés had greéter effect’than
this and the table lands have either been maturely dissected
- or largely eroded away,lleaving steep-sided mesas or rounded
buttes rising out of the flat table land. The Monument Valley
argé is a classic example of‘this type of physiqgrgphy. Here
| the mesas_and buttes are mostly flat tbpped with séeep cliffs
formihg the sides (Pléte 2). The cap‘dn.most of the monuments
, ié Shiné:ump cohglomerate, and it protects the underlyinglmore
easily éroded Moenkopi, De Chelly, and Organ Rock formations
whereas its upper surface is in most piaces stripped bare.
Dunes, poséibly the~rémnants of former climbing dunes, lie on
the stripped upper surfaces on Hoskinnini and several other
laige meéas in the Monument Valley aréao

Most of thé drainage in the region studied is ephemeral,



with dry washes becoming torrential streams following the
summer cloudbursts.' The various areas are drained by the-
Colorado, Little Colorado, and San Juan Rivers and thus ulti-
mately all of the runoff reaches the Pacific.Ocean by way of
the Colorado River. Most of the areas covered in this report
are drained by the San Juan River, but those at Lee's Ferry
(Colorado River) and Cameron (Little Colorado River)-are‘

| exceptions. The localities within the watershed of the San
Juan are in turn served by a number of-intefmittent‘streams.
Hoskinnini and Oljeto Mesas are drained by Copper Canyon and
Oljeto Wash. Canyon de Chelly drains the Canyon de Chelly
area and a small wash drains the Monument #2 Mine area.

The resistance to erosion of the Shinarump conglomerate,
especially when compared to the weakness of the overlying and
underlying formations, causes it to be ‘an important factor in
determining the topographic character of the areas in which
it outerops. Most of the sandstones and conglomerates of the -
Shinarump are well cemented causing them to form a cliff
between’slopes'of the Chinle and Moenkopi formations. These
cliffs are in many places impossible to scale.  Erosion of the
Chinle clays locally forms a stripped bench back of the
Shinarump cliffs but. elsewhere it is entirely eroded away,
leaving the top of the Shinarump conglomerate entirely bére;~
as on Hoskinnini and Oljeto Mesas., The Shinarump in a few
rlaces forms overhanging cliffs as at Canyon de Chelly wheré

undercutting is pronounced.



A feature of the upper surfabé_of the Shinarump con-
glbmerate, best exposéd on the northwest side of Hoskinnini
Mesa, is the oéCurrence of a lafge»number of undrained basins
(Plate 3). These basins, a few of which are greater than ten
feet in depth and 25 feet in diameter, apparently were formed
by ‘solution of calcareous cement in the rock by slightly
carbonated rain water. - Calcium carbonate, leached from the
rock, was deposited as a crust when the water evaporated.
This powdery ¢rust and the liberated sand grains were then
removed by wind action. Examination of a number of these -
"potholes" indicates that this process stops only when one
of two conditions prevails., Either the hole becomes too -
deep for wind deflation to be effective, leaving a bed of
sand on the bottom of the basin, or the presence of pebbles
in the rock causes a pebble pavement to form on the bottom.
The two principal requirements of the rock, fineness of grain
and lack of siliceous cement,-apparently are the factors -
which limit this feature to a few scattered localities.

‘Desert varnish, composed of manganese and iron oxides,
commonly coats Shinarump outcropg{andjresidual pebbles on
Shinarump surfaces. This characteristic desert feature is
probably due to acid leaching by lichens (Laudermilk, 1931).
Manganese dendrites are common on joint and fracture surfaces

within the formation,



Structure

Structures within the Colorado Plateau censist almost
entirely of highly asymmetrical anticiines (monoclines), high
angle normal faults, and joints. The entire province is
‘characterized by being relatively little disturbed structur-
‘ally, whereas the surrounding areas show the effects of great
tectonic movements; Most of the localities studied in connec-
tion with this report have been deformed,-at least to some
extent, by post-Triassic structurai movements.

| Two major structures, striking‘approiimately north-south,
oceur in'the erea of Hoskinnini‘and Oljeto Mesas. They are
the Organ Rock enticline to the west (Plate 1) and the Oljeto
syncline to the east. The crest of the Organ Rock anticline

is situated along the eastern margin of Hoskinnini Mesa. The
~east limb has dips up to 18 degrees with dips up to 33 degrees
on the west limb. Bradish (1952 DP. 55) reports two closed
domes on this asymmetrical fold with closures of 700 and 1500
feet on the north and south domes respectively; This structure
isdeurrent;y being drilledAfor petreleum by thevTexas‘Company.
To the east of the Organ Rock.anticline, the.01jeto syncline
(also known as the Moonlight syncline) controls the drainage
of 0ljeto Wash. The-syncline is a bread, low-angle strueture
with dips of from 1 degreeeto h_degrees on the flanks, The‘
axes of these two structures are roughly parallel.

Monument #2 Mine is situated on the Comb Ridge monocline,



a prominent regional structure which rorms the eastern
boundary of the Monument Valley upwarp. The Shinarump con-
glomerate, in the mine area, strikes Nbith 10 degrees West
and dips from 5 degrees to 8 degrees to the east,

Canyon de Chelly is incised into the De Chelly upwarp,

a minor structure on the flank of the Defiance Uplift.,

Gregory (1917, pp. 1ll-2) states that the structure dips-aboﬁt
3 degrees to the west with the east side mefging into the
Defiance monocline. At all of the localities studied within
the Cameron grearthe strata were horizogtal. The Echo Cliffs
monocline, striking North 5 degrees West and dippingVIS degrees
to the east at‘this point, is a prominent.structufe in the
Lee's Ferry area. The Paria Ri#er, a perennial stream which
entérs the Colorado River ﬁear Lee's Ferry dpparently is
controlled by the monocline. |

A feﬁm;ngle normal faults were noted in a number of the
areas studied. Several, with displacements up to 15 feet,
occur on Hoskinnini Mesa. One of these cqntains calcite
mineralization, but none contained uranium,}vgnadium, or
copper mineralizatiqn. Gbuge zones from four inchés to two
feet thick occur in conjunction with these faults,'

A fault showing horizontal mdvement, associated.with
monoclinal flexing, occurs oﬁ the northeast tib of Hoskinnini
Mesa. The fault plane strikes North 75 degrees East, dips 16
degrees to the east, and viéualvinspection and "feel"™ of the

slickensides indicate movement to the east by the southerly |
block.



These normal and shear faults on Howkinnini Mewa _
appear to be genetically related to the Organ chk anticline.
A similar occurrence of related folding and faulting in an
area similar structurally to the Colorado Plateau, in central
Montana, is described by Thom (1923). He believes that differ-
ential movement fractured the brittle basement rocks but in
general merely flexed the more plastic younger sediments.
Minor normal and shear faults are assocliated with these
flexures. 7

Jointing in the Shinarump conglomerate is generally
well developed. Within individuél areas, the directions of
the joint sets are remarkably uniform. The sets in the
Monument Valley area ranged from North 55 degrees to 70
degrees East and North 50 degrees to 75 degrees West. These
readings are characteristic of the areas studied east and
northeast of Black Mesa., On the other hand, the joint sets
at Lee's Ferry and Cameron ranged from North 20 deérees to
35 degfees Eaét and North 25 degrees to 35 degrees West.
Bleaching of red bed sediments, both within and below the
Shinarump conglomerate, generally extends along these joints,
No mineralization, other than thin films of secondary uranium
and copper minerals, is associated with jointing.

Climate and Vegetation

The climate of the parts of northern Arizona and southern

Utah covered by this report is semi-arid with moderate
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temperature variations. The average annual precipitation
over most of the region is about ten inches, with Cameron
having perhaps the least, averaging about five inches. About
50 ﬁer cent of this precipitation normally occurs during the
months of July, August and September. Most of the remainder
falls during the winter menths as scattered showers and snow.
The summer rainfall characteristically occurs during short
but violent thunder storms which generally appear during the
afternoons or early evenings. The resulting heavy runoff
races down sloping surfaces and transforms flat desert country
into a series of large puddles.

Temperatures, in general, vary from O degrees to 100
degrees Fahrenhelt during the year in this portion of the
Colorado Plateau. A notable exeeption to the temperate
climate, encountered during the field investigations in
early August, was in the area around Lee'!s Ferry. Here, duriné
a period of five days, the maximum daily'temperature was never
below 100 degrees Fahrenheit. In contrast to this, in the
Monument Valley area at an elevation of 6000 feeﬁ; the days
were pleasantly warm and the nights cool enough to require
blankets,

Vegetation, consisting of plants characteristic of arid
and semi-arid climates, is generally sparse. A considerable
amount of the area is covered by bare rock or dune sands

which supports no vegetation.

Methods of Study

Field work: The field work covered in this study was
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done in the summer of 1952, Aerial photographs.(scale v
equals 20,000') furnished by the Atomic Energy Commission
were used forlthe mapping and reconnaissance worh in the
Monument Valley area., The field studies in the other areas
were carried on wi thout the use of detailed maps or photos.'
This was done in recognition of the fact that the major
contribution to this comparative study would}be in the
collection of samples and detailed datavand not in the
mapping of the aerealwextent of the Shinarump in certain
limited localities. | | -

In order to draw valid conclusions regarding comparisons,
the entire field study was carried on in as quantitative a
manner as possible. This was done, not only to facilitate
the presentation of results, but also to bring out detailed
information which may not have been apparent at first°

' The initial field work'was done on Hoskinnini Mesa |
with primary emphasis placed on the accumulation of samples
and data. The cross-strata which are some of the most
conspicuous features of the Shinarump conglomerate, lend
themselves well to the quantitative approach. A oonsiderable
number of dips and dip directions was taken on cross-strata
on Hoskinninl Mesa.* A study made in the field of these data
indicated that in certain areas the Shinarump conglomerate
could be divided into definitel:zones° dFollowing this dis-
covery, an attempt was made to extend these zones laterallyo
Samples of pebbles occuring in a zone were taken in con-

junction'w1th the cross~-strata measurements° The lower
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contact of the Shinarump was studied with considerable care
because of its_pogsible importance in the localization of
uranium_ore._ Severél éoiumnar secgiqns df the underlyiné
Moenkopi formation were taken to aid'in thié studj of the
lower contact. Samples were taken of all materials that
appeared to be of importance to the problem.

Following the detailed work dh Hoskinnini Mesa, quantita-
tive studies were carried on in other areas covered by this |
report. In each of these the emphasis was placed on the
accumulation of data that might indicatevsimilarities or
differences between the individual areas. A compérison of
‘mineralized end unmineralized localities within a limited
‘afea was made. Mﬁny of the data On.mineralization accumu-
lated in this connection proved to be qualitative rather
fhanlquantitative. A complete set of core Samples from one
" hole, recovered by the Atomic Energy Commission during their
drilling program on Hoskinnini Mesa, was taken for analysis

during the winter,

Iaboratory work: The laboratory work covered in this

report was done during the school year of 1952-1953. Sedi-
mentary analyses of surface and drill core samples were made
in the mamner outlined by Twenhofel and Tyler (1941) and in-
cludéd mechanicai separations and heavy mineral studies, The
composition'of pebble samples was determined ﬁogether'with
measurements on their roundness and sphericity. Cross-strati-
fication data for the principal localities and zones were

Plotted on rosette charts. Heasured sections of the Moenkopi
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formation were tabulated and described. v
The drafting of maps, sections, and charts and the writ-
ing of the manuscript'were done during the months of February,

March, and April, 1953.
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GENERAL

Previous Work

The Shinarump conglomerate has been studied in connec-
tion with reconnaissance investigations of areas on the
Colorado Plateau and reported on by a number of government
geologists. In addition, several papers on the Shinarump
conglomerate itself have been published by certain of these
men,

Both Powell (1873) and Dutton (1880), in classic reports
that covered large areas of western United States, mention |
the widespread'occurrence of a conglomerate (Shinarump) con-
taining fossil wood. Gregory (1916, 1917, and 1938) and
Baker (1933 and 1936) mapped this conglomerate throughout
wide areas during their field studies in northern Arizona
and southern.Utah. Descriptions of the fomation in these
areas are presented in the reports of these men.

