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ABSTRACT

The Dinosaur Canyon Member of the Moenave crops out along 

Ward Terrace on the southwestern parts of the Navajo and Hop! Indian 

Reservations, Arizona. The Dinosaur Canyon Member undergoes a facies 

change from Kachina Point to Moenave. At Kaohina Point, the member 
is composed of eastward-dipping large-scale high-angle wedge-planar 
cross-laminated fine-grained sandstone. At Moenave, the member is 
composed of ripple-laminated, horizontally laminated, and thickly 

cross-bedded trough cross-stratified poorly sorted sandstones and 
siltstones.

For the purposes of this study, two main rook types were studied 

and defined; they are the well-sorted sandstone that occurs most pro

minently at Kachina Point, and the poorly sorted sandstone that occurs 

most prominently at Moenave. These units were studied for bedding 

structures, heavy mineral content, and clay content. The results of 

these studies indicate a paleoslope to the northwest over which ephe

meral streams deposited poorly sorted sandstones and siltstones.

Eolian activity reworked the poorly sorted fluvial sandstones into 

well-sorted sandstones in dune form, which were formed by winds blowing 

from west to east.

A probable shift in paleodrainage occurred in late Dinosaur 

Canyon time as cross-bedding in the subjacent Chinle has a dominant 

direction to the northwest, but the superjacent Springdale Sandstone

vii
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and Kayenta Formation have southwest directions. As the Dinosaur Canyon 

has a northwest direction, this change must have occurred near the end 
of Dinosaur Canyon time.



INTRODUCTION

General Statement

The Dinosaur Canyon Member of the Moenave Formation of Late 
Triassio (?) age crops out along the western base of the Moenkopi 
Plateau and on the east side of Ward Terrace in the southwestern part 
of the Navajo and Hopi Indian Reservations, Arizona. Between Kachina 
Point and the town of Moenave, the Dinosaur Canyon Member undergoes a 
marked facies change (fig. 1). This facies change is marked by better 

sorted rocks and the predominance of one type of stratification at 

Kachina Point, and at Moenave by poorer sorted rocks and many types 

of stratification. The facies change is also represented by a change 

in the weathering characteristics of the Dinosaur Canyon Member. At 

Kachina Point, the member weathers to a massive knobby cliff (fig. 2), 

but near Moenave the member weathers to terraced slopes, pillars, and 
rounded knolls.

Statement of Problem

The purpose of this study was to determine the physical rela

tions between the Dinosaur Canyon Member of the Moenave Formation and 

the rook strata that come in contact with the member along Ward Terrace 

and north to the town of Moenave. Between Kachina Point and Moenave, 

the member undergoes a facies change from thick wedge-planar sets of 

large-scale high-angle cross-lamination to the stratification types of

1
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FIGURE 2

KACHINA POINT SECTION

Typical outcrop of the Dinosaur Canyon Member at Kachina 

Point where the unit is well sorted and composed of mainly wedge- 

planar cross-stratification. The Kayenta caps the cliff and the 

Wingate is present at the base of the cliff, though the Wingate 

can not be seen in this picture.



k

thinly laminated to thick-bedded horizontal lamination, and thick to 

thin sets of trough and tabular-planar cross-stratification. The rela

tions of this facies change to environments of deposition, to the con
tact relations, to source areas, and to the stratigraphy of the member 

is studied.

Methods of Study

Detailed stratigraphic sections were measured at fourteen points, 

between two and six miles apart, over a distance of sixty miles. Stra
tification was described using McKee and Weir (1953) terminology. Cross
bed dip directions were recorded, as were asymmetrical ripple mark or

ientations. The data collected in the field were subjected to statis

tical treatment to determine a mean direction of orientation. Grain 

size was estimated in the field by comparison with a standard sand-size 
gauge3 color was described in accordance with the Rock Color Chart 
(Goddard, 19L6)»

Laboratory analysis involved the study of grain size, sorting, 

rounding, heavy mineral types, and petrography of the sandstones. Two 

samples from each section were selected for laboratory analysis. Care 

was taken to select one sample from units containing large-scale high- 

angle wedge-planar cross-bedding and the other sample from units con
taining horizontal, wavy, ripple, or very thick bedded stratification, 

or small- to medium-scale trough and tabular-planar cross-bedding. The 
samples were then sieved for the determination of grain size, and the 

degree of sorting was then calculated from the grain size data. The
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degree of rounding was estimated with the use of the binocular micro

scope. Heavy mineral separations were made from the very fine grain 

sand fraction for each of the sieved units. Thin sections were made 

to determine the amount of weathering of the constituent rock material, 
and the mineralogy of the unit.

Grain size, sorting, rounding, and bedding features were stu

died in an attempt to understand the environment of deposition. Heavy 

mineral analysis gave indications as to the source areas and degree of 
weathering in transport. The thin sections showed the amount of wea

thering that the individual grains had undergone. The petrology of 

the rooks was important in the determination of the environment of de
position.

