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NATURE AND ORIGIN OF THE HOENKOPI-SHINARUMP HIATUS 
IN MONUMENT VALLEY, ARIZONA AND UTAH

"" y *Irving B? Gray

ABSTRACT

The Triassic age Moenkopi Formation, prior to recent erosion, 
was less than 20 feet to about 450 feet thick in the Monument Valley 
region of southeastern Utah and northeastern Arizona. The top of this 
formation is a Triassic age surface of erosion; coarse-grained Shinarump 
deposits rest upon this surface across the beveled strata of the Moenkopi 
in much of this region. Each of four members which constitute the 
Moenkopi Formation in Monument Valley thins in a southeast direction, 
indicating that formational thinning in that direction may have been, in 
part at least, a feature of deposition.

The surface of erosion is believed to have been formed prior to, 
and during, deposition of the Shinarump and certain other Lower Chinle 
deposits. The final form of the surface in Monument Valley probably re
sulted from Shinarump age modification of a pre-Shinarump valley system, 
and by later Shinarump age pedimentation which produced a broad erosion 
surface of low relief across the low Moenkopi hills and older Shinarump 
valley-fill deposits.
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It is believed that the streams which deposited the latest 
Moenkopi were incised into the Moenkopi Formation daring a regional up
lift which brought Moenkopi deposition to a close. These streams may 
have continued to erode the pre-Moenkopi outcrops of their headwater areas 
and to transport this material through their valleys much as they had done 
during Moenkopi time. After a period of time the downcutting must have 
ended and the coarsest sediments in transit came to rest in the valley 
bottoms as earliest Shinarump. Valley widening followed as the streams 
aggraded their valleys during Shinarump time. The valleys were progres
sively opened upward during aggradation until the streams and their de
posits coalesced across the interfluve areas and formed the Shinarump 
blanket deposit.

The streams which deposited the Shinarump as valley fills were 
probably slowly aggrading streams near grade; i.e., a slight but gradual 
steepening of the longitudinal profile of the streams was required (and 
satisfied by aggradation) to enable them to handle their loads. As they 
filled their valleys they progressively approached, and then finally at
tained graded conditions, when they achieved the vertical position at 
which the blanket-shaped Shinarump stratum was formed.

The Shinarump blanket deposit was emplaced upon the older 
Shinarump valley fills and adjacent beveled Moenkopi strata by streams at 
grade; i.e., by streams whose gradients were such that they provided just 
the velocity required to transport all of the supplied load. The surface 
upon which this blanket rests is a pediment surface. The Shinarump valley
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fills and pediment mantle were deposited pari passu with the development 
of the erosion surface in those areas where Shinarump was deposited.
Thus, the long lapse of time between the Moenkopi and Shinarump is repre
sented by both the unconformity and the gravel sheet.
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INTRODUCTION

Purpose, Approach, and Field Methods

A study was made,of the Triassic age erosion surface at the top 
of the Moenkopi Formation in the Monument Valley region of Arizona and 
Utah (fig. 1). It was sponsored by the United States Atomic Energy 
Commission because of an apparent spatial relationship of certain paleo- 
topographic features of that surface to important uranium deposits.

The purpose of the study was to learn more about the nature of the 
surface by reconstructing the shape of the erosion surface in greater de
tail than had heretofore been done, and by recounting, if possible, the 
manner in which the surface was formed. Field studies were made by the 
writer from July 1954 to January 1958 while employed originally as a 
Project Geologist and later as an Area Geologist by the United States Atomic 
Energy Commission.

The nature and origin of the Moenkopi-Shinarump hiatus is the 
principal concern of this paper; however, some attention is given the 
gross and internal features of the Moenkopi and Shinarump strata. Iso- 
pach studies were made of the Moenkopi Formation, and sedimentary trends 
within the Shinarump Member of the Chinle Formation were determined.
These studies give a picture of the sedimentary processes which were active 
prior to and following the development of the surface. The development 
of the surface, as proposed later in this paper, is depicted as a portion
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3
of a continuing geologic process active from latest Moenkopi time through 
the time of deposition of the Shinarump. - , : r ; 7 : ̂  •

A solution to the general problem of determining the sequence of 
geologic events from the time of Moenkopi deposition through Shinarump 
(Chinle) deposition required (1) reconstructing the shape of the ancient 
erosion surface, (2) introducing a logical and probable geologic process 
for development of the surface, and (3) relating the Shinarump mantle to 
the surface in terras of depositional mode.

Discussions in the literature on the nature of the Moenkopi- 
Shinarump hiatus have been based on concepts gained by general, qualita
tive observations of the contact, with some detailed quantitative observa
tions having been made in small, areas only. In order to reach valid 
conclusions as to the value of,various hypotheses that have been advanced, 
it seemed important to use all. quantitative data that could be obtained to 
reconstruct an accurate, detailed map of the surface over a large area.
The maps accompanying this report are based on enough precisely determined 
control points to give the most accurate representation of the erosion 
surface that has ever been available for examining the problem.

The shape of the erosion surface was determined by constructing 
an isopach map of the Moenkopi Formation (pi. 1). This map portrays the 
magnitude of Moenkopi thinning and the location and form of paleo-relief 
features of the surface. The shape of the surface, and the sedimentary 
aspects of the bounding strata, suggest a manner of surface development 
and Shinarump deposition.; It.is proposed that the streams which deposited 
Moenkopi sediments later cut valleys into the Moenkopi Formation and
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deposited the Shinarump.

Measurements of thickness of the Moenkopi were made at 277 local
ities in the field by hand level and rod (fig. 2). Sections were meas
ured throughout the region— in Shinarump pinchout areas, in channel 
localities, and on "Moenkopi hills". In most of these measured sections 
the Moenkopi Formation was divided into one to four field members; each 
constitutes a mappable lithologic unit across most of the region. The 
data are assembled in table 1.

Geography

The area covered by this report is approximately 65 miles west of 
the Four Corners area, on the Navajo Indian Reservation. It includes 
southern San Juan County, Utah, and northern Navajo and Apache Counties, 
Arizona (fig. 1). The area is that portion of the Monument Upwarp south 
of an arcuate line trending southeasterly from Monitor Butte on the San 
Juan River to the Goulding Trading Post area and thence northeasterly to 
the intersection of the San Juan River with Comb Ridge. It is bounded 
on the east and southeast by Comb Ridge and on the southwest and west by 
Skeleton and Piute Mesas. Monument Valley itself is a small area of 
spectacular mesas, buttes, and volcanic spires along the Utah-Arizona 
state line between Goulding*s Trading Post on the west and Comb Ridge on 
the east.

The region is an arid, dissected upland of the Colorado Plateau 
with elevations between 3,500 and 8,000 feet above Mean Sea Level, In
termittent streams drain northward into the west-flowing San Juan River,



Figure 2.— Locations of measured sections.



6
the only perennial stream in the region. Rapid water run-off, severe 
winds, and the extreme heat of summer produce a stark and inhospitable 
environment in which semi-nomadic Navajo Indians depend largely upon graz
ing for a livelihood.

Paved highways leading southwest from Mexican Hat, Utah, north
east from Cameron and Kayenta, Arizona, and west from Shiprock, New 
Mexico, provide access. There are a few short unpaved landing strips in 
the area that accomodate light planes.

Geology

Sedimentary rocks exposed in the Monument Valley region are 
Permian, Triassic, and Jurassic in age. They are almost exclusively ter
restrial in origin, and consist largely of either fine-grained, red 
fluviatile, or light-colored aeolian deposits (table 2). The fluviatile 
Shinarump beds are exceptional in that they are light-colored and coarse
grained.

The sedimentary sequence is deformed into a broad, open, south- 
plunging, asymmetrical anticline with a sinuous north-south trending axis 
and a steep east limb. Differential erosion of the strata on this struc
ture has formed many long, near-vertical, north-south trending escarpments. 
Mesas in the axial area of the anticline are generally capped by Shinarump, 
and those along its flanks are capped by the Glen Canyon Group of strata.

Basic igneous dikes and plugs crop out in the eastern part of 
Monument Valley. The greatest concentration of these intrusions is in 
the vicinity of tne Comb Monocline. Dikes commonly cross this structure



Table 2.— Sedimentary Rocks Exposed in Monument Valley

Age Stratigraphic Unit Thickness(feet) Lithologic CharacteristicsGroup Formation Member

Jurassic UntH}]nfttvmi t v  ............... ...... . .....  _.......

GlenCanyonGroup

NavajoSandstone 665. Pink and buff edlian crossbedded sandstone.
JurassicC?) Kayenta Fa. 150-200 Reddish-brown sandstone.
Triassic WingateSandstone 350 Reddish-brown massive eolian crossbedded sandstone.Chinle Fa. UpperMembers 1.000 Lower part, variegated mudstone and siltstone; upper part, reddish-brown siltstone and sandstone.ShinarumpMember 0-378 Light-gray fluviatile crossbedded conglomeratic quartz sandstone.* w _    _..  .. . . . . . . . . . . . .  ....

Moenkopi Fra. UpperMudstoneMember
0-205° Reddish-brown even-bedded mudstone weathering to gentle slopes.

MiddleSandstoneMember
0-139 Two brown silty-sandstone layers separated by layer of red silty mudstone.

LowerSiltstoneMember
0-88 Red mudstone with one to two feet of brown crossbedded sandstone at or near base.

Permian HoskinniniMember 0-90 Reddish-brown parallel-bedded siltstone with some interbedded lenses of sandstone.
Cutler Fa. De Chelly Sandstone Member

Uncoi350-450 Buff eolian crossbedded quartz sandstone weathering to vertical cliffs.
Organ Rock Tongue 650-750 Reddish-brown siltstone locally interbedded with red to gray sandstone.Cedar Mesa Sandstone Member

500 Reddish-orange crossbedded sandstone with thin beds of gray limestone.
HalgaitoTongue 380 Red siltstone and silty shale with thin beds of nodular-weathering gray limestone.
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and continue for many miles on both sides. The intrusions are believed to 
be Pliocene in age (Williams, 1936). •■v?

Previous Investigations

In early classic reports on geology of large areas of western 
United States, Powell, Gilbert, Barton, Walcott, and others mention a 
widespread conglomerate on the Colorado Plateau which contains fossil wood. 
That conglomerate includes what is now called Shinarump. The first de
tailed paper on the Shinarump was published by Gregory (1913). Baker 
(1936) mapped the Shinarump in the Utah portion of Monument Valley, and 
the United States Geological Survey later mapped the Shinarump in the 
Arizona portion of Monument Valley, The United States Geological Survey 
and the United States Atomic Energy Commission have made several detailed 
surface and subsurface studies of the Shinarump in Monument Valley since 
1951. Numerous articles concerning these surveys have been published or 
are in preparation, but only a few of than are cited in this report.
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THE BOUNDING STRATA 

Moenkopi Formation

The Moenkopi Formation is of Early and Middle(?) Triassic age 
(McKee, 1954). In the Monument Valley region it conformably overlies 
the Upper Permian Organ Rock Tongue of the Cutler Formation in some areas, 
and it lies disconformably upon the De Chelly Sandstone Member of the 
Cutler Formation in other areas. Farther south and west, in the Grand 
Canyon region, it rests disconformably upon the Kaibab Limestone of 
Leonard (?) age. Deep burial of the strata at this stratigraphic level 
between these two regions precludes outcrop observation.

It appears that only a few hundred feet of the upper part of the 
Moenkopi Formation is present in Monument Valley. The Monument Valley 
section consists of continental deposits and seems to form the wedge edge 
of an easterly thinning series of continental and marine sediments which 
attain a maximum thickness of 2,000 to 3,000 feet in western Utah and 
southern Nevada. Cross-stratification attitudes within the Moenkopi 
Formation of Monument Valley indicate a general northwest direction of 
transport for at least some of the Moenkopi sediments.

Although the Moenkopi Formation in northwestern Arizona and the 
Little Colorado River Valley has been split into members, the Moenkopi of 
Monument Valley has not been so divided. Until recently the Hoskinnini 
Member of the Moenkopi Formation in Monument Valley was designated the

10
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Hoskinnlni Tongue of the Permian Cutler Formation. The writer has sepa
rated the Moenkopi of Monument Valley into three field members, in addition 
to the Hoskinnini Member. These field members are rather distinct on out
crop and form mappable stratigraphic units across most of the region.