Gregory (1913) published the first paper dealing exclu-
sively with the Shinarump'conglomerate. He discusses itS"
1ithology and preEents theories of origin. Within recent
years, Stokes (1950) has advanced a new theory of origin.

He explains the Shinarump conglomerate as a pediment deposit
and not the basal conglomerate of the Chinle formation.

A few small deposits of copper, vanadium, and uranium

in the Shinarump conglomerate have been known for a number
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of years. These deposits and others of similar type have
been described by Butler, et al (1920) and Fischer (1950).

A recent paper by Waters and'Granger (1953) discusses a
number of theories on the origin of the Shinarump conglomer-
ate and on the development of the mineral deposits w1thin
the formation. | '

' The stratigraphy, structure, geomorphology, and.general
information on the Monument Valley area are covered b& Baker
(1936) in his paper on‘the Monument Valley-Navajo Mountain
ares. | |

The United States Atomic Energy Commission and the
Unitegfgzological Survey are investigating the Shinarump
conglomerate in the Monument Valley area as a part of their
mapping and uranium exploration programs on the colorado .
Plateau. A study, 31m11ar to the one presented in this paper,
is currently being made by W D Grundy, University of Arizona,

Tucson,.Arizona.

‘Origin of the Name
.- -The "Shinarump formation", as defined by Powell (1873),
included the entire Triassic section. Later workers split
this heterogeneous unit into the Moenkopi, Shinarump, and-
Chinle formations. The word Shinarump, taken from the
Shinarump Cliffs of southern Utah, is the name of the Wolf

God of the Piute Indians who believed that the fossil wood

represented his weapons.
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Distribution and Thickness

In virtuaily every paper which discusses the Shinarump
conglomerate, mention is made of its great areal extent and
its uniformity of thickness. These features are especially
remarkable when one considers that the Shinarump conglomer-
ate is a continental deposit containing-a large_amount.ofv
coarse material. The areas studied in connection with this
report (Fig. 1) represent only a small part of the total
region covered by the formation. | A

 Sedimentary rock identified as Shinarump conglomerate
because of lithology and stratigraphic position, hés been
reported as occurring as far west as the Muddy Mountaihs of
southern Nevada (Longwell, 1928, p. 53) and as.far east as
from Fort Wingate, New Mexico (McKee; 1951a; p. 58. Actual
boundaries of its original areal extent are:not precisely
known, but the formation definitely occurs in the porthern
third of Arizona, the southern half of Utah, and extends
short distances into northwéstern New Mexico and southern
Nevada. Gilluly and Reeside (1928, p. 67) estimate 1ts
original areal extent tovhave been about 100,000 square
miles, ' _ _

This figure assumes that the deposits were continuous
across this vast area; however, at a number of localities in
northern Arizona and southern Utah, Chinle élays rest directly
on the Moenkopi formation, and in such places the Shinarump

conglomerate never was deposited. Some of the areas where
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the Shinarump conglomerate is missing are relatively small
as at Holbrook, Ganado, and Lee's Ferry. Where examined‘
at Lee's Ferry, the advancing sheet of Shinarump sediments
appearé to have lapped against and to have been‘deposited
around residual hills of Moenkopi material., Aggradation of
thé Shinarump sediments in these areas néver progressed to
the point where they covered the hills completely. Thus in
a number of places the formation is absent owing to the
relief of the pre-Shinarump erosional surface,

Control of the thickness of the Shinarump conglomerate
by.theirelief of the surface on which it was deposited is
apparent in the Monument Valley area. Oﬁ_ﬁhe northwest side
of-Hoskinnini Mesa, a channei cuts to within five feet of |
the base of the Moenkopl formation. The Shingrump conglomer-
ate at this point is at least 350 feet thick. Approximétely
ten miles to the southeast, a complete section of the Shinarump
conglomerate was 54 feet thick. Some of this variation may
have resulted from lateral changés in the lithology of the
basal beds of the Chinle formation above., Such lateral grada-
tion from Shinarump lithology to Chinle 1ithoioéy 1oca11y
changes the thickness of ﬁhe Shinarump conglomerate as4much
és-some tens of feet in relatively short distahces. In |
general, however, the Shinafump conglomerate is quite uniform
in thickness, varying from 50 to 100 feet across most of the

entire region.

North of the San Juan River, in southern,Utah, the
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thinning and absence of the Shinarump conglomeraté apparently
is ceused by original deposition as a series of advancing
sheets of sand armd conglomerate. The sheets either did not
reach the areas where the Shinarump conglomerate is missing
before Chinle deposition began, or they failed to cover the
areas during the time of deposition because of_postéMoenkopi,
pre-Shinarump uplift. If the latter explanation is correct,
‘evidence concerning it may have been destroyed by post-
Triassic deformation. Thus, these éreas of non-deposition
may have been caused by lack of time before Chinle deposition
began, by lack of sedimentary material to form further advanc-
ing sheets, or by the presence of areasvwhiéh.were topogrdphic-
ally higher than the base'levei of depositioh.

Thus, both the distribution and the thickness of the
Shinarump conglomerate are dependent on two'factors. Thell
distribuﬁion undoubtedly is dependeﬁt in some areas on the'
relief of the pre-Shinarump erosion surface. 'This'factor
together with the possibility thaﬁ'the advancing sheets may
never have feached an area before Chinle deposition‘began;
may explain the absence of Shinarump‘sediments infdértain
lgrgé éreas of southern Utah, The thickness is dépendent
on procésses.a:fecting both the upper aﬁd lower contacts.

The relief of the pre~Shinarump surfabe may cause the thick-
ness in an area to vary from 50 to at least 350 feet, The
lateral gradétions which’bharabterize the Shinarump-éhinle
contact constitute a second factor-which_is fatherldifficult

to evaluate quantitatively. These gradations will cause the
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contact to rise and fall depending on the lithology.

Age

The Shinarump ccnglomerate contains'very‘little iossil
material which can be used in determining its age. The con-
tinuous reworking, Which.the sediments Werevsubjected to.
durlng the formation's depositional history, probably was
a major factor in destroying any fOSSilS'Whlch might have
been preserved in a more stable environment. The underlying
Moenkopi and overlving Chinle formations are both moderately
fossiliferous and their ages have definitely been'established.

Fossils contained in the Shinarump conglomerate are‘of
two tvpes. One of these consists of the remains of plants
and enimals which lived, dled and were preserved during the
time of Shinarump deposition.: The other 1ncludes fossils |
within rock fragments derived‘from older'formations}and'the
fossils are characteristlc of earlier periods°

Fossils indigenous to the Shinarump conglomerate include
bones of vertebrate animals, the shells of invertebrates and
petrifiedeood° Several water—worn bones of amphibians and
reptiles have been reported from the Shinarump. These frag-
.ments have proven to be either nondiagnostic or too poorly
preserved for age determinationo uilluly ‘and Rees1de (1928
p. 67) report the collection of a number of shell fragments

identified as Unio. This pelecypod is valueless as an age
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indicator but it is characteristic of a fresh water environ-
ment. Poorly preserved logs and-fragmentslof petrified wood
are abundant in the Shinarump conglomerate° Daugherty (l9hl

Do 8) has identified the conifer Araucarioxylon arizonicum

and states that it also occurs in the Chinle formation.
Examples of fOSSll materials derived from earlier forma-
tions are the fossil-bearing pebbles of the Shinarump conglo-

merate near Cameron, Arizona, described by McKee (1937, p.261).

Productus (Dictyociosbus) occidentalis Newberry occurs in a
limestone pebble. The fossil and 1ithology'of the pebbie
indicate, according to.MeKee, that it was derived from the
marine facies of the middle limestone member of the Kaibab
formation. This gives no indication of the age for the
Shinarump conglomerate itself, except that it is younger than
the fossil represented in the pebble. Material such as this
has its chief value as an indicator of possibie source‘areas
for the deposits. | - "__
Bones of amphibians and reptiles have been found in the
Moenkopi formation at several localities in northern Arizona.~
Wells (1947) and Camp, Colbert, McKee,'andﬂWelles (1947)
discuss the faunal assemblages in the Mbeﬁkopi formatien near
Holbrook and Cameron whieh they‘eensider to;have a definite
lower and Middle Triassic aspect. The_Chinle formation is
partieularly noted*for its rloral assemblage. Daugherty ’
(1941) after a study of 35 genera of plaﬁts from this forma-

tion in east central Arizona, considers the formation to be
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Upper Triassiec. |

The stratigraphic position of the Shinarump conglomerdte
limits its possible age'to Middle Triassic or Upper Triassic.
The Shinarump, however, is bounded below by an unconformity
representing an unknown but apparently appreciable period of
time. TIts contact with the Chinle formation above is grada-
tional both vertically and laterally. This would indicate
little or no time break in any one area between Shinarump
and Chinle deposition., Furthermore, similarity in the species
of conifer in these formations indicates contimious deposi-
tion. Thus, it appears likely that both the Shinarump conglo-
merate and the Chinle formation are of Upper Triassic age.
The formation is not the same age in all areas, howéver, as a
study of its depositional history indicates that it was de-
posited as an advencing sheet.

Because of the uncertainty as to the ége of the Shinarump
conglomerate, precise correlation With'other'formations of
the western United States is difficult. McKee (1951, p. 51)
tentatively correlates the Shinarump with the Dockum forma-
tion of west Texas and the Popo Agie formation of Wyoming.
Heaton (1950, p. 1679) considers the Higham grit of soﬁth—
eastern Idaho to be equivalent to the Shinarump conglomerate.
Because of uncertainties as to the age of these formations, it
appears likely that they have been'correlated more on similari-
ties of stratigraphic position and depositional history than.

on precise dating. As such, these tentative correlations are



23

interesting in a consideration of the late Triassic history

of the western United States.

Upper Triassic Climate

The Shinarump conglomerate was considered by all workers,
prior to the 1930's, to have been deposited in a region having
an arid of semi-afid climate. Since that time, detailed work
on plant remains.in.Upper’Triéssic deposits of northefn
Arizona has suggested that such probably was not the case;‘
Fossil plants, studied by Dougherty (1941, p. 35), indicate
that subtropidal to tropical temperatures existed during the
time of Shinarﬁmp“deposition.and that sufficient moisture
was présent to maintain swamps in the lowiands. .The piant
growth rings are characteristic of climates that‘involve
alternating wet and dry seasons. Dougherty, on the baéis of
his studies, envisions dense forests along perennial streams,
together with open_foreéts and grasslands On‘thé slopes and
uplands. The plants from thesevforésté, particulérly the
conifers, are the soufce of the fossil wood which is so

abundant in the‘Shiharﬁmp conglomerate.
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STRATIGRAPHY

Basal Contact

The basal contact of the Shinarump conglomerate is omne

of the most conspicuous unconformities on the Colorado Plateau.
In many places it is extremely irregular and in some areas
the underlying erosional surface has a relief measured in
hundreds of feet. This is in contrast to the statement made
by Dafton (1925, p. 119) stating "I have observed the Shinarump
conglomerate in a wide area in northern Arizona and found no
evidence of any notable unconformity or time break between it
the the Moenkopi, except that in part of the Defiance uplift
by pre-Shinarump erosion"., Furthermore, a zoné of bleaching,
which occurs in the underlying formation in many places, mekes
the contact especially conspicuous (Plate IV). In most of
the areas covered by this study, the Shinarump conglomerate
is underlain by the Moenkopi formation. In the Canyon de
Chelly area and in one locality of the Monument #2 Mine area,
however, it immediately overlies the De Chelly sandstone
(Permian),

| In a number of localities, pre-Shinarump erosional
channels have been cut tens and hundreds of feet into the
underlying formations. Such channels are especially prominent
features of the Monument Valléy area, but they also occur at

Canyon de Chelly and Cameron. A number of sections of the
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Moenkopi formation were measured in the Monument Valley
area in order to use the units within the formation as
datum planes in determining the amount of downcutting in-
volved in the pre-Shinarump erosion of this area. Fortunate-
ly, topographic development follows almost perfectly the lith-
ology am structure of the various units within the Moenkopi
formation. In many places, because of the lack of hand and
foot holds for climbing, it was not advisable and, locally
it was not possible, to examine the Shinarump-Moenkopi
contact at the base of a channel. An estimate of the
distance from the bottom of the channel to a distinct top-
ographic unit then had to be made from a short distance away.
Data on the relief of the pre-Shinarump erosional surface,
acquired in this manner, will be discussed in a following
paragraph.