Cross Bedding Calculations

Certain bedding features are good indicators of direction of 
movement of the depositing fluid, as they are formed in response to 

the stresses imposed by the moving fluid. Bedding features such as 

ripple marks, trough, tabular-planar, and wedge-planar cross-bedding 

were utilized in this study. Asymmetrical ripple marks are useful, but 

they commonly are imbedded in the rook in such a way that they cannot 
be measured. Thus trough, tabular—planar, and wedge-planar cross-bedding 
were the main bedding features used.

When measuring cross-bedding in the field, care was taken to 
always measure the steepest dip of the laminae in each set, for the 

steepest dips are concentrated near the axis of the cross-bed, and the 

dip angle may have some environmental significance. While few of the
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cross-bedding measurements represent the axle of the trough or wedge, 

they are randomly but closely scattered about the axis* As the axis 

of cross-beds varies from one cross-bed to another, a method of cal

culating a mean direction is necessary* Three statistical parameters 
need to be calculated which arei a mean direction, a consistency 

factor to indicate the precision of the mean, and a value to show one- 

half the range of the mean so that cross-bed directions from two or 

more different locations can be compared.
The mean direction can be calculated both graphically and mathe

matically. Raup and Miersch (1957) have shown a simple mathematical 

method for calculating the mean and the consistency factor. Reiche 

(1938) has discussed the vector method for calculating both mean direc
tion and consistency factor of the mean. The mean, 0, and the consis
tency factor, e, can be calculated by the following formulae1

tan 0 - . —  and c - (SSin Q)2 + (S.Cos 9)2
Cos 0 n

where n is the number of measurements taken and 0 is the increment angle.
After calculating the mean direction and the consistency factor 

for the mean, it is very helpful to know what range the mean would have 

at some confidence level. Stein's law is such a statistical tool. The 

calculation of the range of the mean is important because two different 

mean directions from the same formation but from different localities 

can be compared to see if their mean directions are significantly simi

lar or significantly different at the 95 per cent confidence level. 
Stein's law is a mathematical relationship relating number of measure-
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manta taken to standard deviation of the mean, and to the half range 

of the mean at the 95 per cent confidence Level. Stein's law is:

N - U,Ob S2

where N is the number of measurements, S is the spread of measurements 

which occur within one standard deviation of the mean, d is the 95 per 
cent value for the range of the mean. F. 0. Poole (unpublished) has 

made a graph of Stein's law for four different half ranges of the mean 
(fig. |). This graph is useful for rapid determination of the approxi
mate half range of the mean.

To use the graph of Poole, an estimate of the standard deviation 
of the mean is necessary. A quick estimate of the standard deviation 

is made by plotting the number of measurements in a 10° interval against 
the azimuth of the interval. After completing the histogram a rough 

estimate of the mean direction is made and 32 per cent of the readings 
are dropped, 16 per cent from each side of the mean at the tails of the 
histogram. The angular spread through which measurements are now pre

sent is halved to obtain the value S. Plotting S versus N, a point is 

located under one of the curves that Poole has calculated. The curve 
under which the point is located is ^ the range of the mean of cross- 

bed directions for the number of measurements taken. It is important 

for the range of the mean to be as small as possible so cross-bed di
rections from different localities can be compared. A maximum value of 

the half range of the mean has been set at 20°, because a 20° range on 
each side of the mean represents about half of a quadrant. If two dif-
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ferent mean directions from the same formation but different localities 

are compared, and their half ranges of the mean overlap, the directions 

are not significantly different and thus could be formed by the same 

paleoslope or paleocurrent phenomenon.

Location

The thesis area lies in the southwestern parts of the Navajo 

and Hop! Indian Reservations, Arizona. The Dinosaur Canyon Member of 

the Moenave Formation crops out on the eastern part of Ward Terrace, 

just below the Moenkopi Plateau. The northern boundary of the area is 

at the small town of Moenave, about sixty-six miles northenorth-east 
of Flagstaff, Arizona. The southern limit of the area is Kashina Point, 
about forty-three miles northeast of Flagstaff, or about thirty miles 

north of Winslow, Arizona. The area of study thus lies along essen

tially a straight line that extends for about sixty miles from Kachina 
point to Moenave (fig. 1).

Physiography

The Navajo and Hop! Indian Reservations are in northeastern 
Arizona, and comprise what is known as the Navajo Country. The rocks 

of the Navajo Country are for the most part gently dipping Mesozoic and 

Cenozoic strata. Throughout the area the rocks are well exposed as the 
region has very little vegetation due to the scantiness of rainfall.

The average rainfall is less than 10 inches per yearj rainfall is con

centrated in two distinct seasons. The summer rains are characterized 

by high intensity and short duration. In summer due to the high intensity,
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the runoff is concentrated into channels or arroyos of the area. Erosion 

is rapid, and the typical landforms formed are terraces with broad low 

slopes, or massive cliffs. In contrast, the winter rains are of low in

tensity and longer duration. Snow is common during the winter.