The lowest of the three undesignated field members, hereinafter 
called the Lower Siltstone Member, is a slope-forming siltstone-mudstone 
unit with one or two feet of cross-stratified sandstone at or near its 
base. The middle field member, hereinafter called the Middle Sandstone 
Member, where well developed consists of two ledge-forming sandstone or 
silty sandstone layers separated by a band of slope-forming silty mudstone. 
The upper field member, hereinafter called the Upper Mudstone Member, is 
a slope-forming mudstone unit. A photograph and section sketch of these 
four members are shown in plate 2.

The Hoskinnini Member lies disconformably on the De Chelly Sand
stone Member of the Cutler Formation where the De Chelly is present. Where 
the De Chelly is absent, the Hoskinnini forms a conformable sequence with 
the underlying Organ Rock Tongue of the Cutler Formation. The Hoskinnini 
thickens from about 20 feet along southern Comb Ridge to about 90 feet in 
the northwestern part of the region (fig. 3), and is made up of three 
distinct lithologic units.

The Lower Siltstone Member increases in thickness from less than 
20 feet in the southeast to about 60 feet in the northwest part of the 
region (fig. 4). The Middle Sandstone Member increases in thickness from 
less than 40 feet in the southeast to about 120 feet in the northwest 
(fig. 5). The Upper Mudstone Member is generally absent along Comb Ridge
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^^cr-Upper Mudstone Mbr«
— Middle Sandstone Mbr.
-- - ^krrLower Siltstone Mbr

— ^^Hoskinnini Mbr.
Moenkopi Fm

De Chelly 
Sandstone 
Member 
of Cutler 
Formation

Plate 2.— Typical mesa exposure in central part of Monument Valley.
The accompanying section sketch locates most of the strata 
pertinent to this report. The two prominent ledges in the 
middle of the Moenkopi Formation are part of the Middle 
Sandstone Member of the Moenkopi Formation.



Figure 3.— Isopach map of the Hoskinnini Member of the Moenkopi Formation,
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Figure 5*— Isopach map of the Middle Sandstone Member of the Moenkopi Formation.
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Figure 6,--Isopach map of the Upper Mudstone Member of the Moenkopi Formation
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in the southeast part of the region but increases in thickness to the west 
and northwest where it is greater than 200 feet in some localities (fig. 6).

Shinarump Member of the Chinle Formation

The Shinarump Member of the Chinle Formation formed as an al
luvial accumulation in Late Triassic time. It is blanket-shaped, composed 
predominantly of cemented coarse sand and gravel, and contains much pet
rified wood. The Shinarump extends from southern Nevada into southwestern 
Colorado, and from near Snowflake and Flagstaff, Arizona, into southern 
Utah. Within this region, broad areas of Shinarump deposits are removed 
by erosion or are deeply buried.

Although the Shinarump Member is relatively thin, it probably had 
a long and complex history of deposition. Distant source areas, a compo
sition of only the most durable materials, and evidence of extensive stream 
sculpturing suggest complex stream activity. Petrified wood, present as 
rounded pebbles in conglomerate lenses, may have originated as trees 
along Shinarump streams. Their burial, silicification, exhuming, and 
rounding into pebbles would represent considerable time. Penecontempo- 
raneous deformation (pi. 3) indicates that Shinarump age reworking of 
Shinarump deposits occurred after intervals of time sufficient for con
solidation and/or lithification of earlier Shinarump deposits.

The deposits which comprise the Shinarump are not laterally con
tinuous everywhere within the general region of Shinarump deposition.
They may consist of various lobes having separate source areas. These 
lobes may be separated by relatively broad areas of Shinarump



-Two examples of penecontemporaneous deformation within the 
Shinarump Member of the Chinle Formation in Monument Valley 
Arizona and Utah.
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non-deposition in source area directions, but may coalesce in paleo- 
downslope directions. Two such lobes have been described (Johnson and 
Thordarson, 1959), and others probably exist. In addition to such large 
scale pinchouts, there are localities of Shinarump non-deposition within 
the depositional areas of lobes.

The Shinarump Member in Monument Valley appears to be a north- 
west trending lobe of Shinarump sediments. A large scale pinchout 
through non-deposition occurs in the northeast part of Monument Valley, 
and another may be present in the extreme southwest corner of the region. 
Shinarump cross-stratification attitudes and channel trends (pi. 4) indi
cate that the direction of sediment transport was towards the northwest.

The Shinarump of Monument Valley is 50 to 100 feet thick in most 
places, but it is almost 400 feet thick at a locality near the north- 
western corner of Hoskinnini Mesa. It has an average composition of a 
conglomeratic sandstone, and is largely composed of quartz sand and peb-

-v ' •• ' ' - , . '' ' . / /  " f  i. - ; ;'"

bles of quartz, quartzite, and chert. It is cross-stratified and lentic- 
ular, and grades from conglomerate to sandstone rather abruptly. There 
is more conglomerate in the lower part of the Shinarump, but leases of ^ 
conglomerate are scattered throughout its vertical extent. Angular to 
sub-rounded mud pellets are present in some places near the base of the 
Shinarump, and bedded clay occurs as lenses from a few feet to 100 feet 
or more in diameter and up to 10 feet in thickness.



HIE NATURE OF THE EROSION SURFACE

General Description .

An erosion surface of Triassic age at the top of the Moenkopi 
Formation is exposed in most places in Monument Valley. It is overlain 
by the cliff-forming Shinarurap Member of the Chinle Formation in much of 
the region, and by younger Chinle deposits where the Shinarump was not 
deposited. The surface is not a Moenkopi erosion surface; it was not 
developed in Moenkopi time and it was not developed on the Moenkopi 
formation entirely.

The surface cuts across various rock types, transecting Moenkopi
' S'M, ' ■ ' ■ ' .strata of lithologic aspects ranging from weakly consolidated claystone 
to strongly cemented conglomerate. In the western part of the region it
is generally underlain by the fine-grained sediments of the Upper Mudstone
' ■ 1 ' ■' ; ... .-Member of the Moenkopi, and in an eastward direction it is on coarser-
grained material of the Middle Sandstone, Lower Siltstone, and Hoskinnini 
Members of the Moenkopi. At one locality along Comb Ridge it cuts several 
feet into the aeolian De Chelly Sandstone Member of the Cutler Formation 
which is subjacent to the Hoskinnini Member in this area.

The maximum local relief on the erosion surface in Monument 
Valley is about 280 feet. Stratigraphically the surface descends from a 
high along the western edge of the Monument Valley region of some 200 
feet above the base of the Upper Mudstone Member to a general level within

20
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50 feet of the base of the Moenkopi Formation along Comb Ridge south of 
the Arizona-Utah line. Southeast beyond this area on Comb Ridge the sur
face is deeply buried for some 60 miles, but is exposed again on the 
Defiance Uplift. In the Canyon De Chelly area of the Defiance Uplift 
(fig. 1) the Moenkopi Formation remains only as scattered remnants and 
the erosion surface is developed largely upon the De Chelly Sandstone 
Member of the Cutler Formation.

The wedge shape of the Moenkopi Formation in Monument Valley may 
be only partially caused by erosion which produced the surface, even 
though the surface bevels the members of the formation. Isopach maps of 
the Moenkopi members show that each thins in a southeast direction (figs. 3, 
4, 5, and 6) but the Upper Mudstone Member is the only member that has been 
appreciably thinned by post-Moenkopi Triassic erosion. Obviously then 
the erosion which produced the surface did not produce all of the forma
tions! thinning. Much of the wedge shape of the formation must be at
tributed to unequal rates of subsidence in different parts of the basin 
of deposition during Moenkopi time.

Detailed Description

A relief map of the surface was produced by constructing an iso
pach map of the Moenkopi Formation from data gained by measuring the 
Moenkopi thickness at several hundred different places (as shown in 
figure 2 and tabulated in table 1). In addition to the thickness measure
ments, the known results of several thousand uranium exploration drill 
holes which penetrated the surface aided in interpreting the shape of the
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surface beyond outcrop. The map constructed from these data shows the re
lief of the surface (pi. 1), but does not reveal the slope of the surface 
nor the gradients of the streams which once may have been present upon 
that slope.

The relief map shows that the surface has a strong northwest- 
southeast "grain", and an overall organized pattern of linear topographic 
features. In the central and southeast part of the region are many val
leys and canyon-like structures separated by Moenkopi hills or ridges. 
These features give way in a northwest direction to a subdued swale-and- 
rise-type topography. In the eastern half of the region the erosion sur
face has only slight relief, mostly in areas where canyon-like structures 
are incised below the general level of the surface.

The elongate depressions of the surface are commonly referred to 
as "channels" in the pertinent literature. A given channel contains 
stream-deposited sediments with cross-stratification showing that the 
flow direction of the stream which deposited the sediments coincides with 
the direction of elongation of the channel. The shape of the surface 
would seem to be, then, a product of stream erosion, and the organized 
pattern of linear topographic features probably was caused by a system of 
streams which at one time was active upon that surface.

Channels range in size from almost a mile wide and over 200 feet 
deep (fig. 7) through those on the order of 1,000 feet wide and 100 feet 
deep (figs. 8 and 9), to more or less insignificant scours a few tens of 
feet wide and less than 10 feet deep. Many other distinct channels in 
this region are much smaller than those shown in detail in these figures.
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Figure 7.— Channel segment in upper Nokai Wash
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Figure 8.— Channel segment on Hoskinnini Mesa.
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Figure 9.— Channel segment near Comb Ridge (after Witkind, 1956)
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Channels are generally steep-sided in their bottom portions, but these 
sides become decreasingly steep in an upward direction. Field measure
ments show the sides of channels to be shallowly concave upward for long 
distances beyond what appears to be the lateral limits of the channel as 
seen in the field.

Close inspection at the contact of the Moenkopi and Shinarump shows 
no material that resembles a weathered mantle or soil zone, and no other 
deposits that do not clearly belong to either the Moenkopi or Shinarump.
The Shinarump was deposited upon a surface that was swept clean, presum
ably by the streams which brought in the Shinarump. A one to fifteen 
feet thick band of light-colored Moenkopi immediately underlies the contact 
across most of the region. It follows the erosion surface regardless of 
lithology and relief, and is believed to owe its light color to a chemical 
alteration of iron minerals in the light-colored zone after the Shinarump 
was deposited.

The overall pattern of relief, the evidence of surface sculpturing 
by streams that transported and deposited the Shinarump, and the absence 
of residual weathered Moenkopi material subjacent to the Moenkopi- 
Shinarump contact suggest that the final shape of the surface was pro
duced by vigorous stream action.

' A.-' " . ' . . - -



THE ORIGIN OF THE EROSION SURFACE 

General

This chapter concerns the probable origin of the surface. Since 
the origin of the surface and deposition of the Shinarump are largely in
separable parts of an integral process, according to the hypothesis pre
sented here, they are not entirely separated in the discussion. An at-
1 ' " ' v ' ; . ' #tempt has been made, however, to arrange the happenings in an orderly
sequence of geologic events that start at the time of latest Moenkopi 
deposition and continue through the development of the surface and the 
deposition of the Shinarump Member of the Chinle Formation.

Historical Background

The literature contains little agreement on the nature and origin 
of the Moenkopi-Shinarump contact. Ward (1901, p. 406) believes this 
contact to be gradational, and Barton (1925, p. 119) found "no evidence 
of any notable unconformity or time break" between the Moenkopi and 
Shinarump deposits. Gregory and Moore (1931, p. 52) and Camp, Colbert, 
McKee, and Welles (1947, p. 3) imply a time break between the develop
ment of the erosion surface and the deposition of the Shinarump, but 
Witkind (1956, p, 117) suggests that the major channel scour occurred 
during deposition of the Shinarump and not in any period of erosion prior 
to the deposition. Stokes (1950, p. 97), in a discussion of the

27
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Shinarurap and rocks with similar lithology, says "it is illogical to as
sign the unconformity to one period and the gravel sheet to a much later 
period."