The De Chelly sandstone underlies the lowest part of
a large chammel in the Monument #2 Mine and it underlies the
entire Shinarump conglomerate in the Canyon de Chelly area,
In general the De Chelly sandstone isa light tan to light
gray, fine-grained, friable, cross-stratified rock. It
- contains no recognizable marker beds that can be used as
horizon markers as in the case of the Moénkopi formation.
Fortunately, in.the areas studied, the channels carved in
the De Ghelly sandstone were not deep enough to require

reference beds in determining their depth.

Relief of the Basal. Contact

The basal contact of the Shinarump conglomerate is a
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gently unculating surface over much of the area covered in
this study (Tlate IV). In & number of plz“ces, however, the
contact is a surface of considerable relief. Chunnels up to
250 feet in depth occur on Hoskiﬁniﬁi esa (Plate V). Uran-
ium mineralization in the Shinarump conglomerate is restric t-
ed almost entirely to such channels und the loc:lities
studied in the onument Valley area are no exception.

Severd individgal chunnels were traced and m pped on
FYoskinnini }Tesa where they intersect cwn yo?s dorng the rim-
(Plate I). A study of these cross-sectiors of individual
channels reveals a number of points: (1) tle base of a
channel varies as much as 50 feet in aepth between. exposures
(distances between exposw es vary from 4 to 14 miles) W ich
indicates & rgie scours were developea locwlly by the eroding
streams; (2) the channels exhibit a meandering pattern over
a distance of a few miles. This sinuous appeararce in phn
view,(flate I) is in contrast to the strgight channels vh ich
have been inferred by workers in the pust; (3)their cross-
sectional profiles on cliff faces vary considera:bly, appar-
ently depending upon the part of a meander exposed at any
particukl r ph ce; (4) the shape and character of a channel -
appear to depend, at least to some extent, on the type of lith-
ology in the underlyir; loenkopi formation. Iiudst‘o_qns form
mo.derately low-angle slopes, whereas siltstores form steep
slopes or locally, cliffs.

In the Canyon de Chelly area, the sides  most channels
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are vertical and in some places overhanging (Plate VI).
This suggests that the De Chelly sandstone was as well in-
durated in post-Moenkopi time as it is today.

Alteration Zone

A étriking feature of the basal contact of the Shinarump
conglomerate is a zone of bleaching developed in the under-
lying Moenkopi formation (Plate IV)., The alteration appar-
ently is caused by a reduction of ferric to ferrous iron
and its partial removal from the reddish-brown mudstones
and siltstones (Keller, 1929). This changes the color of
the Moenkopl sediments to shades of green, cream or pink.

The zone of bleaching is in most places about one foot thick,
but may be up to three or four feet thick, and in a number of
local areas is absent. In a few places the alteration extends
down into the Moenkopi formation a few inches below normal
along Joints and fractures. In general, thé zone is somewhat
thicker in the siltstones than in the mudstones. A few calcite
veinlets occur in the alteration zone in several localities;
most of them follow bedding, but some are along joints, or

at random. No alteration occurs in the De Chelly sandstone
due to the absence of iron,

Bleaching, where well developed, causes a definite
color banding parallel to the formation contact. The colors
in the bands exhibit a regular sequence though in few places

does the entire sequence occur in one exposure. The
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arrangement of banding in mudstones is as follows: greenish-
to yellowish-cream, yellowish-brown, and unaltered reddish-
brown. The sequence in siltstones is as follows: 1light
gray, light pink to pink, and unaltered reddish-brown.
Contacts between color bands generally are sharper in the
mudstones than in the siltstones.

Fragments of Moenkopi-like material, occurring as lenses,
pellets, and blocks within the Shinarump conglomerate, exhibit
bleaching effects similar to those at the contact. The
smaller fragments generally are completely bleached, but many
large masses‘contain cores of unaltered material. Bleaching
may extend along fractures in the fragments, but banding
of the colors is rare,

Posgsible causes of the variation in thickness of the
alteration zone are the following: relief of the upper
contact of the Moenkopi formation, thickness of the Shinarump,
and lithology of the Shinarump conglomerate directly above
the contact. In the present investigation no definite corre-
lation could be recognized between the thickness of the
bleached zone and any of these factors. In general, the zone
of bleaching is especially thick at the bottoms of channels
and thin where overlain by muds£one units of the Shinarump
conglomerate, A considerable amount of bleaching occurs in
several areas of mineralization. On the other hand, both
mineralization and chamels occur in several localities
where there is no trace of alteration. Benson, Trites,

Beroni, and Feeger (1952, p. 9) report the same situation
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in the White Canyon area of southeastern Utah,

The origin of bleached zones at the top of the Moenkopi
formation and of the solutions which formed them is a subject
of considerable cbntroversy. The following are possible
sources of these solutions: surface water prior to Shinarump
deposition, primary mineralizing solutions, and ground water.

The altération zones have a number of the general
characteristics of a soil layer such as might have formed
on the Moenkopi erosional surface prior to the deposition
of the Shinarump conglomerate. However, Moenkopi-like mater-
ial, occurring as lenses and fragments within the Shinarump |
conglomerate, have been bleached in the same manner as the
contact zone. These masses have been altered since the
Shinarump conglomerate was deposited, and presumably the
underlying Moenkopi formation was bleached simultaneously,

The composition, age, and even the existence of primary
hydrothermal mineralizing solutions are in doubt., Assuming
that solutions responsible for depositing uranium, copper,
and other minerals existed and could have caused the reduc-
tion and removal of ferric iron, their effect would have
depended largely upon their composition and the composition
of the connote waters within the Shimrump conglomerate
itself., A theory involving such solutions, although entirely
plausible, has one outstanding objection i.e., primary mineral-
ization is restricted to a number of relatively small areas on
the Colorado Plateau; whereas, alteration zones are almost

universally present.
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The remaining possible reducing agent is ground water.
The relatively permeabie Shinarump conglomerate undoubtedly
was an important aquifer prior to the uplift and dissection
which expose it today. The following are possible reasons
for the reducing nature of the solutions: (1) redistribution
by ground water of various mineralizing solutions containing
hydrogen sulphide and/or other reducing agents or (2) contact
of the ground water with plant material within the Shinarump
conglomerate causing thé ground water to become reducing in
nature. Lack of an alteration zone in the Moenkopi formation
in a few localities may possibly be explained by the following
theory. Lenses and fragments of Moenkopi-like material within
the Shinarump conglomerate are impermeable and contain ferric
iron, The presence of this impermeable material near the
Shinarump-Moenkopi conﬁact may have tended to block the
circulating solutions. Furthermore, reaction with the ferric
iron would have decreased the reducing power of these solutions.
Therefore, the clays of t he Moenkopi formation at its upper
contact may locally have been protected by similar ciays of
the Shinarump. Thus, although the origin of the alteration
zone at the top of the Moenkopi formation is in doubt, ground

water appears to be the most likely agent in its formation.

Upper Contact

The Shinarump conglomerate is overlain by the Chinle

formation throughout the Colorado Plateau area, The upper

contact of the Shinarump conglomerate is here defined as the
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uppermost unit of Shinarump-type lithology. Thus, in some
places a few beds of Chinle clay may be included within the
Shinarump.

The lowermost units of the Chinle formation consist in
most places of alternating beds of mudstone and sandstone
which are much channeled and cross-stratified. Due to its
lack of resistance to erosion, however, the Chinle formation
is locally absent, leaving a surface covered by residual
material, This material in most places consists of sand,
pebbles, fragments of silicified wood, and sand concretions.

Examination of the Shinarump conglomerate over the
region studied aﬁd the descriptions of other geologists
suggest that it is the basal conglomerate of the Chinle for-
mation, The Shinarump probably never would have been recog-
nized as a formation except that it is especially conspicuous
because of its cliff-forming character and unique lithology.
The upper contact of the Shinarump conglomerate is gradational
into the Chinle in some areas but sharp in others, Gregory
(1917, p. 39) regards the contact as generally unconformable.
He bases this on differences in bedding and abrupt changes in
lithology. ©Such conditions are characteristic throughout both
formations and not merely at thelr contacts., Evidence of
periods of non-deposition and of erosion within all portions
of the Shinarump conglomerate is common and is to be expected
because of its depositional history.

The hiatus between the Shinarump and Chinle deposits in

areas of local unconformity probably is no greater than between
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certain units and lenses within the Shinarump itself. Baker
(1946, p. 59) reports tongues of Shinarump conglomerate
grading laterally into beds of Chinle clays, a situation to
be expected in a gradational contact.

Thus, the Shinarump conglomerate is gradational both
vertically and laterally into the Chinle formation. Minor
variations in the relief of this contact may be expected from
the mode of deposition of the units. The methods used in
defining the contact are arbitrary which also explains local

differences in character,

Sedimentary Structures

While cross-stratification is the most prominent struc-
tural feature within the Shinarump conglomerate, a number of
other interesting sedimentary structures occur. These include
sand concretions, ripple marks, mud cracks, current lineation,
and unconsolidated rock deformation. Studies were made of
these various sedimentary features for several reasons: (1) to
gain information on the depositional history of the formation
(2) to ascertain the importance of sedimentary structures in
the localization of uranium ore (3) to gain general information
on sedimentary structures of continental deposits which might
be applicable elsewhere. An examination of cross-stratifica-~
tion, made in all areas covered by this report, consisted of
descriptions of their appearance and a statistical study of dip
directions. Characteristics and relationships of the other

sedimentary features are described in detail,
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Cross-~Stratification

Cross-strata observed in the Shinarump conglomerate
consist of three types; one of these is large- to medium-
scale ard the other two are medium-~scale, after the class-
ification of McKee and Weir (1953, p. 388). The large-
scale type consists of lenses of sandstone and conglomerate
in which cross~-strata are bounded by surfaces of deposition.
Such stratification is especially characteristic of channel
fillings cut into the Moenkopi formation. The medium-scale
cross-gstrata are either of the trough or planar type or
‘combinations of these and occur largely within horizons
above the channel-fill sediments.

Large-scale cross-stratification: The deposits of

Shinarump conglomerate f£illing channels cut into the Moenkopi
and De Chelly formations are characterized by elongate lenses,
the contacts of which parallel the base of the channel in
many places. These lenses may be tens of feet thick and, in
several places, extend hundreds of feet across the channel
fill. The lenses tend to feather out toward the margins of
channels and most of them remain remarkably uniform in
lithology throughout their length. Several were noted,
however, with distinct changes in lithology roughly perpen-
dicular to the course of the channel. Unfortunately, all

of the lenses studied were visible only in two dimensions on
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the cliff faces, whereas a three dimensional analysis
undoubtedly would have revealed more information on these
changes in lithology,

A comparison of the lenses described abo?e with the
experimentally formed, asymmetrically filled trough deposits
described by McKee (1953, p. 57) indicates similar conditions
of depogition. The experimental deposits were formed by sub-
aqueous filling of a trough from the side, the current travel-
ing at an angle to the axis of the trough. This substantiates
the field impression that the regularity of bedding and sorting
are more typical of subaqueous than subaerial deposition. The
existence of bodies of water in the areas of channel deposi-
tion may have been due to a generally higher base level or
to ponding caused by uneven deposition of the advancing sheets
of Shinarump sediment.