There is no agreement concerning the emplacement process of the 
Shinarump. A few stratigraphers, especially those connected with earlier 
surveys, believed the Shinarurap in one place or another to be marine. 
McKee, Evensen, and Grundy (1953, p. 44) consider the Shinarump to have 
originated as a regressive sand, and Camp, Colbert, McKee, and Welles 
(1947, p. 3) say " . . . the Shinarump . . . shows evidence in (its) 
lithology and sedimentary history of development on a great, low-lying 
flood plain traversed by sluggish streams subject to periodic floods, and 
interspersed with many tracts of swampy terrain." Witkind (1956, p. 117) 
and Evensen (1958, p. 97) envision a thin blanket of stream-transported 
sands and gravel spreading northward from a raised area to the south. 
Stokes (1950, p. 95-97) suggests that rock units such as the Shinarurap 
may be formed by the same processes of pediraentation that are operating 
in arid or serai-arid regions at present.

The Moenkopi and Shinarump strata in the Monument Valley region 
do not grade into each other, nor are they conformably joined. Locally 
they appear to be separated by a disconformity, but regionally this 
"disconforaity" proves to be an angular unconformity. This contact re
lationship implies a definite time break. There is no obvious evidence 
that the Shinarurap was deposited under marine conditions in this region, 
nor do the overall shape, primary structures, and lithologic aspect of 
the Shinarump strongly suggest its deposition on a "low-lying flood
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plain, traversed by sluggish streams subject to periodic floods." The 
proponents of "stream-transported advancement of a thin blanket of sands 
and gravels spreading northward from a raised area in the south" do not 
suggest any particular conditions of stream transport that would be able 
to spread the thin Shinarurap deposit across such large areas, nor do 
they specifically attempt to relate Shinarurap deposition to the develop
ment of the underlying erosion surface.
; ... Field work by the writer in Monument Valley provided data from 
which.a rather detailed reconstruction of the relief of the ancient 
Moenkopi surface was made possible, A study of the form of this surface, 
and of the coarse fluviatile deposits which covered it, invited an in
terpretation of the manner in which they were formed.

Perusal of the pertinent literature disclosed practically no 
agreement whatsoever about the origin of the erosion surface and the 
Shinarurap. Furthermore, nearly all of the suggested origins are not 
strongly substantiated by field evidence, and many of the suggested 
processes seemed ill-designed to produce the results attributed to them.

A concurrence in the flow direction of Moenkopi and Shinarurap 
streams, as inferred from cross-stratification attitudes, indicates that 
the slope direction during Shinarurap time was essentially the same as it 
had been during Moenkopi time. This concurrence in flow direction, in 
addition to (1) the absence of even small remnants of sedimentary deposits 
unlike either the Shinarurap.or Moenkopi strata at the contact of these 
strata, (2) the absence of a weathered mantle or soil zone at the top of 
the Moenkopi, and (3) the blanket form of the Shinarurap upon the erosion



surface, suggests some continuity of geologic processes operating from 
the time of latest Moenkopi deposition through erosion of the surface and 
the deposition of the Shinarump. .

Consideration of the hypothesis by Stokes (1950) that the erosion 
surface was an ancient pediment and that the Shinarump upon it was de
posited largely during the development of that surface alerted the writer 
to a realization that much of the field evidence supported just such an 
hypothesis. It was eventually concluded that pedimentation had played an 
important role in developing the erosion surface and the blanket form of 
the Shinarump, but that the pedimentation phase must have been preceded by 
valley cutting and partial valley filling. This pre-pediment valley 
stage was introduced to explain the origin of the deep, elongate depres
sions of the erosion surface. Thus it seems to the writer that Stokes* 
concept of pedimentation as applied to the Shinarump, after slight modi
fication, is admirably qualified to explain the development of the erosion 
surface and the mode of deposition and blanket shape of the overlying 
Shinarump Member of the Chinle Formation.

30

Stokes* Ancient Pediment Concept

In a paper titled Pediment Concept Applied to Shinarump and Siai- 
lar Conglomerates published in the Bulletin of the Geological Society of 
America in February 1950, Stokes alleged that no satisfactory and compre- 
hensive analysis of the genesis of the Shinarump and similar types of

V . v : ,  ; . X ,  ;:L;r . i n i :  V.:. ..̂r'L'vb--:basal conglomerates' had as yet been made. He theorized that such 
strata are extensive pediment deposits which originated by processes
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observable in present day arid and serai-arid regions.

Stokes cites published articles on the origin of the Shinarump 
in which the authors conclude that the unconformity at the base of the 
Shinarump was produced during one period of time, and that the deposition 
of the Shinarump occurred as a second, independent episode during a later 
period of time. He notes that other theories imply that, after widespread 
erosion, extensive gravel sheets were laid down with surprising uniformity 
over an exceedingly wide area, presumably by the same fluviatile agents 
that had previously been engaged exclusively in eroding the surface. He 
further notes that no recognizable soil profiles were developed on the 
supposedly long exposed surface, and the sediments immediately beneath 
the conglomerate are usually fresh in appearance. He believes that

"the difficulties involved in this paleo-geographical reconstruction amply justify a reconsideration of the facts and revisions of current theories. Evidences of fluviatile origin are abundant, but the postulated sequence of events is difficult to reconcile with what may be observed of present- day rivers and their deposits."
As a basis for discussion of the Shinarump type of deposits,

Stokes summarizes the chief physical characteristics of such "conglom
erates" as:

(1) They are continental and fluviatile in origin, as indicated 
by their primary structure, their fossils, and their paleo-geographical 
position.

(2) All have clearly marked erosional unconformities at the 
base, but in practically all places they grade into the overlying beds.

(3) All are exceptionally widespread for continental formations 
and are at the same time remarkably thin, averaging about 50 feet in
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thickness.
(4) The age of each is difficult to fix.
(5) A long time lapse must be accounted for by the unconformity, 

or by the unconformity and the overlying conglomerate.
(6) The fossil evidence is weak or non-diagnostic.
(7) The rocks constituting the pebbles are mostly of the most 

durable sort, mainly quartz, chert, and quartzite. The fossils indicate 
that some of these rocks were derived from sedimentary beds and have 
traveled long distances, in some cases hundreds of miles, to their pres
ent locations. Fragments of underlying beds are also present.

Stokes believes that some of the strata having the above physical 
characteristics may have originated during pediment development. He re
views the pediment concept, and defines a pediment as a "smooth, sloping 
surface of erosion which bevels rocks of varied hardness and structure and 
is lightly veneered by debris derived from adjacent high areas undergoing 
erosion." He also says that "although the process of pedimentation is 
admittedly an important factor in shaping present land surfaces, pedi
mentation has not heretofore been regarded as having operated to produce 
surfaces or deposits of ancient sedimentary terrains." He believes that 
a comparison of known pediments and ancient deposits and surfaces believed 
to have been formed by pedimentation is now possible.

The difference between most pediments which are being formed at 
present and most preserved ancient pediments, according to Stokes, is not 
the mode of pediment development nor the nature of their associated 
gravels, but rather the great difference in elevations with respect to
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base level at which present day and ancient pediments formed. He says 
that

"Most recent pediments in North America are relatively small and at relatively high elevations in areas that have been undergoing degradation for long periods of time . . .  and that most modern pediments will be dissipated and destroyed by erosion . . .  that they are temporary episodes in the long process of base leveling and will not become a dominant type of landform until the general surface approaches the level of the ocean."
He continues this comparison with

"In the past, under suitable climatic conditions, pedi
ments were probably initiated and expanded on land areas after long periods of aggradation and at elevations not greatly above base level. Thus the areas covered would be more extensive, and there would be almost perfect parallelism and agreement of structure between the pediment 
cover and the underlying rocks."

Stokes believes that the upper contact of the pediment's gravel 
mantle appears gradational because the upper portion of this loose gravel 
is somewhat reworked during the initial phase of deposition of the over- 
lying sedimentary unit. Due to this apparent gradational contact

" . . .  a buried pediment gravel would be called a basal conglomerate and would be assigned to the same general time interval as the overlying and probably thicker formation into which it apparently grades . . .  although the unconformity and most of the conglomerate are of essentially the same age . . .  and the overlying beds may be much younger 
than their so-called basal facies."

In the summary of his paper, Stokes makes the following state
ments that reveal the intrinsic substances of his concept, and define a 
new approach to interpreting the genesis of the Shinarump type formations 
and their associated surfaces of erosion:

"It is illogical to assign the unconformity to one period and the gravel sheet to a much later period just as it is
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illogical to assume that the cutting of a pediment surface precedes in its entirety the production and dispersal of the gravel sheet which covers it. The lapse in time is represented by both the unconformity and the gravel sheet.”
"If deposits such as the Shinarump are regarded as pediment accumulations it is possible to explain how great continental areas may be eroded with apparent uniformity but without even local sedimentation, or the production of residual deposits and soil profiles, and why very long time intervals are frequently involved in thin conglomerates.”
”The pediment cover is a special type of basal conglomerate if the latter terra is used in a purely descriptive sense without genetic implications.”

Evaluation of Stokes* Concept

The above-quoted reasoning by Stokes is believed to be sound. An 
application of his pediment concept to the Shinarump problem is considered 
to be the correct approach to solving the problem of Shinarump genesis, 
at least for the Monument Valley region. It seems that he has properly 
assessed the conditions of paleo-geography, perceived the proper geologic 
process, and relegated the resulting landforms and deposits to their prop
er time intervals within the pediment development period.

It may well be, as Stokes suggests, that ancient pediments were , 
often very broadi and that they had better chances of being preserved than 
do present day pediments simply because ancient pediments were often de
veloped nearer base level than are most present day pediments. . Most , 
present day pediments in North America are being developed at high eleva
tions relative to sea level. The Triassic age "pediment” at the top of 
the Moenkopi Formation in Monument Valley was very probably developed, 
near sea level. Bedded gypsum in the Moenkopi in the western part of
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Monument Valley suggests a nearshore environment. Marine Mesozoic strata 
younger than the Shinarump are present just outside the Monument Valley 
region. >

The-following six reasons are proffered to explain why the writer 
thinks the surface of erosion and the Shinarump represent paleo- 
pedimentation in the Monument Valley region:

(1) The Shinarump is continental, and fluviatile in origin.
(2) The surface of erosion generally resembles the form of 

present day pediments.
(3) The Shinarump deposits cover the erosion surface much the 

same as do similar deposits on present day pediments.
(4) The Shinarump elastics consist of only very durable materi

als, and were transported great distances across a relatively smooth 
surface of erosion beveling beds of varied hardness.

(5) The surface is everywhere on fresh-appearing Moenkopi; at no 
place does a weathered Moenkopi mantle, soil zone, or other deposits 
separate the Moenkopi from the Shinarump.

(6) A long time lapse must be accounted for by the unconformity, 
or by the unconformity and the overlying Shinarump.

Although most of the erosion surface was produced by pedimenta- 
tion,i the shape of the surface rules out development in its entirety by 
that process. Stokes defines a pediment as a "smooth, sloping surface 
of erosion . . . ", and it must be remembered that this surface has a 
maximum local relief of nearly 300 feet. Obviously, then, the surface 
represents some erosion in addition to that produced during pedimentationl
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Major relief features of the surface are ridges and rounded hills, 

and elongate valleys and canyon-like depressions. The elongate depres
sions may have originated when rivers became incised during a broad up- 
warp which brought Moenkopi deposition to a close. It is thought that 
these incised rivers were those which earlier had deposited the Moenkopi. 
Downcutting by these streams may have continued until a change in stream 
regimen caused them to begin aggrading their channels. As aggradation 
progressed, the streams probably meandered and carved back their canyon 
walls until eventually the widened valleys were largely filled and the

Istreams were able to bevel across the interfluve areas and establish a 
true pediment surface. The erosion surface thus differs from a pediment 
in that part of the surface was developed prior to and below the general 
surface of the pediment.

If the streams that deposited the Moenkopi did cut canyons and 
aggraded their channels as described above, then all that is known for 
certain is (1) that they were Moenkopi streams, (2) that they were in
cised after Moenkopi deposition had ended; and (3) that they became 
Shinarump streams when they began to aggrade their-channels. The fol
lowing portion of this chapter depicts the probable, though hypothetical, 
process by which the Moenkopi streams became the Shinarump streams which 
eventually produced the paleo-pediment at the top of the Moenkopi 
Formation. i !

Moenkopi-Shinarump Ligature

Shinarump and Moenkopi cross-stratification attitudes in Monument
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Valley indicate that the sediments of both strata had-the same general 
direction of transport; this suggests a common source area for the 
Moenkopi and Shinarump sediments.

The youngest Moenkopi beds in the Monument Valley region, though 
largely fine-grained, are nevertheless fluviatile deposits. These sedi
ments were deposited from low-gradient streams, probably meandering 
widely near base level across broad, coalescing alluvial plains. These 
plains sloped shallowly downward to the northwest toward a nearby sea.
The source area of the sediments is believed to have been far to the 
southeast, in possibly the same area from which the future Shinarump 
sediments were to be derived.

At the end of latest Moenkopi time a change in base level began 
to occur. A broad, slow uplift of the land began which ended Moenkopi 
deposition in the region and initiated a gradual withdrawal of the sea. 
The land continued to slope in the same direction, but the angle of slope 
may have been increased. - ; ; : r ; ^

The streams, upon the alluvial plains:began to lower their beds 
gradually and become less vagrant under the impetus of regional uplift 
of the land. Trunk streams which previously had transported and deposit
ed fine-grained Moenkopi; sediments only, now began to cut down into the 
Moenkopi deposits, and meander scars and swamps were drained as a new, 
integrated pattern of drainage was established in areas between major 
streams. This new inter-river drainage system discharged into the down
cutting trunk streams or directly into the sea.
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The drainage system was now a composite of (1) the newly created 

tributary system which drained and eroded the surface of the Moeakepi, 
and (2) the inherited trunk and headwater tributary streams which formerly 
supplied and transported the Moenkopi sediments. The load in transit in 
the trunk streams consisted of sediments derived from the Moenkopi, in 
addition to those derived from outcrops in headwater areas. The head
water outcrops which formerly supplied the sediments to Moenkopi age 
streams for deposition as Moenkopi still continued to supply sediments 
to these same streams, although now the streams must be considered as 
post-Moenkopi streams, for the sediments were transported across the 
Moenkopi outcrops to be deposited as post-Moenkopi sediments in some 
distant basin of deposition.

The carrying power of the streams was augmented by continuing 
uplift and/or increased run-off, and the pace of erosion quickened. It 
can be envisioned that a mingling of the non-Moenkopi and Moenkopi- 
derived sediments occurred in ephemeral channel and flood-plain deposits 
in the lower reaches of the system where valleys were being deepened and 
broadened into the Moenkopi Formation, even though no deposits of this 
type have been found in Monument Valley. A continuous succession of 
valley fills may have been deposited and removed during valley cutting.

As erosion and transportation rates increased in headwater areas, 
the ratio of non-Moenkopi to Moenkopi-derived sediments, and the total 
volume of sediments in transit, increased steadily. With increasing 
load the rate of trunk valley downcutting was constantly decreased as 
the limit of any given stream's carrying power was approached along its
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course. .Eventually downcutting ceased and aggradation'began somewhere 
along each trunk stream. :The coarsest detritals in- transit^ predominant
ly of non-rMoenkopi origin, were deposited as lowest Shimarwmp. The finer 
fraction derived: from non-Moenkopi outcrops, and nearly all the Moenkopi- 
derived material, were still within the streams* competence and were by
passed; that is; they were transported through these portions of the 
channels.1 ' ■ '■ : - - 1 ’ ; -1' ■

Once aggradation had started, the tendency of the■heavily laden 
streams to meander back and forth across the valley bottoms would become 
more pronounced, which in turn would further reduce their carrying power. 
During this meandering they would continually replace their own over
bank material with coarser channel sediments and broaden their valleys by 
valley-side sculpturing as they periodically impinged against them. With 
continued aggradation, and with valley filling less confined, the vertical 
rate of deposition would decrease, resulting in increasingly broader val
leys until there was an eventual coalescence of streams and Shinarump 
sediments across most of the broad interfluve areas.^ It was at this

The Moenkopi in this region is composed largely of elastics in grade sizes ranging from sand to clay. Field evidence indicates that the Moenkopi was consolidated but not yet strongly lithified during the time of the erosion surface development. It is presumed then that loosened Moenkopi rock fragments were easily disaggregated by stream action, and that the smallness of the grain size permitted most of it to be transported out of the region. None of the coarser Shinarump elastics appears to be of Moenkopi derivation, but clay occurring as infrequent lenses in the Shinarump may have had its origin in the Moenkopi Formation.
2If a soil zone had been forming on the ancient Moenkopi outcrops, it would have been removed by the vigorous stream action which sculptured the surface and deposited the Shinarump.
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time, and at this general "level" that the pediment was formed.

During the time of pediment formation some low Moenkopi hills 
would still remain as monadnocks above the surface of strong fluviatile 
action. Hills that were not eventually planed off would continue to be 
sub-aerially eroded and to shed their fine-grained material down their 
low slopes until a time when the Shinarump, and later the Moenkopi hills, 
would be buried beneath deposits of a younger Chinle member.

According to this reasoning, then, the erosion surfaces in the 
deeper depressions and on the higher Moenkopi hills are not part of the 
pediment, but successively pre-date and post-date the period of pedimenta- 
tion.



THE CHANNELS AND CHANNEL PATTERN 

Channel Morphology

The "channel" pattern in the Monument Valley region is a complex 
system of valleys, channels, and isolated small scours. These features 
may have had their origin in three separate stages of the erosion surface 
development. They were probably formed (1) during the period of pre- 
Shi narump erosion of the Moenkopi, (2) during Shinarump aggradation of the 
main valleys in Shinarump time, and (3) during the stage of broad lateral 
planation which followed valley filling. The "channel" system is composed 
of (1) two main river valleys, as depicted in plates 1 and 4, (2) numerous 
valleys and channels associated with the two main valleys, and (3) channels 
and scours formed by the late-stage, wide-coursing streams which beveled 
the interfluve areas during the development of the pediment.

Channel sizes, as described on page 22, range from almost a mile 
wide and over 200 feet deep to a few tens of feet wide and less than 10 
feet deep. The largest of these features are in the southwestern half of 
the region.

Variations in the shape of the cross-section configuration along 
the trend of a given channel, and the necessity of interpolating conti
nuity between outcrops, makes it difficult to reconstruct a channel trend 
for long distances with any degree of certainty. The dashed portions of 
channels shown in plate 4 are the writer's interpretation of alleged

41
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continuity between more or less known segments of channels.
Marked changes in the cross-section configuration of channels 

occur along channel trends. The reason why these changes should occur 
is not obvious in the field. On a given outcrop a channel may appear to 
be U-shaped and relatively narrow, but on successive outcrops along its 
trend this shape may gradually change until it is broad and shallow. 
Plates 5, 6, 7, 8, and 9 show cross-section outcrops of five different 
channels. This sequence of pictures and illustrations shows the range 
in cross-section shapes of channels which are encountered in the Monument 
Valley region. Plate 5 may be said to have a "narrow flaring U" config
uration; shapes of the others may be designated successively as "broad, 
flaring U". "subdued W", "broad, subdued W". and "broad, shallow swale".

The cross-section shapes of broad valleys range from symmetrical 
to strongly asymmetrical. A steepened channel portion, if present, is 
generally in a near axial position within a broad valley (fig. 7). These 
narrow, steep-sided channels along the axes of broad valleys may repre
sent the latest stage of incision by post-Moenkopi streams before 
Shinarump aggradation commenced.

Steep-sided axial portions of pre-Shinarump valleys may have been 
common features, but perhaps these features were only infrequently pre
served. The degree of preservation of the original profile would depend 
upon the rate of Shinarump aggradation. Rapid aggradation would permit 
only slight valley-side sculpturing, while slow aggradation would permit 
a stream to widen out its valley and perhaps destroy all vestiges of the 
original steep-sided shape.
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Shinarump Member of Chinle Formation

Upper Mudstone 
Member of Moenkopi

\ Upper Mudstone Mbr, CHANNEL \ (

Middle Sandstone Member of Moenkopi

Plate 5.— Narrow, flaring U-shaped channel, NWk sec. 28, T. 43 S., 
R. 15 E., San Juan County, Utah.



Shinarump Member of Chinle Formation.

CHANNEL

Moenkopi Formation

De Chelly Sandstone Member of the 
Cutler Formation

Plate 6,— Broad, flaring U-shaped channel, NEJ4 sec, 25, T, 43 R. 13 E., San Juan County, Utah,
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Plate 7.— Subdued W-shaped channel, SE% sec, 33, T. 43 S,, R. 13 San Juan County, Utah,



Ehinle Fra. and Glen Canyon Group strata
Shinarumo Member

CHANNEL

Moenkopi Formation

Plate 8.— Broad, subdued H-shaped channel. Located miles N. 65° 
of northwest point (top of rim) of Skeleton Mesa, Navajo 
County, Arizona.
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Shinarump Member SHALE
Moenkopi Fm<■^IbedcTing plane~Tn Moenkopi Fm.)

De Chelly Sandstone Member of the Cutler Fm.

Plate 9.— Broad, shallow swale, NB4 sec, 9, T. 42 S,, R, 13 E., San 
Juan County, Utah, Note the gradual thickening of that 
portion of the Moenkopi above the bedding plane (indicated 
on the accompanying diagram)toward each side of the 
photograph.
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A change in shape of the steep-sided bottom portion of a channel 
along a channel trend is very noticeable in the field, but little atten
tion is paid to changes in shape of the shallow-sided upper portion of a 
channel. The upper portion of a channel is generally shallowly concave 
upward for long distances away from the channel axis. Witkind is believed 
to have been the first to recognize the broad, shallow nature of the up
per portion of "channels". In one of several published articles (1956, 
p. 115-116) on these so-called "swales" he writes that

"The Monument No. 2 channel is in the center of, and col- linear with, a broad very shallow, elongate swale in the top of the Moenkopi Formation. However, this cannot be perceived 
from the ground because of the dissection of the area, as well 
as the great width and relative shallowness of the feature.
The swale is about 3 miles wide and can be traced southeast
ward for 3% to 4 miles before it disappears below the al
luvium of Cane Valley. At the edges of the swale the thickness of the Moenkopi is about QO feet. Along the flanks of 
the Monument No. 2 channel in the center of the swale, this thickness decreases to 30 feet. Erosion during the formation of the channel has removed these 30 feet of strata adjacent to the channel, and consequently channel sediments of the Shinarump rest with pronounced disconforaity on the De Chelly Sandstone Member of the Cutler Formation. Although this swale-channel relationship is best displayed in the Monument No. 2 area, analogous features have been noted on Hoskinnini Mesa. There, however, the swales are not as well formed nor as broad."

When it is realized that the steep-sided bottom portion, which 
previously was considered to be the entire channel, is only the bottom 
portion of a much larger feature, then the changes in this bottom portion 
may be considered in a different context. What might appear to be a 
change in channel shape along successive outcrops may in reality be 
changes in only the relatively small but noticeable (on outcrop) bottom 
portion of the channel, while the upper, less noticeable portion continues
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relatively unchanged along the channel trend. Closed depressions along 
a channel trend— a not uncommon feature in Monument Valley—  would be 
caused, almost necessarily, by local increase of scouring below the gen
eral base of the channel.

it is still possible, however, that the steep-sided features were 
carved by Shinarump streams into the axial portions of broad valleys 
which were produced during an earlier, unrelated cycle of erosion. This 
is to say that the broad valleys - could have been produced during one cycle 
of erosion and that, after an interval of time, the Shinarump streams fol
lowed locallyC?) in topographic lows formed during the earlier cycle of 
erosion. v;-;- --.v •- - ' '

The writer does not favor the view that cutting of the broad val
leys was a process unrelated in origin to the final sculpturing of the 
surface and the deposition of the Shinarump. To postulate such a sequence 
of unrelated stages in the development of the erosion surface would seem 
to introduce unnecessary and unwarranted complications. The process 
described in this .paper needs only slow uplift to cause it to occur. The 
coincidence of Moenkopi and Shinarump transportation directions and the 
broad, slow, post-Moenkopi deformation implies a continuous sequence in 
the erosional-depositional cycle.