Medium-scale cross—-gstratification: Two types of medium-

scale cross-stratification, planar and trough, as described by
McKee and Welr (1953), were noted in the field studies. The
planar type (Plate VIII), characterized by a planar lower
surface, appears to have been deposited on a surface of ero-
sion or beveling following a rise in base level. The trough
fype(Plate IX) differs from this in having a curved lower
surface with cross-strata that conform roughly to this lower
surface,

The sequence of events including erosion, rise in base
level, and deposition is based on experimental work performed
by the writer under the direction of Prof, McKee (McKee, 1953,
p. 57-9). This work indicates that subaqueous deposits, in



general, were formed as advancing foreset beds or were de-
posited by settling, so that beds conforming to the surface
of deposition were formed. This appearance is in contrast

to subaerial deposition which would have formed flat beds

and sheet deposits. In trough-fill deposits, deposition in
standing water forms perfectly symmetrical cross-strata as
shown by experiment whereas deposition in water flowing
parallel to the axis of the trough produces strata the thick-
ness of which is somewhat greater at the base of the trough
than on the flanks.,

Perfectly symmetrical cross-strata occur at many places
in the Shinarump conglomerate. A rise in base level, which
apparently is necessary to form medium-scale cross-strata
need only be a local ponding, such as commonly develops in a
braided stream system. Cross-strata of the trough type vary
somewhat in size in the several areas studied. Those on
Hoskinnini Mesa range from two to three feet in width and two
to four yards in length while at Monument #2 Mine they range
from four to six feet in width and four to five feet in length.
The ratio of length to width probably is a function both of

the currents of erosion and of deposition.

Statistical Study of Cross-Stratification

Statistical studies of cross-stratification dip
directions have been used by Knight (1929), Shotten (1937),
Reiche (1938), and McKee (1940) to indicate the origin of
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sedimentary units and to determine the directions of move-
ment of the agents of deposition. The methods used in the
present investigation are those outlined by Reiche (1938)

with modifications suggested by McKee (1940) and Gordon.W.
Weir (personal communication to E. D; McKee, 1952). These
methods consist, in general, of'recording the dip magnitude
and direction of dip for at least 30 cross-strata surfaces
which are scattered laterally across an area but are within
the same zone vertically. The average dip direction, computed
from these data, represents the direction of streamfiow at
that locality during the time of deposition. A considerable
number of such averages, obtained across the region, should
indicate the mean directions of movement of the various
systems of Shinarump streams. A discussion of the application
and accuracy of these methods is included in Reiche (1938)

and McKee (1940).

Rosette charts of representative sets of cross-stratifi-
cation dip direction readings (Figs. 2 through 5) indicate
the variety of dip directions studied. In addition, these
data are tabulated (Table I) to facilitate comparisons
between areas and between zones within an area. The tabu-
lated data consist of the more reliable (i.e., higher con-
sistency ratios) sets of readings. Figure 5 is an example
of a possible source of error in interpretation due to poor
consistency in data. |

Examination of the data in Table I indicates the follow-

ing: (1) no dip direction is common to any zone from one




Table I.,~ Cross-Stratification Data

Average

Maximum Maximum

Average Consistency Dip in Dip in

Area Zone Type* Direction Ratio Degrees Degrees
Monument #2 Mine Ch., fill P N36E <40 29 12
Monument #2 Mine Lower P N26E .70 30 12
Monument #2 Mine Lower P ..S69E : .75 20 L
Monument #2 Mine Lower (?) P,T S39E 43 22 9
Monument #2 Mine Upper T sS18w .92 27 14
Hoskinnini Mesa Lower T S26W .82 27 15
Hoskinnini Mesa Lower (?) P s81w .91 26 15
Hoskinnini Mesa Lower (?) P S72w0 <93 28 18
Hoskinnini Mesa Lower (2] P SLIW .96 19 13
Hoskinnini Mesa Upper . P N6OW 9L 21 10
Canyon de Chelly Upper T S19E 95 2L 15
Canyon de Chelly Upper (?) T,P S12w .87 28 15
Canyon de Chelly Lower P N75W 9L 29 17
Cameron Lower T N50W .85 20 15
Cameron Upper T N60OE .69 22 13
Lee's Ferry - T N3 «93 2L 11
0ljeto -- P N55E .95 13 8

*P is planar, T is trough.

LE
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area to another, nor is there any apparent relationship
between zones within an area; (2) the average dip direction

of the chamnel fill material in the Monument #2 Mine roughly
parallels that of the lower zone; (3) all types of cross-
stratification occur in all zones; (4) consistency ratios

are generally very good (.50 is considered fair), but they are
poor in the channel f£ill sediments and one lower zone locality
at Monument #2 Mine; and (5) in general, the average maximum

dip of the cross-strata is less in the upper than in the lower

zone,

Zones of Cross-Stratification

During the statistical study of cross-stratification
dip directions, & possible method of subdividing the Shinarump
conglomerate vertically into lithologic units was discovered.
On Hoskinnini Mesa the dip directions within certain areas are
quite uniform laterally through the formation; whereas, with
changes of level, vertically within the formation, radical
changes in dip directions occur. At any particular level,
the dip.directions vary only slightly.

All of the areas included in this report were studied
intensively in order to discover possible additional evidences
of zoning., On Hoskinnini lMesa two well-defined zones have
been delimited., In these, the dip directions of cross-strata
within each zone are quite uniform, but the averages of the

two zones vary widely (figs. 2 and 3). A still lower zone,
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comprising sediments of the channel fill, consists of a few
poorly exposed cross-strata, dip directions of which are
less consistent than those of the overlying zones. The
channel-fill sediment probably was deposited contempora-
neously with that of the lower zone.

A situation similar to that on Hoskinnini Mesa, with
well-developed upper and lower zones and a poorly developed
channel fill zone, occurs at Monument #2 Mine. Cross-strata
dip directions also reveal the occurrence of two zones at
Canyon de Chelly and at Cameron, but only one zone occurs
at Oljeto Mesa and Lee's Ferry. Rarely can a sharp contact
between zones be seen, but an exception is at Monument #2
Mine. A conglomerate lens marking the approximate contact
between zones is conspicuous in several localities of the
Monument Valley area.

Because of the rather unusual nature of the conditions
necessary for the formation and preservation of these cross-
strata, a zone probably cannot be traced for any appreciable
distance by using dip directions of the cross-strata. Further
studies of the zones, including features of lithology, grain
size, sorting, cementing material, and heavy minerals have
been made in an attempt to define the zones in such a manner
that they could be recognized over considerable distances,
The results of these investigations, discussed in the section
of this thesis on Lithology, were for the most part unsatis-

factory.

The lack of zoning at O0ljeto Mesa and Lee's Ferry may
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be due to one or more of the following four factors: (1) the
upper zone has been eroded away eit her recently or during
Shinarump time, a possibility at Oljeto Mesa; (2) the area
was topographically high and only the upper zone was de-
posited, a probability at Lee's Ferry; (3) the dip directions
of the cross-strata of the two zones are so close, through
coincidence, that the zones are indistinguishable, a possi-
bility at Oljeto Mesa; and (4) Chinle deposition began earlier
than in other areas, thus taking the place of the upper zone

of the Shinarump conglomerate, a possibility at Lee's Ferry.

Small-Scale Sedimentary Structures

Small-scale sedimentary structures in the Shinarump
conglomerate, not associated with cross-stratification, in-
clude the following: (1) sand concretions (2) ripple marks
(3) mud cracks (4) current lineation (5) unconsolidated rock

deformation.

Sand Concretions: A large number of sand concretions,

varying from less than one inch to several inches in diameter,
weather out of lenses in the Shinarump conglomerate at several
localities on Hoskinnini Mesa (Plate X). The concretions,
together with the lenses out of which they weather, consist

of relatively well sorted, medium-to coarse-grained sandstone.
Samples of the concretionary anmd nonconcretionary portions

of a lens showed calcium carbonate content amounting to 2.6

per cent in the concretion and 1.6 per cent in the host rock.
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The concretion, after soaking in acid, was quite
friable, indicating that it conteins little or no silica
cement., In addition, the concretions contain a considerable
amount of iron oxide, whereas the surrounding sandstone is
very slightly iron stained. Thus, iron oxide, as well as
calcium carbonate, appears to be a factor in the increased
cementation which is characteristic of these concretions.'
The iron oxides, and possibly manganese oxides, form concentrié
bands within the concretions. In addition, a nucleus of iron
oxide occurs in its center. The oxidation of pyrite probably
explains the source of the iron oxide and the change of pH
during oxidation may have induced a greater deposition of
calcium carbonate by ground water. Limonite pseudomorphs
after pyrite, ranging up to several inches in diameter, are
numerous-in the same general locality.

Ripple Marks: Casts of linear and cusp ripple marks

occur both within and at the base of the Shinarump conglomerate
in the Momument Valley area. Among the ripple marks within

the fomation, current directions, as indicated by the ripple
marks, roughly parallel those indicated by cross-strata of

the immediate vicinity. In addition, current ripple marks

of the linear type occur at the top of the Moenkopli formation
in several localities in the Monument Valley area. They
generally are best exhibited on the underside of Shinarump
conglomerate overhangs, but also are developed in the Moenkopi

at the contact. These ripple marks appear to have been formed
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at the time of deposition of the initial Shinarump sediments,
They indicate a lack of consolidation of fhe Moenkopl forma-
tion at the time of Shinarump deposition.

Mud Cracks: A mud crack, two feet deep, filled with

Shinarump sand, occurs near a channel on the northwest side

of Hoskinnini Mesa., The sand filling, with sediment identi-
cal to that of the overlying Shinarump conglomerate lens,
reaches a maximum width of one inch near the top of the crack.
Much of the contact between the Shinarump and Moenkopi in

the immediate area is covered with talus, but exposed portions
reveal no additional evidence of dessication.

Current Lineation: Casts of current lineation marks

are clearly developed on the underside of a sandstone lens
at Monument #2 Mine. They indicate a current direction
roughly parallel to that shown by cross-strata in the

immediate area,

Unconsolidated Rock Deformation: Examples of unconsoli-

dated rock deformation within the Shinarump conglomerate

occur in the Monument Valley area (Plate XI). The deformed
sediments in a zone of well developed cross-strata are limited
to a definite area and do not extend laterally for any appre-
ciable distance., Similar exposures, discussed by Rettger
(1935) and Fairbridge (1947), have been attributed to slump-
ing at time of subaqueous deposition caused by over-steepen-

ing or overloading.
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Lithology

The lithology of the Shinarump congiomerate is extremely
variable in nearly all local areas, but relatively homogeneous
from a regional viewpoint. Whereas all proportions of con-
glomerate, sandstone, and mudstone, occur in the Shinarump
conglomerate in nearly all localities, these same lithologic
types in varying proportions are characteristic of the forma-
tion throughout its extent. Differences in the lithology
of pebbles in the conglomerates are characteristic.

Because of its heterogeneity, both vertically and later-
ally, the Shinarump conglomerate was not studied with a series
of measured sections as is customary in stratigraphic work
with most sedimentary units, During examination of exposures
in the places studied, however, an approximation of the rela-
tive percentages of each lithologic type was noted. The
average value for all areas is roughly 75 per cent sandstone,
20 per cent conglomerate, and 5 per cent mudstone. Thus, al-
though the term conglomerate is part of the accepted name of
this rock unit, the formétion'where examined is a slightly
conglomeratic sandstone., This rough classification does not
take into account considerable amounts of sand size particles
in the conglomerates, scattered pebbles in sandstone units,
and interstitial argillaceous material common in all units.