Channel Pattern Development

The Shinarump river system in Monument Valley, as plotted on 
plate .4, shows drainage towards the northwest. The anastomosing stream 
pattern would seem incompatible with a surface undergoing fluviatile
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degradation. However, the pattern is probably a composite of channel 
features formed during valley downcutting, and during the early stages of 
Shinarump aggradation. A probable means of developing the anastomosing 
stream pattern is suggested by the following recapitulation of stream 
activity during early Shinarump time.

During early Shinarump time the sediments derived from the non- 
Moenkopi headwater outcrops of the drainage system would be present only 
in the trunk valleys and their headwater tributaries. In time, as ag
gradation progressed in the trunk valleys, the streams at work on the 
surface of the Moenkopi between trunk streams would continue to deepen 
and extend their valleys in a headward direction.and to discharge their 
loads into the trunk streams or directly into the sea. As trunk valleys 
became aggraded to successively higher levels, and as the streams within 
these valleys continued to widen the valleys at the expense of the low, 
weak Moenkopi “uplands", spillover across passes would eventually occur 
from aggrading trunk valleys into downcutting tributary valleys. Dis
tributary channels of the trunk streams would be formed in this manner.

A trunk stream, upon entering another valley across some low 
part on a divide, as described above, would strongly erode the new valley 
where it entered it because of the entering stream's locally increased 
gradient (and perhaps form an abnormally deepened scour hole in the newly 
entered valley bottom). A spillover stream would then course down its 
new-found valley until it again entered its old valley at the pre
spillover juncture of the two streams. Thus the newly cut valleys on 
the Moenkopi surface would control the distributary streams* locations.
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Repetition of this spillover process would eventually develop an anas
tomosing stream pattern similar to the one shown in plate 4.

As aggradation progressively reduced the relief in the main valley 
areas, the streams would increasingly migrate laterally across interfluve 
areas. Small scale scours and narrow, steep-sided channels would be 
formed on the relatively flat interfluve areas where these migrating 
streams encountered, and temporarily followed, the shallow drainage lines 
on that surface.

Thus three categories of "channels" could have been formed during 
the erosion of the surface and the deposition of the Shinarump^ These 
three categories of "channels" are seen in plate 4 as (1) the two main 
valleys in the southwestern portion of the region, (2) the intermediate
sized distributary channels leading from, and sometimes rejoining, these 
main valleys, and (3) the small pediment associated channels in the east
ern half of the region (for example, between the easternmost main valley 
and the regional pinchout to the northeast). The channels referred to 
above, and also all those shown on accompanying maps, are only those which
were scoured into the Moenkopi Formation; other channels are known to be
■ ■ v . . - . "present at higher levels within the Shinarump.



DEPOSITION OF THE SHINARUMP

. .,■ Shinarurap Streams

Primary structures of the Shinarump rocks indicate that a stream 
within a Shinarump valley occupied only a small portion of the valley 
bottom at any given time. In general, aggradation within a valley is 
thought to have progressed while the stream meandered repeatedly back 
and forth across the width of the valley. In doing this the stream chan
nel must have occupied an unlimited number of positions as it gradually 
filled the valley. Some narrow distributary and pediment channels, how
ever, may have been aggraded in their lower portions while the stream 
occupied the complete width of the canyon-like feature.^

As the valleys became progressively aggraded and the stream me
anders widened, the streams impinged at greater and greater angles 
against the low-sloping Moenkopi valley sides. In doing this they ex
pended an increasingly greater proportion of their energy in eroding the 
Moenkopi Formation. Eventually most of the low-sloping Moenkopi hills 
would be planed off and the streams would migrate back and forth upon a

. ^In some instances the lower portions of channels may have been widened only slightly or not at all by lateral scour action of the val
ley stream during aggradation. In such a case the shape of the lower portion of the pre-Shinarump valley may have been preserved much as it had been prior to the advent of Shinarump aggradation. This may have happened at a time when most of the sediments in transit in a stilldowncutting stream were abruptly brought to rest through some sudden reduction in the stream*s carrying power.
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pediment surface developed across both the Moenkopi Formation and the 
adjacent fills composed of Shinarump sediments.

Deposition of the Shiharump blanket deposit upon the surface of 
erosion which was developed across the Moenkopi Formation and the 
Shinarump valley fills would occur in much the same manner as did the 
deposition of the valley fills. Two differences between the nature of 
valley fill accumulations and that of the overlying blanket-shaped de
posit would be (1) the gradual thickening in time of the valley-fill 
deposits during the time span of their deposition as compared to the 
retention of a relatively constant thickness of the blanket-shaped deposit 
throughout the life of the pediment streams, and (2) the limitation of 
one major stream to the deposition of fill in any one valley as compared 
to the numerous streams which took part in the blanket-shaped deposit 
development. A difference between the process of deposition by aggrading 
streams and that of the supposedly graded streams, which were active on 
the pediment surface is suggested by Mackin (1948, p. 505). He states 
that

"The channel of the aggrading stream may shift laterally 
in alluvium consisting essentially of contemporaneous overbank deposits. In this case the materials added to the load of the stream by scour and caving at the outside of a shifting bend may be largely fine silts and sands, but the coarser fractions of the bed load supplied from upvalley tend to be deposited and left behind as the channel shifts. The channel of the graded stream, shifting back and forth in a valley floor gravel sheet made up largely of channel deposits which may be somewhat coarser than the average
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bed load in transit, has little chance to decrease the calibre of its load by the process of exchange."!

The following section is a brief summary of what the writer believes 
were the conditions of stream action attendant upon Shinarump deposition.
The course of events related here is in large part based on information de
rived from Mackin (1948). Some of the statements in that article are 
directly quoted; much of the remaining presentation is an ill-concealed 
adaptation of remarks made by him in that paper. Any misinterpretation 
or inaccurate application of his data is unintentional.

The supposed lowering of base level at the end of Moenkopi time 
would steepen the gradient of the post-Moenkopi streams immediately up
stream from the sea. This increase in gradient would be transmitted 
upstream until eventually the gradient would be adjusted to supply the 
velocity required to transport all of the debris shed into the stream.
The final adjusted profile would tend to parallel the original profile.

As time progressed the length of the streams would increase 
through headwater erosion, delta growth, and development of meanders.
Stream lengthening in the headwater areas would increase load and dis
charge, delta growth would decrease the stream gradient in a downstream 
direction, and the stream courses would change from relatively straight 
to conditions of meandering as the cycle of erosion progressed from

'. 1 Mackin defines calibre (1948, p. 469) by the statement "increase (or decrease) in calibre of load means increase (or decrease) in particle size, the total load remaining the same." In this same article (p. 467) he uses the term competence to mean "the ability of the stream to transport debris in terms of particle size" and the term capacity (p.•468) to mean "the maximum load a stream can carry".
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youthfulness to maturity. Those changes in stream length would tend to 
decrease the gradient, which in turn would induce aggradation in order to 
supply the required slope for transport of the load.

The energy of a stream between any two points is proportional to 
the product of the mass and the total fall between the two points.(Mackin, 
1948, p. 466). When a stream increases its length while its load and dis
charge remain constant, the tendency for the stream gradient to be lower
ed is counteracted by aggradation. Under such conditions the aggradation 
progresses, as the stream's length increases, so that the gradient is 
increased just enough to supply the velocity needed for through transport 
of the material in transit. The opposite adjustment will occur in the 
case of stream shortening. The stream will also adjust its gradient, in 
a similar manner, to a change in its discharge volume. If, for example, 
the discharge volume of a stream is reduced while its load remains con
stant, aggradation will ensue and the gradient will be increased to the 
necessary extent where the stream's energy, under the reduced discharge 
conditions, is just sufficient for through transport of the load supplied 
to it. The opposite adjustment occurs in the case of increased discharge.

The valley fills were deposited, supposedly, by slowly aggrading 
streams operating nearly at grade. These streams gradually approached, 
and then finally attained, graded conditions, when they achieved the 
vertical position at which they eventually developed the pediment surface.

The relatively flat shape and large size of this postulated pedi
ment surface, and the nature of the deposits mantling it, strongly suggest 
that graded streams were active upon, and were indeed responsible for.
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the development of this surface, Mackin (1948, p, 470) defines a graded 
stream as

" ,  . . one in which, over a period of years, dope is delicately adjusted to provide, with available discharge and with prevailing channel characteristics, just the velocity required for the transportation of the load supplied from the drainage basin. The graded stream is a system in equilibrium; its diagnostic characteristic is that any change in any of the controlling factors will cause a displacement of the equilibrium in a direction that will tend 
to absorb the effect of the change,"

Mackin further states (p. 470) that "a graded stream is not in any sense 
a stream which is unable to abrade its bed" and that (p. 466)

"the concept of grade depends, not on any particular theory of transportation nor any special manner of appor
tioning energy losses, but on the form of the longitudinal profile developed by the debris-carrying stream under stable controlling conditions, and on profile changes that 
automatically readjust the stream to any change in control,"

In his detailed analysis of the graded stream (1948), Mackin uses, 
as one example, a 50 mile segment of the Shoshone Valley east of Cody, 
Wyoming. In that area the Shoshone Valley has certain broad river ter
races a few to several hundred feet above the Shoshone River, He compares 
these terraces to a new terrace being opened up at present in that same 
area but at a lower elevation by the graded Shoshone River and concludes 
that the older terraces were also formed by the Shoshone River. He fur
ther concludes that during the development of these older terraces the 
Shoshone River was at grade and that it operated then precisely as it is 
operating now at a lower level. During both stages, the valley floor had 
a declivity of approximately 30 feet per mile and the present Shoshone 
River has a velocity, in this section of river, capable of moving 8-inch 
to 12-inch boulders along its bed. The Shoshone failed to trench its
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valley floor during the older terrace-cutting stage, and the present 
stream fails to trench its present valley floor, even though during these 
stages the river flowed (and still flows) across bedrock units of con
trasting resistance.

The 30 feet per mile declivity of the terraces formed by the 
graded Shoshone River does not signify that the term grade connotes some 
specific declivity. Mackin (p. 474) cites another example where a graded 
stream in Montana has a slope of about 90 feet per mile, and he says 
that many southwestern pediment streams are in equilibrium on slopes 
still much higher. On the other hand the low-gradient, lower Illinois 
River has its velocity adjusted to transport all of the debris shed into 
it (it is neither aggrading nor degrading), and thus is an excellent 
example of a stream in equilibrium, even though its slope is less than 
2 inches per mile.

The general relationships between the load and slope of streams 
is summarized by Mackin (p. 470) by

" . . . over a period of years, the load supplied to a stream is actually dependent, not on the velocity of the stream, but on the lithology, relief, vegetative cover and erosional processes in operation in its drainage basin, and, in the graded stream, that particular slope is maintained which will provide just the velocity required to transport 
all of the supplied load. In this very real sense velocity is determined by, or adjusted to, the load. In the graded stream, load is a cause, and velocity is an effect (this relationship is not transposable)."

An interpretation that the Shinarump, and its underlying erosion 
surface, were developed by a system of streams at grade similar to those 
described above necessarily implies a long-continued period of structural
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stability following the regional upwarp which brought Moenkopi deposition 
to a close. The fact that the Shimarump is a widespread fluviatile blanket 
deposit composed of well worn, very durable materials that had their ori
gins in far distant source areas suggests that the streams which trans
ported it were flowing on a sloping surface under conditions of quasi
equilibrium. 1 The fact that the underlying pediment-like erosion surface 
was developed uniformly across strata of contrasting resistance strength
ens this thesis. Such conditions of equilibrium, or near equilibrium, 
indicate that appreciable vertical adjustments of:the stream slopes,as 
responses to changing velocity requirements* were not necessary, along 
great reaches of the stream courses for long periods of time. ; r ,

It would seem, from the deposits, landforms, and suggested 
processes of fluviatile action described above, that the regional slope, 
after the time of stream adjustments implied by post-Moenkopi downcutting 
and subsequent valley filling, coincided remarkably well with the minimum 
slope requirements of the Shinarump streams for through transport of the 
loads supplied to them. The writer believes that the erosional-deposi-. 
tional process which produced the erosion surface and the overlying 
Shinarump was very similar to the present day processes of pedimentation 
by the Shoshone River described by Mackin (1948). This implies that the 
streams at work on that Triassic surface were streams at grade, that the 
surface they cut was a pediment surface, and that the pediment surface 
was formed pari passu with the deposition of the Shinarump.

It is believed that; over a very long period of time, the Shinarump 
sediments were spread across their:very broad areas of deposition by just
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such streams at grade, and that the distance which this material could be 
moved, under such conditions of transportation, was limited only by the ■ 
resistance of the material and the length of the streams,

Shinarump Deposits

Historically, the term Shinarump Conglomerate has been applied to 
several different conglomeratic strata resting on the Moenkopi Formation 
in the.Four Corners region. This so-called "Shinarump" usually has a 
distinctive appearance on outcrop; it generally is a relatively thin, 
light-colored, cliff-forming stratum overlying the finer grained, red- 
colored Moenkopi and underlying the slope-forming, variegated shales of 
the Chinle Formation. In some cases this so-called "Shinarump" could not 
be definitely correlated with the Shinarump Conglomerate of the type 
locality selected by Powell near Kanab in Kane County, Utah.

Recent stratigraphic studies made by the United States Geological 
Survey and the Atomic Energy Commission in the Four Corners region have 
yielded new information on the stratigraphy of the shinarump Conglomerate 
and the Chinle Formation. Results of these studies were published by 
Stewart (1957). He states ip. 442) that " . . .  the strata formerly 
called shinarump Conglomerate in southeastern Utah consists, in places, 
of a lower sandstone unit, a middle claystone and clayey sandstone unit, 
and an upper sandstone and conglomerate unit. These units are independent, 
distinctive, and persistent over large areas of the Plateau." These 
units have been named, from youngest to oldest, the Moss Back Member, 
the Monitor Butte Member, and the Shinarump Member of the Chinle
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Formation. Each of these units rests upon the erosion surface at the top 
of the Moenkopi Formation in one area or another. The previous and pres- 
sent designations of these units, and their stratigraphic positions 
relative to each other, are illustrated in figure 10.

The Moss Back Member forms a northwesterly trending lens about 50 
to 155 miles wide. It extends from the Utah-Colorado line to central 
Utah (fig. 11). Its source may have been the ancestral Uncompahgre high
lands. The Moss Back Member overlies the Monitor Butte Member along its 
southwestern margin, overlaps the Monitor Butte Member towards the north
east, and overlies the Moenkopi Formation along its northeastern margin 
(Stewart, 1957, p. 456).

The Monitor Butte Member conformably overlies the Shinarump 
Member in most of southeastern Utah, and unconformably overlies the 
Moenkopi Formation in places where the Shinarump is absent (Stewart,
1957, p. 453). The northeastern limit of Monitor Butte deposition is 
shown in figure 11.
> The Shinarump Member is that conglomeratic sandstone unit which
is correlated with the type Shinarump Conglomerate. It is present 
across very broad areas, as mentioned in a previous chapter, but for 
purposes of this report it is of interest only in the local areas of 
southeastern Utah and northeastern Arizona adjacent to the state line. 
The northeastern limit of Shinarump deposition is shown in figure 11; 
its southwestern limit, insofar as it is of interest to this study, is 
where it becomes deeply buried beneath the Chinle and Glen Canyon Group 
strata at or near the southern end of the Monument Upwarp.
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Extensive outcrops at the Shinarump stratigraphic level in south

eastern Utah and northeastern Arizona show that the Shinarump is comprised 
of two separate lobes (as shown in figure 12 after Johnson and Thordarson, 
1959). These lobes are hereby named the White Canyon lobe and the 
Monument Valley lobe of the Shinarump Member for reasons implicit in 
these names. The sediments of the White Canyon lobe may have had their 
origin in the ancestral Uncompahgre highlands, and those of the Monument 
Valley lobe were obviously (from pi. 4) derived from source areas to the 
south and southeast of Monument Valley. These two lobes appear to co
alesce in an area to the northwest of Monument Valley at the western edge 
of the White Canyon area (fig. 12).*

The Monument Valley Shinarump appears to represent some time 
sequence in deposition, in addition to that indicated by the valley- 
fill and pediment mantle. The Shinarump deposits in the southwestern 
part of the region show, in vertical sequence on outcrop, two different 
types of Shinarump material. The lower of these two types appears white

*It is presumed that the conditions of Moenkopi erosion and Shinarump deposition described in this paper are also applicable to the White Canyon area of Shinarump deposition. However, the general interpretations by Johnson and Thordarson hardly support the reasonings presented here. Although they say the channels in this area are as deep as 50 feet (p. 126), they theorize (p. 124-125) that " . . .  the channel system seems to have been formed by a large braided stream 
(schematic diagram, fig. 13) . . .  (whose) gradient was probably only 
a few feet per mile and the channels were choked with an overload of 
sediments." Regardless of their interpretations, the writer saw no significant difference between the White Canyon and the Monument Valley Shinarump, and underlying erosion surface, during several field trips in the White Canyon area.
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Figure 12.— Location and direction of transport of the Monument 
Valley and White Canyon 
Shinarump.
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and massive; the other is darker and contains more mudstone lenses.
Plate 10 shows the color contrast of these two types on outcrop. In ad
dition to this lithologic difference, the direction of transport for each 
of these two types appears to be normal, one to another. The direction 
of transport of the light-colored material appears to have been northerly, 
and that of the darker material westerly.

The lower (light-colored and northerly transported) of the two 
types is present only in the lower portions of the western main valley 
and in some of its distributaries. The upper (darker and westerly 
transported) of the two types fills the eastern main valley and forms the 
pediment mantle across the entire Monument Valley region, except for areas 
in which the Shinarump was not deposited.

From this field evidence it appears that deposition of .the 
Shinarump may have started in the western main valley before it started 
in the eastern main valley, but that in time the streams of the western 
system ceased to flow and those of the eastern system spread across the 
entire region. If this interpretation is correct, then there may have 
been a gradual lateral migration of stream activity towards the northeast. 
Perhaps, after valley filling, the pediment surface was enlarged by 
stream action across the low paleo-topographic slope which continues be
yond the northeast limit of Shinarump deposition as the paleo-topographic 
high which separates the Monument Valley and White Canyon lobes of the 
Shinarump Member.



^/Chinle and Glen Canyon Group strata _
Dark Shinarump containing manyjnudstone lenses

White, massive Shinarump

Moenkopi Formation

Plate 10.— Two contrasting types of Shinarump in Monument Valley.
Northerly transported massive, white Shinarump as valley 
fills underlying westerly transported dark Shinarump of pediment association. Located 5 miles N. 36° W. of northwest point (top of rim) of Skeleton Mesa, Navajo County, Arizona.



SUMMARY AND CONCLUSIONS

The sedimentary sequence in the Monument Valley region ranges from 
the Cutler Formation of Permian age to the Navajo Sandstone of Jurassic 
age. The sequence is almost exclusively terrestrial, consisting pri
marily of interbedded eolian and fluviatile redbed strata which have been 
deformed into open asymmetrical folds and locally intruded by basic dikes 
and plugs.

The Late Triassic Shinarump Member of the Chinle Formation was" 
deposited across most of Monument Valley; it has a regional pinchout 
through non-deposition adjacent to Monument Valley on the northeast. 
Several local areas of non-deposition occur within the general area of 
deposition. Where Shinarump was not deposited, younger Chinle shale 
lies upon the underlying Moenkopi Formation. The Shinarump is a blanket
shaped, light gray, conglomeratic sandstone; it is tightly cemented and 
forms a resistant top stratum on many of the mesas.

The Shinarump lies upon the Moenkopi Formation across a surface 
of erosion. This erosion surface was developed after the Moenkopi 
(Early and MiddleC?) Triassic age) was deposited and prior to, and/or 
concomitant with, deposition of the Late Triassic Shinarump# Several 
theories have been proffered to explain the nature and origin of this 
surface, but no two authors agree on (1) the details of its shape,
(2) the processes involved in the development of the surface, and
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(3) the origin of the conglomeratic sandstone that blankets the surface 
in many areas. The objective of this paper is to relate the observable 
field relationships of the surface and its Shinarurap mantle to a logical 
sequence of geological events which probably eroded the surface and de
posited the Shinarump. To this end, field studies and examination of 
drill logs have been used to produce the most accurately controlled map 
of the surface that has ever been made.

The initial field studies included measuring of the Moenkopi 
Formation thickness at several hundred localities. An isopach map of the 
Moenkopi Formation was constructed from these data. This isopach map 
portrays the general form of the erosion surface, and defines the shapes 
of most of the individual paleo-topographic features of the surface. The 
section measurements also included thickness data on four mappable 
stratigraphic units which comprise the Moenkopi Formation in this region. 
An isopach map of each of these units was made.

The surface has a relief of nearly 300 feet. Major landform 
features are valleys and channels, and low rounded hills and ridges.
High paleo-relief in the southwest half of the region gives way to a 
channeled surface of generally low relief to the northeast.

The erosion surface at the top of the Moenkopi transects 
Moenkopi strata of different resistance as it descends in a southeast 
direction from a stratigraphic high of about 450 feet above the base of 
the Moenkopi along the western edge of the Monument Valley region to 
within 50 feet of the base of the Moenkopi along the southeastern margin 
of the region. Thinning, in a southeast direction, of the four mappable



strata which comprise the Moenktipi Formation is partly a feature of de
position. • : . : V :

There is nothing at the Moenkopii-Shinarump contact zone which can 
be interpreted to be an ancient soil zone or residual weathered mantle, 
and no other deposits that do not clearly belong to the Moenkopi or 
Shinarump strata. The Shinarump appears to have been deposited upon a , 
surface which had been swept clean, presumably by the agents of transport 
which brought the Shinarump to its site of deposition.

Cross-stratification attitudes in the fliiviatile Moenkopi strata, 
the channel trends of the erosion surface, and the cross-stratification 
attitudes of the Shinarump deposits indicate that the streams which de
posited the Moenkopi, those which were active-upon the post-Moenkopi - , 
Triassic surface, and those which deposited the Shinarump all had a.common 
flow direction. This coincidence of flow directions suggests some con
tinuum of geologic processes from Moenkopi to Shinarump time.

A hypothesis is proposed which purports to define the sequence of 
geologic events which transpired from Moenkopi to Shinarump. time. These 
events, in order of their occurrence, are as follows: (1) Deposition of
latest Moenkopi deposits, (2) regional uplift of the land and cessation 
of Moenkopi deposition, (3) incision of the streams (which previously had 
been depositing Moenkopi sediments) into the Moenkopi Formation, (4) 
eventual cessation of downcutting and the beginning of Shinarump time by 
deposition of the coarsest materials in transit, (5) slow aggradation -- 
with concomitant valley widening as meandering valley streams impinged 
time and again against the weak Moenkopi valley sides, and (6) eventual
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reduction of relief through valley filling until lateral beveling is ac
complished across interfluve areas*

It is thought that, during earliest Shinarump time, the trunk 
streams crossing the Moenkopi Formation were transporting large amounts of 
sediments (derived largely from their headwater areas) while the newly 
created streams, draining only the recently uplifted Moenkopi deposits, 
continued to deepen their valleys into the Moenkopi Formation, In time, 
as these processes continued, spillover would occur, perhaps from an 
aggrading trunk valley into an adjacent downcutting valley across sane 
low pass on a drainage divide. The diverted trunk stream would follow 
its new course until it reached the sea or until it again entered its old 
valley at some point further downstream. An anastomosing channel pattern, 
similar to the one shown in plate 4, would be formed in this manner.

When the aggrading and meandering streams largely accomplished 
the lateral beveling across the interstream areas, as in the final step 
of the Moenkopi to Shinarump continuum outlined above, they are thought 
to have reached graded conditions in keeping with the definition of the 
term "graded streams" given by Mackin (1948).