A comparison of the percentages of the lithologic types

in the Shinarump conglomerate of the Monument Valley area
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with those in the other areas studied reveals a few moderate
- differences, but an amazingly great overall similarity. Per-
centages of conglomerate, sandstone, and mudstone exposed at
Lee's Ferry are identical with those at Monument Valley except
in the vicinity of certain ancient buried hills of Moenkopi
mudstone that rise above the pre-Shinarump surface. Near
these, probably because of protection from strong currents of
ancient streams, the deposits of Shinarump conglomerate contain
very little coarse material and include up to 25 per cent
mudstone. The relatively small amount of Moenkopi sediment
incorporated into the Shinarump conglomerate, and the fact
that some hills of Moenkopli mudstone remained during the
entlre period of Shinarump deposition, indicate a lack of
evidence of peneplane development.

The Shinarump is more conglomeratic at Cameron than in
any other area studied. It contains very little conglomerate
at Canyon de Chelly. Both of these areas are characterized
by a lack of mudstone, but the explanation in each case is
different. At Cameron, the streams which were capable of
carrying coarse detrital material probably carried fine-grained
material beyond, through the process of sorting. At Canyon
de Chelly, the lack of mudstone in the Shinarump conglomerate
probably is due to the absence or scarcity of Moenkopi deposits
which constitute a possible source of fine detritals.

Lateral changes of lithology in the Shinarump conglomerate

are abrupt in places and gradational elsewhere. Scouring and
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filling during deposition caused most of the abrupt changes,
Lateral gradations in lithology are especially well developed
in the lenses of channel-fill deposits.

A study of lithologic zones within the Shinarump con-
glomerate indicates that the upper zone is generally finer
grained than the lower zone. In addition, the upper zone

is, in most places, better sorted and contains less mudstone

and fewer pebbles.

Conglomerate

The detrital sediment in the Shinarump conglomerate
which is larger than sand size consists of two types: (1)
resistent pebbles amd a few cobbles, generally of siliceous
composition, which apparently have been transported for long
distances and (2) fragments of varying sizes of Moenkopi
and De Chelly lithology which were deposited very near the
point of their origin. The first type, generally referred
to in the literature as quartz-pebble conglomerate, is the
predominant type amd occurs in all portions of the formation.
Most of the second type is restricted to channel-fill de-
posits but in several localities occurs along flat-lying

contacts,

Quartz~Pebble Conglomerate: Quartz-pebble conglomerates

are somewhat more common in the lower portions of the formation
than in the upper. Conglomerate beds occur also between the

upper and lower zones in several localities. They may
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represent the basal material in a new series of deposits.

Table IT is a presentation of statistical studies of
pebble samples from various zones and localities of the
Shinarump conglomerate within the areas studied. The study
includes data on lithology, roundness, sphericity, and weight
of the average pebble from each sample and largest pebble
from each area, The pebbles are classified on the basis of
lithology and color, using color groups which are as inclu-
sive as practical. The roundness measurements were obtained
visually by comparison with standard charts in the manner
described by Krumbein (1941). The sphericity was obtained
by measuring the lengths of the three axes of the pebble,
computing the ratios of the axes, and using these ratios
to determine the spericity as described by Krumbein and by
Zingg (quoted by Payne, 1942).

A comparison of the average pebble weights from each
locality studied indicates that the pebbles used in the com-
putations were of about the same size except for those from
Cameron which were larger. The largest pebble from a locality
is a measure of the maximum transporting ability of the stream
system. Such pebbles were not used in roundness and sphericity
determinations., Because in sane areas Tertiary terrace gravels
are associated with residual gravels of the Shinarump conglom~
erate, extreme care was exercised in collecting samples,

The gravels collected in the various localities fall
readily into the following four-fold classification: (1) chert
(2) light-colored quartz and quartzite (3) gray, brown, and
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black quartzite (4) red and purple quartzite. In addition,
granite and schist pebbles were collected in several locali-
ties. Chert, generally present in small amounts, comprises
up to 68 per cent of samples collected on Hoskinnini Mesa,
Many of these samples consist of chert nodules and fragments
which are poorly rounded and a few of them include soft,
calcareous masses within the pebbles. These characteristics,
in contrast to the well rounded and highly abraided quartzite
pebbles, suggest that the chert may have been derived from

& source less distant than that of the quartzite. On the
other hand, a scarcity of chert gravels in the Shinarump con-
glomerate at Cameron and Lee's Ferry indicates that local
uplift and erosion of the underlying, cherty Kaibab formation
(Permian) was of minor importance in supplying sediments to
those areas.

Most of the gravels collected in the areas studied con-
sist of quartz and quartzite of varying colors. A number of
the light-colored gravels appear to be of vein quartz, rather
than of quartzite. Such composition is in contrast to that
of other gravel groups which appear to consist entirelj of
Quartzites. Many of the pebbles, because of their color and
lithology, resemble types that occur today among Pre-cambrian
and Paleozoic rocks of central Arizona. The red and purple
quartzites, in particular, greatly resemble the Troy and
Bolsa quartzites (Middle Cambrian) of central and southern
Arizona, as well as certain other Cambrian formations of the
southwestern United States., Other colors and lithologies

less distinctive also resemble those of formations which crop
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out to the south in Arizona.

Several pebbles of granite and schist were collected
both at Monument Valley and at Cameron. Pebbles of igneous
and metamorphic rocks are noteworthy for their scarcity in
the Shinarump conglomerate. This indicates either of two
possible conditions: (1) the pebbles were largely derived
from mountains which contained no igneous or metamorphic
rocks or (2) they were derived from youthful mountain areas
before erosion had breached the sedimentary cover over a
crystalline core, The latter is suggested because the up-
1ift had just occurred which ultimately caused the deposition
of the Shinarump conglomerate.

Mud-Pellet Conglomerate: A conspicuous feature of the

channel-fill deposits of the Shinarump conglomerate in the
Monument Valley area is the quantity of subangular to rounded
lumps or pellets of claystone and siltstone incorporated in
the conglomerates and sandstones (Plate XII). These mudstone
pellets comprise up to 20 per cent of the rock in several
localities, Most of them range from pea size to several
inches in diameter, but blocks of mudstone up to three feet
in length and four inches thick also occur. In general, the
small fragments are scattered rather uniformly throughout con-
glomerate lenses, whereas most of the large blocks (greater
than one foot in length) are oriented parallel to the sides
of channels as if they had slid down the slopes during de-
position., Much of the mudstone probably was obtained from

erosion of the underlying lMoenkopi formation. Some may have



Table II.~- Data on Pebble Samples

% of Sample Weight (grams)
Brown,

Light ©black, Red- ,

qQtz. & & gray purple Schists™,Largest Average

‘Area Rnd. Spher. Chert qtzite 4tzite qtzite graniteif pebble bpebble

Hoskinnini Mesa:

Upper zone over channel.45 .75 6 L6 30 18 - 42,0 6.2
Lower zone over channel.59 .76 10 30 38 22 - 62.5 6.7
East of c¢hannel o148 o Tl 30 28 14 28 - LO.5 15.1
West of channel 053 T4 18 36 26 18 2% 128,0 13.8
Northeast part of mesa .58 .78 68 6 14 12 - 226.0 13.3
Cameron: :

Upper zone Bl W75 10 54 10 26 _— 88.8 20,5
Lower zone .52 077 8 2L 8 58 2 101.0 51.2
Monument #2 Mine :

Over channel 95 o7l - 6 78 16 - Not available
Yiest of chamnel 56 T4 - 14 82 L —-— " "
East of channel .57 o Th - 2 2L 56 18 - " "
Oljeto 52 .76 6 2L 36 32 23 56.2 13.3
Lee's Ferry Sh JTh 6 L 20 30 - 348,0 16.8
Canyon de Chelly 52 .75 2 28 26 Ll - 3845 765

6%
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been derived from reworking of mudstones deposited during
Shinarump time,

Deposits filling the small pre-~Shinarump channels in
the De Chelly sandstone of the Canyon de Chelly area contain
rock fragments, up to two inches in dlameter, similar in
lithology to parts of the Moenkopi formation and to the
De Chelly sandstone. Mudstone of the Moenkopi formation is
exposed at Fort Defiance, but no Moenkopi is present in the
Canyon de Chelly area. Thus, mud pellets may have been de-
rived from former Moenkopi deposits of this area which were
destroyed by erosion during Shinarump time. At Cameron a
few fragments of Moenkopi mudstone occur in a pre-~-Shinarump
channel. _

A block of Moenkopi mudstone which has been compacted
concordantly with undulating sand units above and below it
occurs in the Shinarump conglomerate on Nokai Mesa (west of
Hoskinnini Mesa). The perfect continuation of th9 undula-
tions through the mudstone block indicate that it, and pre-
sumably the Moenkopi formation as a whole, had not been much
lithified at the time of Shinarump deposition.

Most Moenkopl mudstone blocks that occur in channel-fill
deposits have shapes dependent on lithology. Siltstones de-
velop with square corners, whereas the claystone fragments
have rounded edges. Similar characteristics prevail in recent
unlithified sediments. Clay tends to round off and silts to
break up.
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Sandstone

Sandstones comprise approximately 75 per cent of the
Shinarump conglomerate in the areas studied; yet they are
rather inconspicuous where they occur with the more striking
conglomerates and mudstones. Sand grains are composed of
qQuartz and a little feldspar; they are subangular to sub-
rounded and most of them range in size from medium to coarse,
Most sandstone units contain less argillaceous material than
do the conglomerates,

Statistical Study of Core Samples: Approximately 15 core

holes were drilled by the U. S. Atomic Energy Commission on a
Channel on the northwest side of Hoskinnini Mesa during a de-
tailed investigation of uranium occurrences on the Mesa. The
logs of ten of these holes and a complete core from one hole
were obtained in order to study vertical changes in the
Shinarump conglomerate at this locality. The holes were
collared at or near the top of the lower zone of stratifi-
cation, so the cores include only the lower zone and the
channel~fill deposits. Sedimentary analyses were made of

the core samples, and an attempt was made to correlate between
core holes, using the logs.

Sedimentary analyses were made of all medium and coarse
detrital units recovered in a 187-foot core hole on Hoskinnini
Mesa, The results are tabulated in Table III. No sediment-
ary analyses have yet been attempted on the fine detrital

units, both because of difficulties in size analysis, and



Table III.~ Sedimentary Analyses of Drill Core Samples

Per- Percemt in sieve sizes
Sample cent
No, Depth CaCO3 5 10 18 35 60 120 230 -230
1 8-10 2,6 1.9 14,0 36,7 28.8 8.0 4.8 2,6 3.2
2 10-35 7 - - - 1.1 16.7 58.7 12,1 1i.4
L 36-46 1.5 - - - 1.3 40.2 42.5 702 8.8
5 lk6-52 303 - - - l.l-lr 3208 51&02 408 6:8
6 52-78 3.1 - - - L.3 L7.3 35.3 5.2 7.9
7 78-97 3ok - 7 3.6 15.6 46,3 24.6 3.8 50l
9 100-167 10.9 - o3 1.4 23.1 47.3 18.1 3.6 6.2
11 170-179 2L.1 - - 9.2 69.0 13,0 4.0 1.5 3.3
12 179-
180.5 20,5 39,0 22.7 17.6 8.4 8.4 2.3 .8 .8
13 180.5
(Moen- 187 7.3 * * x * * * % *
kopi)

* No size analysis performed on Moenkopi sample,

B1S
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also because of difficulties in disaggregating the samples.