It is thought that these graded Shinarump transporting streams 
remained at this level, with little change in their longitudinal profiles 
for a long period of time, and that the surface of erosion which they 
developed cut across both the Moenkopi Formation and the valley-fill 
material deposited as earlier Shinarump. Thus, much of the erosion sur
face at the top of the Moenkopi Formation is an ancient pediment. It 
appears that the regional slope during this time, even prior to the
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sculpturing of these streams at grade, coincided remarkably well with the 
minimum gradients required by the streams for through transport of the 
supplied load.

The origin of this pediment, and of the blanket-shaped Shinarump 
deposit which mantles it, conforms closely to the origin proposed by 
Stokes (1950), The long period of time represented by the erosion sur
face, or the erosion surface and the Shinarump, is clearly perceived and 
aptly phrased by Stokes, who states ” . . .  it is illogical to assume 
that the cutting of the pediment surface precedes in its entirety the 
production and dispersal of the gravel sheet which covers it. The lapse 
of time is represented by both the unconformity and the gravel sheet."

An appendix on economic geology is included. It is intended to 
supply some additional information about uranium-vanadium ore guides and 
controls in Monument Valley which may be of value to the United States 
Atomic Energy Commission* The Commission supported most of the field 
studies which supplied the data from which many of the conclusions of 
this paper were reached.
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Table 1.— Field Measurement Data of the Moenkopi Formation (thickness in feet)

________ Lower Middle Upper
Hoskinnini Siltstone Sandstone Mudstone General Location and

No. Member Member Member Member Total Remarks
1 28 17 40 85 Comb Ridge
2 23 17 39 79 Comb Ridge
3 24 52 Comb Ridge
4 25 40 Comb Ridge
5 22 40 Comb Ridge
6 39 33 60 132 Agathla Peak
7 35 16 62 113 Agathla Peak
8 36 33 50 119 Agathla Peak
9 33 47 80 48 208 Oljato Mesa
10 28 201 Oljato Wash
11 36 46 80 55 217 Oljato Mesa
12 74 43 118 100 335 Monitor Mesa
13 20 127 120 267 Monitor Mesa Hoskinnini not incl
14 46 19 93 108 266 Hoskinnini Mesa
15 38 19 118 93 268 Hoskinnini Mesa
16 31 21 116 111 279 Hoskinnini Mesa
17 44 38 102 165 349 Nokai Wash
18 77 445 Nokai Wash
19 86 404 Copper Wash
20 54 21 128 55 258 Oljato Wash
21 33 15 120 57 225 Oljato Wash
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Lower Middle Upper

Hoskinnini Siltstone Sandstone Mudstone General Location and
No. Member Member Member Member Total Remarks
22 34 19 119 44 216 Oljato Wash
23 59 274 Oljato Wash
24 33 265 Nokai Wash
25 32 269 Nokai Wash
26 30 254 Nokai Wash
27 33 256 Nokai Wash
28 34 216 Nokai Wash 

Base of channel
29 .... 150 Oljato Wash Hoskinnini not incl.
30 158 Oljato Wash Hoskinnini not incl.
31 32 193 Oljato Wash
32 32 206 Oljato Wash
33 34 219 Oljato Wash
34 34 212 Oljato Wash
35 36 219 Oljato Wash
36 35 233 Oljato Wash
37 38 210 Oljato Wash
38 176 Oljato Wash Hoskinnini not incl.
39 38 258 Hoskinnini Mesa
40 37 243 Hoskinnini Mesa
41 37 171 Hoskinnini Mesa
42 35 236 Hoskinnini Mesa

l
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No.
HoskinniniMember

LowerSiltstoneMember
MiddleSandstoneMember

Upper
MudstoneMember Total General Location and Remarks

43 37 223 Hoskinnini Mesa
44 48 258 Hoskinnini Mesa
45 39 261 Hoskinnini Mesa
46 48 271 Hoskinnini Mesa
47 59 236 Oljato Wash
48 202 Oljato Wash Hoskinnini not incl.
49 57 208 Oljato Wash
50 35 263 Hoskinnini Mesa
51 34 246 Hoskinnini Mesa
52 44 267 Hoskinnini Mesa
53 37 227 Hoskinnini Mesa
54 59 196 Oljato Wash Base of channel
55 58 159 Oljato Wash Base of channel
56 58 227 Oljato Wash
57 40 250 Hoskinnini Mesa
58 39 88 Hoskinnini Mesa Base of channel
59 0 0 0 0 0 Hoskinnini Mesa Base of channel
60 40 10 50 Hoskinnini Mesa Base of channel
61 43 243 Hoskinnini Mesa
62 304 Copper Wash

Hoskinnini not incl.
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No. Hoskinnini
Member

LowerSiltstoneMember
MiddleSandstoneMember

UpperMudstone
Member Total General Location andRemarks

63 90 37 ' 122 114 363 Copper Wash
64 86 45 132 100 363 Copper Wash
65 85 37 126 148 396 Copper Wash
66 85 40 138 92 355 Copper Wash
67 81 357 Copper Wash
68 70 • 350 Copper Wash
69 78 355 Copper Wash
70 75 36 76 83 270 Copper Wash
71 85 46 130 102 363 Copper Wash
72 59 18 74 93 244 Oljato Wash
73 52 44 100 55 251 Oljato Wash
74 42 96 57 197 Oljato Wash Hoskinnini not incl.
.75 36 17 123 39 215 Oljato Wash
76 46 22 99 169 Oljato Wash Base of channel
77 31 20 97 49 197 Oljato Mesa
70 33 22 102 50 207 Oljato Mesa
79 32 18 100 60 210 Oljato Mesa
80 46 14 106 74 240 Oljato Mesa
81 53 , 14 100 81 248 Oljato Mesa
82 58 16 126 56 256 Oljato Wash
83 60 181 Oljato Wash Base of channel
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No.
HoskianinlMember

Lower
SiltstoaeMember

MiddleSaadstoneMember
UpperMudstoneMember Total General Locatioa and Remarks

84 44 26 138 Oljato Wash Base of channel
85 46(?) 162 Comb Ridge
86 31C?) 171 Comb Ridge
87 41(?) 158 Agathla Peak
88 41 148 Agathla Peak
89 45C?) 83 Agathla Peak Base of channel
90 41C?) 27 38 66 172 Agathla Peak
91 45(?) 20 52 41 158 Agathla Peak
92 44(7) 159 Agathla Peak
93 44 " 157 Agathla Peak
94 32 20 104 47 203 Oljato Mesa
95 34 22 88 44 188 Oljato Mesa
96 28 35 89 39 191 Oljato Mesa
97 30 23 91 55 199 Oljato Mesa
98 42 81 Hoskinnini MesaBase of channel
99 39 14 175 Agathla Peak
100 42 16 159 Agathla Peak
101 41 200 Agathla Peak
102 32 20 79 83 214 Nokai Mesa
103 39 45 72 92 248 Nokai Mesa
104 43 33 143 Nokai Mesa Base of channel
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BSs.
HoskinniniMember

LowerSiltstoneMember
MiddleSandstoneMember

Upper
MudstoneMember Total General Location and Remarks

105 44 25 40 205 314 Nokai Mesa
106 50 108 Nokai Mesa Base of channel
107 48 ' 35 37 145 265 Nokai Mesa
108 69 30 119 Nokai MesaBase of channel
109 56 277 Nokai Mesa
110 57 30 77 121 285 Nokai Mesa
111 64 75 50 105 294 Nokai Mesa
112 50 17 111 80 258 Oljato Mesa
113 48 12 128 50 238 Oljato Mesa
114 45 11 122 55 233 Oljato Mesa
115 32 16 104 54 206 Oljato Mesa
116 62 95 178 335 Monitor Mesa Hoskinnini not incl.
117 40 100 140 280 Monitor Mesa
118 49 114 118 281 Monitor Mesa
119 49 92 120 261 Monitor Mesa
120 58 58 Nokai Mash 

Hoskinnini only
121 53 139 170 362 Nokai Wash 

Hoskinnini not incl.
122 78 85 146 309 Nokai Wash 

Hoskinnini not incl.
123 74 44 93 151 362 Monitor Mesa
124 34 120 124 278 Monitor Mesa

Hoskinnini not incl.
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Nos.
HoskiaaiaiMember

LowerSlltstoaeMember
Middle

SaadstoaeMember
UpperMadstoaeMember Total Geaeral Location aad Remarks

125 38 117 53 206 Monitor MeanHoskiaeini act iacl. Side of ekaaael
126 51 104 72 227 Monitor MesaHoskiaaiai mot iacl.
>. '-/t; Side;bf:channel

1 r.'-t ■127 68 43 80 5 196 Hoskinnini Mesa
:-:t ■r? ", 7V 3.7v < •• Base.of channel
128 ,» 43 80 195 218 Hoskiaaiai MesaSide of channel
:,:-7 *;-o :-::v 0 1 ;  a
129 73 43 85 99 300 Nokai Wash

V "■ VV: 'v. r:' : r 1 1' . r v
130 83 30 92 192 397 Nokai Wash
iv?.131 25 117 110 252 Nokai Wash
i'S-S132 54 27 108 146 335 Nokai Wash v : V
133 68 30 88 92 278 Nokai Wash H •

134 64 24 96 140 324 Nokai Wash : <
135 299 Nokai Wash

7-7 1 Vv- Hoskiaaiai not iacl.
136 33 45 172 204 374 Nokai Wash
137
' f. 31 83 48 103 265 Nokai Wash
138 32 85 35 113 265 Nokai Wash
139 27 20 '75 Nokai: Wash

Base of channel
e r. K-'l V a  V.m 7 Ak140 33 338 Oljato Wash

.

141 40 301 Oljato Wash
142 46 m 177 336 Oljato Wash
143 39 19 114 35 207 Oljato Wash
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Lower Middle UpperHoskiaaini Slltstoae Sandstone Mndstone General Location andNo. Member Member Member Member Total Imnarks

144 125 Oljato Wash. Hoskinnini not incl. Base of channel
145 57 32 93 . 192 374 Nokai Wash
146 37 93 179 309 Nokai Wash Hoskinnini not incl.
147 48 34 78 175 335 Nokai Wash
148 43 43 72 133 291 Nokai Wash
149 61 15 120 61 257 Oljato Mesa
150 34 276 Hoskinnini Mesa
151 30 40 80 154 304 Hoskinnini Mesa
152 266 Hoskinnini Mesa Hoskinnini not incl.
153 272 Hoskinnini Mesa
154 55 70 135 260 Hoskinnini Mesa Hoskinnini not incl.
155 36 23 100 100 259 Hoskinnini Mesa
156 32 29 100 29 190 Hoskinnini Mesa 

Base of channel
157 48 32 101 Copper Wash 

Base of channel
158 30 311 Copper Wash
159 33 22 96 160 311 Hoskinnini Mesa
160 39 189 Nokai Wash 

Base of channel
161 34 81 149 264 Nokai Wash 

Hoskinnini not incl.
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No. HoskinniniMember
Lower

Siltstone
Member

MiddleSandstoneMember
UpperMudstoneMember Total

General locations and Remarks
162 37 40 73 111 261 Hoskinnini Mesa
163 25 77 23 125 Hoskinnini Mesa Base of channel
164■■ i . 246 Oljato Wash 

Hoskinnini not incl.
165 28 282 Oljato Wash
166 252 Oljato Wash 

Hoskinnini not incl.
167 298 Oljato Wash 

Hoskinnini not incl.
168 '' 125 Hoskinnini Mesa

169 60 Oljato Wash
170 69 58 97 158 382 Monitor Mesa
171 24 31 55 13 123 Agathla Peak
172 28 33 57 33 151 Agathla Peak
173 34 31 59 13 137 Agathla Peak
174 27 14 30 71 Comb Ridge
175 25 11 25 61 Comb Ridge
176 22 14 28 64 Comb Ridge
177 25 15 23 63 Comb Ridge
178 28 17 45 Comb Ridge .
179 24 3 27 Comb Ridge 

Channel area
180 10 10 Comb Ridge 

Base of channel
181 20 10 30 Comb Ridge

Channel area
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Lower Middle UpperHoskinnini Siltstone Sandstone Mudstone General Location andNo. Member Member Member Member Total Remarks

182 26 14 5 45 Comb Ridge 
Channel area

183 25 25 Comb Ridge Base of channel
184 21 58 Comb Ridge
185 23 19 18 60 Comb Ridge
186 36 15 71 50 172 Agathla Peak
187 38 24 68 43 173 Agathla Peak
188 39 198 Agathla Peak
189 38 44 72 29 183 Agathla Peak
190 41 37 105 55 238 Hoskinnini Mesa 

Base of channel
191 147 Nekai MesaHoskinnini not incl. Base of channel
192 43 114 . Comb Ridge
193 47 141 Agathla Peak
194 76 Agathla Peak Hoskinnini not incl.
195 120 Oljato Mesa Base of channel
196 40 130 Agathla Peak
197 38 99 Agathla Peak
198 63 Agathla Peak 

Hoskinnini not incl.
199 33 96 Agathla Peak
200 73 Agathla Peak 

Hoskinnini not incl.
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No.
HoskinniniMember

LowerSiltstoneMember
MiddleSandstoneMember

201 25 64

202 40 12 28
203 41 36 46
204 27 46

205 37 22 25
206 37 61

207 41 38 60
208 32 14

209

210

211

212

213 23
214 23 22 25
215 28

216 19 20
217 29 28 16
218 20 31 12

UpperMudstone
Member Total General Location andRemarks

89 Agathla Peak Hoskinnini not incl.
42 122 Agathla Peak

123 Agathla Peak
73 Agathla Peak Hoskinnini not incl.

38 122 Agathla Peak
32 130 Agathla Peak Hoskinnini not incl.
31 170 Agathla Peak

152 Oljato Wash Base of channel
160 Oljato Wash Hoskinnini not incl.
146 Oljato Wash Hoskinnini not incl.
55 Agathla Peak Hoskinnini not incl. Base of channel

•
90 Agathla Peak Hoskinnini not incl.
67 Comb Ridge

11 81 Comb Ridge
31 Comb Ridge 

Channel area
39 Comb Ridge
73 Comb Ridge
63 Comb Ridge
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Ne.
HeslcinniniMember

LowerSiltstoaeMember
MiddleSandstoneMember

UpperMudstoneMember Total General Location andRemarks
219 22 28 14 64 Comb Ridge
220 22 26 13 61 CombxRidge
221 30 23 7 60 Comb Ridge
222 23 16 39 Comb Ridge
223 27 14 41 Comb Ridge
224 28 24 12 64 Comb Ridge
225 20 44 Comb Ridge
22f> 20 23 28 71 Comb Ridge
227 21 29 8 58 Comb Ridge
228 28 20 8 56 Comb Ridge
229 28 68 Comb Ridge
230 31 53 Comb Ridge
231 19 101 52 172 Oljato Mesa Hoskinnini not incl*
232 30 Agathla Peak Hoskinnini not incl. Base of channel
233 37 31 43 111 Agathla Peak
234 48 30 45 5 128 Agathla Peak
235

-
43 Agathla Peak 

Hoskinnini not incl. Base of channel
236 14 44 58 Agathla Peak 

Hoskinnini not incl.
237 38 31 22 91 Agathla Peak
238 36 119 Agathla Peak
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LowerHoskinnlni Siltstone

N&, Member Member
239 44 11
240 34 27
241 40 33
242 37 18

243 32

244 38 0
245 37 6
246 36 6
247 20

248 33 11
249 33 7
250 37
251 20

252

253 54

254 41

255 49 65

MiddleSandstoneMember
UpperMudstoneMember Total

38 4 97
35 10 106
45 118

55

32

45 83
33 76
30 72

20

52
•

96
45 85

77
86 14 120

' 60

271

108 140 289

84 181 379

General Location andRemarks
Agathla Peak
Agathla Peak
Agathla Peak
Agathla Peak Base of channel
Agathla PeakOnly Hoskinnlni measured
Agathla Peak
Agathla Peak
Agathla Peak
Agathla Peak Hoskinnlni not measured 
Base of channel
Agathla Peak
Agathla Peak
Agathla Peak
01jato Wash Hoskinnlni not incl. Base of channel
Oljato Wash 
Hoskinnlni not incl. Base of channel
Monitor Mesa Hoskinnlni not incl. 
Moenkopi base uncertain
Monitor Mesa
Hoskinnlni not incl.
Nokai Wash
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N&.
Lower

Hoskiaalai Siltstoae Member Member
Middle
SaadstoaeMember

OpperMudstoneMember Total Geaeral Locatioa and Remarks
256 185 Nofcai Wash Hoskiaalai not incl. Base of channel
257 69 99 164 332 Nokai Wash Hoskiaalai not iacl.
258 88 106 141 335 Northeast of Monitor 

MesaHoskianiai not iacl.
259 88 117 156 361 Northeast of Monitor 

MesaHoskiaalai not incl.
260 43 43 Comb Ridge

Only Hoskiaalai measured
261 44 184 Comb Ridge
262 68 Comb Ridge
263 90 Agathla Peak
264 123 Agathla Peak
265 40 29 65 26 160 Agathla Peak
266 157 Agathla Peak Hoskiaalai not incl.
267 129 Agathla Peak Hoskianiai not incl.
268 17 83 21 121 Agathla Peak Hoskianiai not incl.
269 85 Agathla Peak Hoskianiai not iacl.
270 38 32 59 129 Agathla Peak
271 46 Comb RidgeOnly Hoskianiai measured
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No, HoskinniniMember
LowerSiltstoneMember

MiddleSandstoneMember
UpperMudstoneMember Total General Location andRemarks

272 132 Oljato Wash Hoskinnini not incl. Base of channel
273 112 Oljato Wash Hoskinnini not incl. Base of channel
274 122 Oljato Mesa Hoskinnini not incl. 

Base of channel
275 34 100 Goulding area Base of channel
276 100 Oljato Mesa Hoskinnini not incl. 

Base of channel
277 150 Oljato Mesa Hoskinnini not incl.



APPENDIX
ECONOMIC GEOLOGY

In the Monument Valley region uranium occurs as uraninite and 
coffinite below the water table. Vanadium is present there chiefly as 
montroseite and vanadium clays. In the oxidized zone vanadium occurs 
as the dark red metahewettite or, in combination with uranium, as the 
yellow uranyl vanadates, carnotite and tyuyamunite. Copper sulfides 
are generally associated with the uranium-vanadium ores below the water 
table as bornite, ehalcopyrite, chalcocite, and covellite; malachite and 
rare azarite occur on outcrop. Native copper, galena, sphalerite, and a 
cobalt mineral have been reported from uranium mines in the Oljato . ; 
locality. In some places pyrite is abundant within and outside channels. 
It forms limonite and jarosite upon oxidation.

Nearly all commercial uranium-vanadium deposits occur in the 
Shinarump along the Shinarump-Moenkopi contact where there are scour 
troughs in the Moenkopi Formation. Discontinuous channels (Witkind,
1956) and scours are favorable sites for ore bodies, although not all 
such features contain ore. The Moonlight ore body, located south of the 
Oljato Trading Post in the Oljato syncline, is an excellent example of a 
uranium-vanadium deposit in a channel cut into the Moenkopi.

Abundant evidence in operating mines shows clearly that ore- 
bearing solutions were very sensitive to lithology. Heterogeneous
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material consisting of quartz-pebble conglomerate, clay, and carbonaceous 
material forms a favorable environment for ore deposition, la sharp con
trast to clean; well-sorted sands. The presence of a large concentration 
of clay has been shown to be associated with ore in broad, flat channels, 
probably because of:channeling of ore-bearing solutions by' clay beds 
(Evensen and Gray, 1957); - ! '•••
s 5c3 Extensive exploration has shown that uranium, vanadium, and copper 
have definite geographic preferences within the region. Dranium is found 
almost' exclusively in the central and eastern areas; copper is more com
mon in the central and western areas. The distribution of vanadium is ' 
not well-known, but as it occurs in close association with uranium, it is 
presumed to shadow the uranium distribution. Oxidized uranium-vanadium 
ores>mined to date have a U;V ratio of about 1:4, as compared to less than 
1:2 for those below the water table. This relationship to the water table 
may be more apparent than real as the unoxidized Sunlight mine ore-within 
the area of low vanadium ores has a U:V ratio of 1:6. ; ; .1
♦ • The ore deposits of the region appear to be disposed randomly to 
deformational structures, and the intensity of mineralization within 
individual ore bodies seems hot to be'affected by structural attitude.
The relationship of mineralization intensity to structural dip in the • 
Monument No. 2 and Moonlight mines suggests a pre-defonaational age of 
ore emplacement and little or no subsequent migration, and hence that 
the uranium^vanadium ores'were emplaced prior to "Laramide" deformation.

In an unpublished" report prepared for the United States Atomic - 
Energy Commission (I• ■ B. Gray and R. F. Ciesiel, 1956) on fracturing in
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this region, it is shown that localities of strong mineralization often 
coincided with localities with strong northwest fracturing (N. 30° W. to 
N. 80° *.). Subsequent mapping of uranium mines and other field studies 
tended to confirm this observation. It was further noticed that bleached 
areas of the eolian De Chelly Sandstone (gray to white as compared to 
normal tan or light brown on outcrop) beneath the Moenkopi redbeds are 
associated with this northwest fracture set. Bleaching is not everywhere 
present along these fractures, but where it is present it is associated 
with them. In the areas where ore deposits are present the bleached 
localities are more common. Bleaching is apparent at the Monument No. 1 
and Monument No. 2 mines but thick cover hides the De Chelly Sandstone 
from view around the other large ore bodies. The western part of the 
region has no obvious bleaching; some bleaching is found in the central 
(Oljato) area and it increases markedly to the east. The northwest frac
ture set may have formed the channelways for ascending solutions, at 
least until they reached the De Chelly Sandstone, and these same solu
tions may have produced the bleaching along the fractures.

It is believed that ore deposits were formed in the Shinarump at 
localities where mineralizing solutions moving through the permeable 
De Chelly Sandstone found open passageways upward through the relatively 
impermeable Moenkopi. If this is so, then the nature of the Moenkopi 
was a controlling factor to Shinarump mineralization; a thin and sandy 
Moenkopi would permit— and a thick, shaly facies hinder— movement of 
large quantities of solutions between the De Chelly and Shinarump strata. 
It is precisely in such areas where the Moenkopi is thin and where
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erosive channeling intersects the permeable sandy layers near the base of 
the Moenkopi, or cuts completely through the Moenkopi into the permeable 
De Chelly, that the strongest mineralization occurs in the Shinaramp. Ore 
occurs in scours then, because it is there that the permeability is 
greatest# It is thought that uranium-vanadium deposition occurred within 
the scours at, or very near, the place where the solutions entered the 
Shinaramp.

The Shinaramp along Comb Ridge between the Monument No. 2 mine 
and its regional pinchout to the northeast seems a likely host to large, 
undiscovered ore bodies in view of the permeability factors discussed 
above and the obvious De Chelly bleaching of that area. This bleaching 
is at a maximum just north of the Utah-Arizona state line on Comb Ridge 
and decreases in intensity to the southwest. The Monument No. 2 mine is 
located peripherally to the area of more intense bleaching.

A band of light-colored Moenkopi one to three feet thick occurs 
subjacent to the Shinaramp along virtually all exposures of the contact.
It may have resulted, in part at least, from bleaching by the ore-bearing 
solutions. It is more probable, however, that the bleaching was largely 
caused by reducing ground waters of the carbon-laden Shinarump during 
and shortly after deposition of the Shinarump. Regardless of its origin, 
the uniformity of thickness of this bleached zone precludes its use as an 
ore guide.

The study of the origin and nature of the Moenkopi surface and its 
Shinarump mantle did not, in itself, produce any new understanding of 
uranium-vanadium ore deposition in the Monument Valley region. The writer
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believes, however, that the thickness and internal nature of the under
lying Moenkopi Formation is the primary factor which determined the 
location of ore deposits in the Shinarump host. It is concluded that the 
mineralized solutions:were channeled from the De Chelly Sandstone to the 
Shinarump through permeable strata in the Moenkopi Formation, and that . 
deep scours into the Moenkopi Formation, or a local complete absence of 
Moenkopi, aided this solution transfer. Local Moenkopi permeability was 
an important factor to formation of ore deposits in only those areas with
in the region where mineralized solutions were at some time present in the 
eolian De Chelly Sandstone.
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