A number of statements may be made on the basis of re-
sults obtained from analyzing the core samples (Table III):
(1) rocks from the upper portion of the core hole contain
less than four per cemt calcium carbonate, whereas those
from deeper units, especially among the channel-fill deposits,
contain at least seven per cent calcium carbonate. An excep-
tion to this is in units 11 and 12 which contain limestone
pebbles; (2) a mudstone sample from the Moenkopi formation
contained 7.3 per cent calcium carbonate; and (3) Although
thefe are wide size variations throughout the entire core,
individual units are fairly well sorted.

Lithologic logs of ten core holes drilled in one locality
on Hoskinnini Mesa have been obtained and from them a litho-
logic facies block diagram of this limited area has been con-
structed. These logs, however, even where the locations and
collar elevations of the holes accompany them, permit little
more than very general correlations between the holes. Two
characteristics of channel deposits that are cut into the
upper lMoenkopi surface are responsible for this: (1) lateral
gradations in lithology within lenses and (2) the manner in

which lenses change elevation laterally.
lTfud stone

In addition to the mudstone pellets and lumps in many
conglomerate lenses, a small amount of mudstone occurs as

lenses and beds within the Shinarump conglomerate. These
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deposits probably were deposited in pools and backwash areas,
protected from rapidly moving streams that formed the coarser
beds. Most of the fine detrital sediment is either siltstone
or silty claystone, but some claystone is present. Many of
the beds are shaly, but some are structureless. A majority
bf the mudstone lenses occur near the base of the Shinarump

conglomerate.
Accessory Features

Cement: The Shinarump conglomerate as a whole is well
cemented, a partial explanation for its cliff-forming Quali—
ties., Three types of cement occur in the formation: (1) cal-
careous (2) siliceous (3) ferruginous.

In the areas studied, calcium carbonate is the most im-
portant cementing material. Table IIT indicates the amount of
soluble material in a number of core samples from Hoskinnini
Mesa. Reliable quantity values for cement range up to ten
per cent. Specimens with higher values are the result, at
least in part, of limestone pebbles being included in the
cores,

Silica cement is moderately common in a number of local-
ities studied. No evidence has been noted, however, to support
the statement made by Gregory (1916, p. 79) that the cement is
prevailingly siliceous in the Shinarump conglomerate of the
Navajo country. Visual inspection and difficulties in dis-

aggregation of a number of core samples from Hpskinnini Mesa
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indicate that the amount of siliceous cement is greater with
depth. Whether this is due to greater deposition by ground
water or to greater removal by weathering is not known. Waters
and Granger (1953) discuss silica cement and secondary growth
of quartz grains in the Shinarump conglomerate in considerable
detail. .They consider devitrification of volcanic ash in the
Chinle formation as a likely source of large quantities of
silica,

Ferruginous cement occurs in the Shinarump conglomerate
in a few localities. Locally, together with calcareous cement,
it forms sand concretgions (Plate X). The iron probably is
derived from the oxidation of pyrite within the formation,
Limonite pseudomorphs after pyrite occur in masses up to two
inches in diameter in the southwest portion of Hoskinnini

Mesa,

Fossil Wood: Fossil wood within the Shimamrump conglomerate

consists of the following two types: (1) wood which has been

repléced by silica forming silicified wood similar to that of

the Chinle formation in the Petrified Forest and other areas

and (2) black, powdery, charcoal-like carbonized wood. These

two types of fossil wood do not occur together in single

lenses in the areas studied. Most carbonized wood occurs in

pockets filled with varying proportions of clay, sand, pebbles,

and vegetable debris called trash pockets (Plate VII); whereas

most silicified wood occurs in gquartz pebble conglomerate lenses,
Silicified wood is common in the Monument Valley and

Lee's Ferry areas, but is rare at Cameron and Canyon de Chelly.
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Carbonized wood is restricted to the Monument Valley area,
of the areas studied. Logs of silicified wood up to five
feet in diameter occur on Hoskinnini Mesa, whereas carbonized
wood fragments farely are as large as two inches in diameter,
One large silicified log, ten feet in length, apparently was
derived from an exceptionally big tree as it had the same
diameter at one end that it had at the other.

Most silicified logs are aligned parallel to the current
direction of the streams that deposited the Shinarump conglom-

erate as indicated by cross-strata, scours, and current lineation.

| A statistical study of two groups of logs within limited areas
was made on Oljeto Mesa. The average trend of eleven logs in
an area southwest of 0ljeto Trading Post is North 21 degrees
FEast, whereas sedimentary structures in the immediate area
trend North 15 degrees East. In a second locality, near the
Skyline Mine on 0Ol jeto Mesa, the logs have an average trend
of North 46 degrees East which parallels the average trend of
a number of nearby cross-strata. This parallelism apparently
is due to the tendency of a linear object, when "grounded"
in a stream, to align itself parallel to the current direction.

According to Daugherty (1941), vegetation was abundant
during Shinarump time., Its incorporation and preservation by
rapid burial in the Shinarump conglomerate is to be expected.
The different factors which produced silicified wood in one
place and carbonized wood in another are only partially under-
stood. Waters and Granger (1953, p. 2) consider the carbonized

wood to be charcoal, formed by burning prior to deposition,
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Both Bain (1952) and Stokes (1950) report the occurrence of
abraded fragments of silicified wood whére rounding included
the silicified inner cell material. Both men believe that
this indicates silicification of the wood during Shinarump
time, before the wood was reworked and deposited for the

last time. Thus, silicification may have been accomplished,
at least in part, by silica-charged surface or near-surface
waters rather than by ground water as is generally presumed.

Heavy Minerals: Heavy minerals were extracted from

samples obtained from the upper, lower,. and channel-fill
zones of the Shinarump conglomerate on Hoskinnini Mesa.,
Zircon, tourmaline, rutile, and garnet (in descending order
of abundance) oceur in all zones, Significant differences
in the heavy mineral content of the zones apparently does

not occur in this locality and may not occur in the region.

Depositional History

Deposition of the Shinarump conglomerate probably resulted
from uplift in areas adjacent to the margins of the present
Colorado Plateau, Braided stream systems spread out the
detrital material derived from these newly-formed or rejuven-
ated mountain areas. The history of the Shinarump conglomerate
begins, after deposition of the Moenkopi formation, with the
post-Moenkopi erosion and it includes uplift and erosion of
the surrounding mountain areas, deposition of advancing sheets

of conglomerate, and, finally, a change in type of deposition
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as shown by transition from coarse detritals to fine Chinle
materials. The following sequence of events, many of which
are necessarily inferred, is an attempt to bring field and
laboratory data together into a reasonable depositional history.

Following the close of Moenkopi deposition in Middle
Triassic time, a slight lowering of the regional base level
occurred. Meandering streams began to drain the large area
underlain by the unconsolidated Moenkopi silts and muds. This
process caused slight erosion which probably continued tq the
close of Middle Triassic time. The Moenkopi formation, because
of the lack of sedimentary cover, did not become indurated
during this period of time but did become a fairly cohesive
mass of muds and silts from compaction and cementation.

The period of relative crustal inactivity in the four
corners region came to a close, probably near the beginning
of Late Triassic time (McKee, 1951, p. 494), with the uplift
of mountainous areas to the south and east of the margins of
the present Colorado Plateau. Study of the Shinarump conglom-
erate in other areas has indicated additional uplifts to the
north in Utah and Colorado (Dane, 1935). In the region of the
Present Colorado Plateau minor undulations and upwarps reflected
these mountain-building disturbances. The warping and folding
of Moenkopi beds prior to the deposition of the Shinarump
conglomerate is reported by Camp, Colbert, McKee, and Welles
(1947, p. 3). Such upwarps may well have been the cause of
one of the most distinctive features in the areas studied.
In the Monument Valley area, channels cut into the Moenkopi

formation have the appearance of incised meanders. Possibly
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they were formed by local uplifting at this time, causing the
meandering streams in the area to become entrenched. Further-
more, the absence of Shinarump conglomerate in large areas of
southern Utah may have been caused by this same process. TUp-
warping of these areas, causing them to become topographically
high, would have allowed the advancing sheets of Shinarump
material to lap against them but never to be deposited upon
them.

Canyon de Chelly, situated near the eastern margin of
Moenkopi deposition, as well as Monument #2 Mine and Cameron
are other areas of possible uplift and channel development.
Channels have been cut into the De Chelly sandstone at Canyon
de Chelly, into the Moenkopi formation at Cameron, and cut
through the Moenkopi formation into the De Chelly sandstone
to a depth of five feet at Monument #2 Mine.

Another area of probable uplift, southwest of those
examined in this study, is indicated by the presence of chert
nodules and rock fragments which resemble those in the Kaibab
formation. McKee (1937, p. 261) reports a fragment of lime-
stone from the Shinarump conglomerate at Cameron which contains

Productus (Dictyoclostus) occidentalus Newberry and sections of

crinoid stems. He believes that the pebble was derived from
the marine facies of the middle limestone member of the Kaibab
limestone and that it probably ceme from an area to the south-
west.

Many of the Shinarump pebbles collected from Hoskinnini

Mesa and from certain other areas studied in Arizona and Utah
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lithologically resemble rocks characteristic of central
Arizona. Red and purple quartzite pebbles, common in most

of the areas studied, are similar in appearance to rocks of
the Cambrian Bolsa and Troy quartzites of central and southern
Arizona,

As uplifted areas to the south and east of the present
Colorado Plateau contimied to be eroded, sheets of detritus
apparently fanned out from their bases. To the south of these
mountains, the sediments probably were contributed to the marine
Upper Triassic deposits of northwestern Sonora (Cooper and
Arellano, 1946, p. 611). To the north of these mountains,
however, extended a region the surface of which was very near
bage level. Sheets of sand and conglomerate began to advance
across this region from the mountainous areas,

The conditions under which at leést some of the sediments
of the Shinarump conglomerate probably were depositedy have
been reproduced in the laboratory. Experiments, performed by
the writer under the direction of Professor MéKee, developed
certain of the sedimentary structures of the Shinarump con-
glomerate. Briefly summarized, these experiments indicate
that sedimentary structures involving channels and troughs are
formed in a two-cycle process., The first cycle is one of low
base level with erosion cutting the trough or channel. The
second cycle is one of deposition, following a rise in base
level, with the sediments being deposited subagueously.

Attempts to reproduce corss-stratification in a one cycle
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operation, either subaerially or‘subaqueously, using changes

in gradient, volume of water, or volume of sediment available
for deposition, failed to form cross-stratification structures
characteristic of the Shinarump conglomerate. For instance,
the lensing deposits which are characteristic of channel-fill
material correspond in appearance to the experimentally formed,
asymmetrically filled troughs described by cKee (1953, p. 58).
These experiments indicate that there must have been el ther a
rise in base level to fill the channels with water or a damming
of the channels to form ponds, or possibly both.

Cross-stratification data, collected in scattered locali-
ties across the region (Table I), indicate that most of the
streams that formed the Shinarump conglomerate in the areas
studied, flowed in a general northerly to northwesterly
direction., This is further evidence of high areas to the
south and east of the Colorado Plateau.

Erosion of uplifted mountain areas beyond the basin of
deposition apparently provided most of the Shinarump sediments,
Variable amounts, however, were derived locally from hills and
mounds of the Moenkopi formation and De Chelly sandstone, es-
pecially in the upwarped parts of the basin. Fragments of
these rock types, especially common in channel deposits,
probably were largely destroyed by the continual reworking in
place where Shinarump sediments accumulated above the channels.

The end of Shinarump deposition resulted either from a
change of material in the source areas or a lower topography

of the mountains. Waters and Granger (1953, p. 3) believe
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that the mountainous areas were showered with Woleanic
debris that was carried and deposited in much the same
manner as the Shinarump material. This change in type of
sediment was not abrupt which explains the transitional
nature of the contact between the Shinarump conglomerate and
the Chinle formtion.

Conditions similar to those that caused deposition of
the Shinarump conglomerate were repeated several times during
Chinle time, forming deposits of comparable lithology at
several horizons within the Chinle. These deposits indicate
that the Shinarump conglomerate was the result of a combination
of conditions in the source areas and in the areas of deposi-
tion and was not formed as the veneer on a pediment surface
as described by Stokes (1950, p. 95). Moreover, if the process
had been one of pedimentation, the Shinarump streams would
have cut down the high area in southern Utah and deposited
conglomerate upon it. Most of the erosion of the underlying
Moenkopi and De Chelly formations appears to have been com-
pleted before deposition of Shinarump sediments began. The
process of advance by the sheets of Shinarump conglomerate
was one of deposition, not pedimentation. The inclusion of
fragments of Moenkopi andl De Chelly sediment in the Shinarump
conglomerate indicates that erosion occurred during deposition
and the amount deposited indicates that the erosion was of
minor importance, With subaqueous deposition going on in

the channels, it is unlikely that the channels were being



62

eroded simultaneously.

The last remnants of Moenkopi material in the Canyon
de Chelly area may have been destroyed by the advancing
streams that formed the Shinarump deposits. While no
Moenkopi occurs in the area today, fragments of both
Moenkopi~ and De Chelly- type lithology are common in the
Shinarump conglomerate that fills channels cut into the

De Chelly sandstone.
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MINERALIZATION

Deposits of uranium in the Shinarump conglomerate of
the Colorado Plateau are an important source of uranium
for the atomic energy programs of the Free World. The
uranium occurs in conjunction with varying quantities of
vanadium and copper, both in combination and as separate
minerals. Carnotite, hewitite, malachite, azurite, and
pyrite occur in one or more of the deposits studied. In
addition, Gruner and Gardiner (1953) report the occurrence
of uraninite, uvanite, gummite, and a number of other
minerals in the Shinarump conglomerate deposits of the
Monument Valley area, Carnotite, used in the broad sense,
includes a number of similar minerals (including tyuyamunite)

which are indistinguishable in the hand specimen,

History

Since the late 1800's, deposits in the Shinarump con-
glomerate on the Coloradd Plateau have produce& small quanti-
ties of vanadium and radium with uranium as a by-product. In
the production of these elements, fhe Shinarump conglomerate
was surpassed only by the Morrison formation (Upper Jurassic)
in the United States. Since applications of atomié energy to
various wartime and peacetime projects were discovered, a

number of deposits in the Shinarump conglomerate have produced
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an appreciable amount of uranium, with vanadium, radium,

and copper as by-products,

Descriptions of Mineralized Areas

Monument #2 Mine is the only operating uranium producer,
at the present time, in the areas studied. Shipments of ore
have been made from the Skyline Mine on Oljeto Mesa. In
addition, mineralization occurs at Hoskinnini Mesa, Cameron,

end Lee's Ferry. Much of the mineralization in the latter

areas is due to recent redistribution by ground water depositing

secondary uranium and copper minerals around pellets of mud-
stone and along joints and fractures on cliff faces., None of
this material is of commercial grade so far as is known. An
example of surface staining is exposed on a butte near 0ljeto
Trading Post. Carnotite is exposed along the wall of an adit
driven into the side of the butte at the Moenkopi-~Shinarump

contact, but it is absent one foot from the cliff face and

the amount of copper mineralization there is negligible.

Comparison of the mineralized localities at Monument #2 .
Mine, Oljeto Mesa, and Hoskinnini Mesa reveals the following:
(1) mineralization is restricted to deposits in pre-Shinarump
erosion channels cut into the upper surface of the Moenkopi
formation; (2) most mineralization occurs in conjunction
with clay and/or carbonized wood, with much of the remainder
in relatively permeable pockets caused by "pinchouts" in

mudstone beds; (3) most of the bleaching of the underlying
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Moenkopi formation is somewhat more pronounced in the
mineralized areas studied than is normal across the region;
(4) mineralization extends several inches into the under-
lying Moenkopi formation on Oljetb Mesa and several feet
into the underlying De Chelly sandstone at Monument #2 lMine;
and (5) intensity of mineralization varies widely, being
high at Monument #2 Mine, medium to low on Oljeto Mesa, and
low on Hoskinnini Mesa,

Channels: The widespread occurrence of ore in pre-Shina-
rump erosion channels cut into the Moenkopi formation and
its confinement to these channels are important features in
the sfudy of the mineralization of the Shinarump conglomer-
ate. That this is due to chance seems extremely unlikely
as channel deposits constitute only a minor portion of the
total volume of the Shinarump conglomerate.

Channels vary considerably in size in the Monument
Valley area. The chammel at Monument #2 Mine is 400 feet
wide and 4O feet deep, whereas those on Hoskinnini Mesa
reach depths of 250 feet and are several thousands of feet

in width. TIn addition, the channel at Monument #2 Mine

is discontinuous (canoe-shaped) over a distance of about a
mile, as indicated by drilling, whereas channels on the west
side of Monument Valley apparently extend an unknown distance
beyond the areas studied. These factors of size and dis-
continuity of channels may have been instrumental in forming
a rich orebody at Monument #2 Mine and only meager mineral-

ization on Hoskinnini Mesa,
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Permeability: Permeability, especially variations in

permeability, is apparently a second important factor in the
mineralization of the Shinarump conglomerate. All theories

on the origin of the mineralization in the Shinarump con-
glomerate recognize that solutions were active in the forma-
tion at some time prior to the final ore deposition. The
passage of these solutions appears to have been controlled

to a large extent by the wide ranges of permeability occurring
within the formation.

Ore located above mudstone lenses, apparently deposited
within a perched water table, occurs in several localities in
the Mbnument Valley area and has been reported from White
Canyon, Utah (Miller, oral communication 1952).

Much of the ore in the Monument #2 Mine is underlain by
the De Chelly sandstone. Although the upper few feet of the
sandstone are mineralized, the permeable sandstone appears to
have been a barrier to the downward migration of the mineral-
izing solutions. A possible explanation is a lack of vertical
permeability in the cross-stratified samdstone.

| Lithology: A third factor in the control of mineralization
in the Shinarump conglomerate is lithology. Most ore is segre-
gated in pockets and lenses within sediment-filled channels
along the Shinarump-Moenkopl contact. There is no apparent
control by permeability changes. Most of the pockets and
lenses contain clay and/or carbonized wood. A similar control
occurs in the Shinarump conglomerate in other areas (Miller,

1952; Waters and Granger, 1953). Unmineralized clay occurs



67

within a few feet of mineralization, however, in several
localities of the Monument Valley area, and unmineralized
carbonized wood occurs in conjunction with mineralized clay
in the Skyline Mine on Oljeto Mesa.

A possible explanation of variations in clay mineral-
ization is presented by Frederickson (1948, p. 184). His
experiments indicate that uranyl ions are picked up by clays,
such as montmorillonite, with base exchange properties, where-
as kaolin, with no base exchange power, has no effect. Waters
and Granger (1953, p. 10) consider this an adequate explana-
tion for the selectivity in the mineralization of clays in-
cluded within the various mudstones. Weeks and Riley (1952,
P. 13), however, report that X-ray analysis of gray clay from
five different Shinarump mines shows no montmorillonite.

A similarly confusing situation occurs in the study of
carbonized wood., Field work indicates that selective mineral-
ization occurs, but the cause is unknown. Waters and Granger
(1953) suggest humic colloids and resins, derived from the
wood, as possible precipitating agents.

Structural Control: ILarge- and small-scale tectonic

structures are possible factors in the control of mineraliza-
tion in the Shinarump conglomerate. In the areas studied,
large-scale structures cansist of monoclines and faults,
whereas joints and fractures comprise the small-scale
structures.

No mineralization has occurred in connection with faults,

Jjoints, or fractures in the areas studied, except for the
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deposition of secondary surface deposits by recent ground
water movement. These observations agree with those of
Miller (1952, p. 1280) at White Canyon, Utah.

Control of ground water movement within the Shimarump
conglomerate by monoclinal flexing has been suggested by
Bain (1953). He considers pre-Shinarump erosion channels
on synclinal limbs, near the troughs of synclines, to be
most favorably situated for mineralization. He conducted a
number of laboratory experiments on ground water movement to
corroborate his field observations. The areas studied, in
connection with this report, tend to support this theory.

A suggested natural continuation of Bain's experiments
would be a series studying the introduction and paths of
movement of juvenile solutions in an area of monoclinal flex-
ing, This would involve rising rather thap descending>solu-

tions.

Origin of Mineralization

The origin of the Plateau-type ore deposits constitutes
one of the most controversial problems in the field of economic
geology. The two main theories consist of contemporaneous
deposition, and later hydrothermal or ground water deposition.
Contemporaneous deposition, moreover, may be divided into the
following theories: (1) deposition in plant material along
beaches and bars from sulphate-bearing waters in the Shinarump
streams (Hess, 1933) and (2) deposition of detrital urénium
minerals in the Shinarump conglomerate, as described by Bain -

(1953).
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Theories of contemporaneous origin face certain definite
objections. First, uranium deposits are concentrated in a
nmumber of areas anl are not scattered uniformly throughout
the region as might be expected. Second, Stieff and Stern
(1952, p. 24) report that age determinations on uranium minerals
from both the Shinarump conglomerate (Upper Triassic) and the
Morrison formation (Upper Jurassic) indicate an age for
mineralization of the magnitude of about 80 million years. The
Upper Jurassic and Upper Triassic sedimentary units are approx-
imately 130 and 160 million years old respectively, according
to Zuener (1951, p. 310).

Uranium minerals are quite soluble under acid conditions
and a uranium~bearing pebble in a stream load would probably
be leached of its uranium before final deposition., An anal-
agous situation is the leaching of uranium minerals from the
dumps of o0ld vanadium mines on the Plateau., Thus, pebbles of
detrital uranium minerals probably were not deposited in the
Shinarump conglomerate in appreciable quantities.

Post-Triassic age for the mineralization in the Shimrump
conglomerate is postulated in the following theories: (1) intro-
duction of hydrothermal mineralizing solutions, possibly during
the Laramide orogeny and (2) concentration, transportation,
and deposition by ground water of minute quantities of uranium
scattered throughout the sedimentary rocks of the region,

The hydrothermal and ground water theories are both

supported by the lead-isotope age determination of 80 million
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years for deposits in both the Shinérump conglomerate and the
Morrison formation. Waters and Granger (1953) consider uranium-
bearing volcanic ash in Upper Triassic and Upper Jurassic de-
posits as likely sources far uranium for ground water concen-
tration. It has been suggested, however, that the grouping

of uranium deposits in certain localities indicates a hydro-
thermal origin. Igneous dikes occur in the 0Oljeto area

(Plate “XIIT) and near Monument #2 Mine. No known ore deposits
occur in conjunction with the dikes.

The field studies of the Shinarump conglomerate presented
in this paper produced no evidence to support any one of the
previous theories. The study did, however, indicate that the
mineralizing solutions traveled in a manner characteristic

of ground water movement,
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APPENDIX

Stratigraphy of the Hoskinnini Mesa Area

Four sedimentary units crop out in the Hoskinnini Mesa
area. They are the Organ Rock tongue and the De Chelly sand-
stone member of the Cutler formation (Permian), the Moenkopi
formation fLower and Middle Triassic), and the Shinarump con-
glomerate (Upper Triassic). The following descriptions of

these units are taken in part from Baker (1936).

Organ Rock Tongue

The Organ Rock tongue of the Cutler formation consists
of reddish-brown mudstones and siltstones with & few lenses
of red sandstone and gray limestone. It forms moderately
steep slopes at the base of Hoskinnini HMesa.

The upper contact of the Organ Rock tongue 1s generally
planar with irregularities in a few localities. The contact
zone 1is bleached light gray with alteration extending down-
ward along joints and laterally along bedding planes. The

Organ Rock tongue 1s 540 feet thick near Hoskinnini Mesa.

De Chelly'Sandstone Member

The De Chelly sandstone member of the Cutler formation
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consists of cross~bedded, gray to tan, medium~ to fine-grained,
subrounded to subangular, poorly cemented, quartz sandstone.
The surface color of the formation is often reddish-brown due
to ﬁash from the overlying Moenkopi formation. The large-scale
cross-bedding is typical of eolian deposits.

The De Chelly sandstone thins to the northwest and wedges
out on the north side of the San Juan River. It has a thick-
ness of 310 feet at Hoskinnini Mesa. The formation is not
particularly resistant to erosion but forms cliffs with the

protection of overlying sediments.

Moenkopl Formation

The Moenkopi formatlon consists of reddish-brown, ripple-
marked mudstones and siltstones with a few beds of reddish-
brown sandstone and gray limestone. The formation contains
gypsum in thin lenses and crosscutting secondafy veins. Mud
cracks and rain pits are common.

The Moenkopi formation is a prominent slope-former below
the Shinarump cap on Hoskinninl Mesa. It ranges from five
feet to over 250 feet in thickness on Hoskinnini Mesa due to
the extreme irregularity of the erosional contact with the
overlying Shinarump conglomerate. In general, the formation
decreases in thickness to the east. The upper contact is
bleached with alteration extending along joints and bedding

planes.
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The basal portion of the Moenkopl formation (Lower and
Middle Triassic) has been included, by Bakef (1936), within
the Cutler formation (Permian) as the Hoskinnini tongue.
Differences in lithology and color, as seen by Baker, were
used as Qriteria ih making this change, whereas no faunal
evidence has been reported to substantiate it. The writer
was-unable to find this "sharp lithologic boundary where .
both constituents and color.change“ on Hoskinnini Mesa, the
typé area of the unit. Similar difficulties have been re=-

ported by other workers (Bradish, 1952).

Shinarump Conglomerate

The Shinarump conglomerate consists of lensing deposits
of gray, cross-bedded, medium- to coarse-grained sandstone
with a nuﬁber of conglomerate and mudstone lenses. The for-
mation is resistant to erosion, cliff-forming, and caps many
of the mesas and buttes in the Monument Valley area includ-
ing Hoskinnini Mesa. The Shinarump conglomerate has a maxi-
mum thickness of about 300 feet on Hoskimnini Mesa and averages
about 100 feet in thickness,

The upper cohtact of the Shinarump conglomerate, with
the Chinle formation (Upper Triassic), is gradational both
laterally and vertically. The Chinle formation, composed
of claystone and siltstone, is easily eroded and does not

occur on Hoskimnini Mesa.
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Description of Measured Sections

SECTION ON NORTHWEST SIDE OF HOSKINNINI MESA

Feet
TRIASSIC:

SHINARUMP CONGLOMERATE:
9. Sandstone: 1light gray to light tan, medium- to
very coarse-grained, lensing, cross-bedded,
scattered quartzite pebbles, cliff-forming . . . « « &

CONTACT
Erosional surface, undulating, maxlmum relief 3 feet.

MOENKOPI FORMATION: .
8. Claystone; reddish-brown, beds up to 3 or 4 inches
thick, generally shaly, alteration zone at top of
unit is 18 inches thick with colors changed to
shades of yellow and green, slope-forming . .« o 73
7. Siltstone: reddish-brown, beds up to 4 feet thick
several 2-inch to 6-inch shaly siltstone interbeds,
abundant ripple marks, some cross-bedding, cliff-
. foming ® ® * . L ] L4 L * * L L4 * . L d L ] . [ L * L ] . 13
6. Claystone: reddish-brown, bedding varies from 1 foot
thick to shaly, lensing of beds in upper portion
common, ripple marks abundant, scattered thin zones
of bleaching parallel to bedding near top of unit,
slope- and ledge~forming . « o o
5. Siltstone: reddish-brown, beds up to 8 feet thick
scattered thin lenses of shaly claystone, ripple
marks abundant, cliff-forming . . . . . e+ o o 00
4. Claystone: reddlsh-brown, generally shaly, several '
S-inch sandstone lenses just above middle of unit,
bleaching along bedding planes, ripple marks
: comon’ Slope—forming . e o o s o o . e e 41
5. Siltstone: reddish-brown, beds up to 5 feet thick
scattered sand grains, 3-foot gnarly bed- at base
of unit, scattered irregular bleached spots up to
3 inches in diameter common, slope-forming . . . . . 10
2. Claystone: reddish-brown, bedding from 1 inch to
several feet thick, cross-stratification and ripple
marks abundant, scattered mud cracks, irregular
bleached zones up to 3 inches in diameter common,
Slope-forming . . . . . . . ] ) . . * . . . » . . 4 36

Total Moenkopi 243

. o 40

CONTACT:

Very sharp and flat, light-colored formation below stained
by water from above.
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PERMIAN feet

DE CHELLY SANDSTONE:

1. Sandstone: light tan, very fine- to fine-grained,
large-scale type cross-stratification with general
southerly dip direction, poorly cemented, several
nearly vertical sand dikes up to 3 inches thick, .
quartz grains subrounded to subangular, cliff-
rorming * < L L ] [ (] L] L ] L d - ® L * L * * * [ ] . L] L *® o

SECTION FIVE MILES SOUTHEAST OF HOSKINNINI MESA

TRIASSIC:

SHINARUMP CONGLOMERATE:
9. Conglomerate: gray, pebbles up to 1 inch in diameter,
medium- to coarse-grained sand matrix, abundant ,
fossil WOOd, Cliff-forming ¢ o e o6 o & & o e o o0 o o o

CONTACT:

Undulating erosional contact with maximum relief of
1 foot.

MOENKOPI FORMATION:

8., Claystone: reddish-brown, shaly, abundant thin

selenite seams near middle of unit, 2-foot yellow

and green alteration zone, slope- to ledge-forming .160
7. Claystone: reddish-brown, shaly with a few 2~ to

4-inch beds, ripple marks abundant, small selenite

crystals common, ledge-forming o « o « o o « « o o o O
6. Claystone: reddish-brown, shaly, slope-forming . . . 54
5. Sandstone: buff to reddish-brown, prominently

cross-bedded, ripple marks abundant, 2-inch beds

of selenite in upper portion, cliff-forming . . . . 6
4, Claystone: reddish-brown, shaly, l-foot silt-

stone bed near base, ledge~forming . « « « « ¢ « « o 19
S¢ Siltstone: reddish-brown, ripple marks common,

2-inch crust of rose quartz occurs near the top

of the unit, upper portion of unit weathers

nodularly, cliff-forming . « « « ¢ ¢ ¢ ¢ ¢ « o« « « « 8
2., Claystone: reddish-~brown, shaly becoming some-

what massive toward upper contact, ripple marks

common, occasional small irregular bleached spots,

Slope-forming * & ® o o 8 o o * o o 25

Total Moenkopil 255

CONTACT:
Flat surface, sharp in color and lithology.
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PERMIAN: | | feet

DE CHELLY SANDSTONE:

1, Sandstone: 1light tan, very fine- to fine-grained,
subrounded to subangular grains, cross-bedded,

poorly cemented, cliff-forming « « ¢« o« o &

SECTION TWO MILES SOQUTHWEST OF OLJETO TRADING POST
TRIASSIC:

SHINARUMP CONGLOMERATE:
10. Conglomerate: gray, massive, pebbles up to 2
inches in diameter, silicified wood abundant,
mud pellets common, cliff-forming . o« o ¢ o ¢ o ¢ o
CONTACT:

undulating erosional contact with maximum relief of
5 feet.

MOENKOPI FORMATION:

9. Claystone: reddish-brown, shaly, several 2- to
4-inch light-gray siltstone lenses, ripple marks
common, yellowish and greenish alteration zone
up to 2 feet thick, slope-forming . . + 100

8, Siltstone: reddish-brown, beds up to 4 feet thick,
several thin shaly claystone interbeds, cross-
bedding common, cliff-forming o o & .

7. Claystone: reddish-brown, generally shaly with
a few nodular-weathering massive beds, cusp and
linear ripple marks abundant, pseudo-bedding
common, several l-foot siltstone ledges, slope-
formingeoaouonoo-oo-,oooo.oc40

6. Slltstone: reddish-brown, alternately shaly and
massive, scattered ripple marks, beds undulate
SIightly, c:l.iff-forming e o ® o ° o o & o° e o

5. Claystone: reddish-brown, generally shaly with

- some massive, 2 cross-bedded siltstone ledges,
ripple marks common, bleaching along bedding
planes in upper part of unit, slope-forming . . . 35

4, Sandstone: 1light-gray; fine-grained; thin-
bedded; beds undulate; several thin, reddish-
brown, shaly mudstone interbeds; top of unit is

a l-inch bed of crystalline calcite and quartz;
cliff-for‘ming.'.................. 16

3. Claystone: reddish-brown, somewhat sandy toward
base of unit, massive, scattered irregular
bleached spots, slope-forming . ¢« ¢ « ¢ o o « o o 41

Total Moenkopi 269

« o« 20

o o 17
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' feet
CONTACT: :

Contact appears planar, evidence of reworking of several
inches of De Chelly sand and mixing with Moenkopi muds.

PERMIAN:

DE CHELLY SANDSTONE:

2. Sandstone: 1light reddish—brown, medium- to very

. fine-grained sand, subrounded to subangular grains,
large-scale cross-stratification, unit is cut by
several fairly continuous horizontal planes,
scattered slump marks occur on bedding planes,
cliff-forming with a few SloPes . « ¢« o o » « « « o 240

CONTACT: ’ .
Contact appears planar over considerable distances ‘but
has small-scale undulations on close exemination.

ORGAN ROCK TONGUE‘

l, Siltstone: 1light reddish—brown, shaly, 1-foot
light-gray-bleached zone with alteration extending
along bedding planes and joints, slope-forming

L L 4 ] L
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Plate II

The Shinarump conglomerate caps most of the mesas and buttes
in the Monument Valley area,

Plate III

Undrained basins on the upper surface of the Shinarump
conglomerate. Note cross-strata in left center of photo,.
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Plate IV

Bleached zone in upper Moenkopi formation (Trm) at undulating
Shinarump contact (Trs). Alteration extends along joints
' and bedding planes.

Plate V

Channel cut into the lMoenkopi formation (Trm) and filled
with Shinarump sediment (Trs) on Hoskinnini Mesa., Mud-
pellet conglomerate lens occurs along the left (east)
margin of the channel in left center of photo.
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Plate VI

Shi sandstone (Pdec) and filled with

narump sediment (Trs) seen in vertical section at Canyon de

Chelly. Note the vertical walls and overhang in the pre-
Shinarump channel.

Channel cut into the De Chelly

Plate VII

Trash pocket in the channel-fill sediments of the Shinarump
conglomerate. Trash pocket extends from upper right-hand
corner to left center of photo.
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Plate VIII

Planar cross-strata in upper zone of the Shinarump
conglomerate on Hoskinnini Mesa.

Plate IX

Trough cross-strata in lower zone of the Shinarump conglomer-
ate on Hoskinnini Mesa. Pick handle approximately parallels
direction of current during deposition.
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Plate X

I?On~8tainad sand concretions weathering out of a sand lens
in the Shinarump conglomerate.

Plate XI

Unconsolidated rock deformation in a cross-stratified sand lens
in the Shinarump conglomerate. The exposed rock face is vertical.
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" plate XII

Mud-pellet conglomerate in Shinarump chennel-fill sediment on
Hoskinnini Mesa. MNud pellets weather out leaving disc-shaped
or irregular cavities.

Plate XIII

Igneous dike intruding the De Chelly, Moenkopi, and Shinarump

formations near Oljeto Mesa. The strike direction of the dike

is toward Agathla, & prominent volcanic spire to the south,
seen in the distance. |
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