Previous Work

One of the earlier geologists to study the stratigraphy of the 

southwestern part of the Navajo Indian Reservation was Ward (1901), who 

conducted a geologic reconnaissance survey along the little Colorado 
River. He applied the name Painted Desert Beds to what now is recognized 

as the Dinosaur Canyon Member of the Moenave, the Kayenta Formation, and 
the Navajo Sandstone. The Painted Desert Beds were subdivided into four 

parts, in ascending order: the orange-red sandstone, the variegated

sandstone, the brown sandstone, and the white sandstone. The orange-red 
sandstone is equivalent to the Dinosaur Canyon Member, the variegated 

sandstone is equivalent to the Kayenta Formation, the brown sandstone 

and white sandstone are equivalent to the Navajo Sandstone.

Gregory (1917) worked on the geology of the Navajo Country, and 

assigned rock stratigraphic names to the informal units of Ward. Along 
Ward Terrace he placed Ward's Painted Desert Beds into the undifferen

tiated McElmo and La Plata of the Moenkopi Plateau. Although he did not 

differentiate the units of Ward on either his map or sections, he recog

nized them. The brown sandstone and the white sandstone he correlated 

north of Ward Terrace to the Navajo Sandstone, which he named.

The Glen Canyon Group was named by Gregory and Moore (1931) and 

included the Wingate sandstone, Todilto (?), and the Navajo sandstone.
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However, the first appearance of the name Glen Canyon Group in the lit

erature was by Baker, Dobbin, MeKnight, and Reeside (1927) and was first 

used in a U. S. Geological Survey publication by Gilluly and Reeside 

(1928). Baker, Dane, and McKnight (1931) replaced Todilto (?) with "Kay- 

enta formation” for the sandstone overlying the Wingate Sandstone in the 

Glen Canyon of the Colorado River. Baker, Dane, and Reeside (1936) 

placed the Glen Canyon Group in the Jurassic (?) and in 19lt7 they revised 

some of their earlier correlations. In 1947 they correlated the Entrade 
Sandstone to Fort Wingate and showed that the Entrada was equivalent to 

most of the type Wingate. However, they pointed out that the name Entra
da was valid as it occurred above what had previously been called Wingate. 
Minor difficulty arose as the Wingate now did not have a type locality, 

but due to its widespread usage they urged continuation of the name Win

gate Sandstone for the lowest sandstone in the Glen Canyon Group in 
southern Utah.

Wanek and Stephans (1933) used the name "Wingate" for the lowest 
sandstone in the Glen Canyon Group along the Echo Cliffto, and correlated 

the "Wingate" to the "orange-red" of Ward. Callahan (1931) worked along 

the Echo Cliffs, and observed that tongues of "Wingate” were associated 

with the Kayenta. His "Wingate" included the Springdale Sandstone Mem
ber of the Moenave, and tongues of the Navajo Sandstone. His Kayenta 
included the Dinosaur Canyon Member of the Moenave and the silty facies 

of the Kayenta. His "Wingate" occurred above the lower part of the Kay

enta, and tongued out into the Kayenta near Moenave.

Colbert and Mook (1931), in a study of a Protosuchus locality at
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Dinosaur Canyon, named the Dinosaur Canyon Formation for the lower part 

of Callahan’s Kayenta. Knowing that Callahan’s "Wingate" occurred above 

their Dinosaur Canyon Formation, they reported that the Dinosaur Canyon 

occurs below the ’’Wingate” sandstone. They believed that the Dinosaur 

Canyon is Late Triassic, but they felt that the age was doubtful, and 
that other data were needed before a more definitive date could be as

signed to the unit.

Harshbarger, Repenning, and Irwin (1957), working in the Navajo 
Country, traced out many of the stratigraphic units of previous workers 

and showed their relations. They traced the Wingate to a pinchout along 

Ward Terrace, and showed that it is below the Dinosaur Canyon Member.

They traced Gregory’s (1950) Springdale Sandstone Member of the Chinle 

Formation from Utah to the Echo Cliffs, showed that it occurs above the 

Dinosaur Canyon, and placed both units into a new formation, the Moenave 

Formation. They pointed out the intertonguing relationship between the 

Dinosaur Canyon Member and the Wingate Sandstone in the Hop! Buttes area. 

See fig. h for brief correlation chart of previous work.
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CONTACT RELATIONS

Lower Contact of the Dinosaur Canyon Member

The Dinosaur Canyon Member of the Moenave Formation in most 

places rests conformably bn the Wingate Sandstone, but in other places 
it rests unconformably on the Chinle Formation. The contact between 

the Dinosaur Canyon Member and the Wingate Sandstone is marked by a dis
tinct change in the weathering of the two units, and by a less distinct 
color change. The contact of the member with the Chinle is marked by a 

sharp change in color, weathering, stratification, and grain size.
The contact between the Dinosaur Canyon Member and the Wingate 

Sandstone seems to be an intertonguing relationship. At Kachina Point, 

the contact is an even horizontal surface between wedge-planar sets of 

large scale high angle cross-bedding. Between Sections 2 and 9 the con

tact is covered, but the lithology of the units changes in a similar 

manner. At Section 9 the contact is more irregular, and has a relief 

of as much as three feet. This erosional surface probably is not of a 

great time significance as the contacts between individual units of the 
Dinosaur Canyon Member commonly have relief of three to four feet. 

Harshbarger and others (1957, p. 15) have reported intertonguing between 
the Dinosaur Canyon Member and the Wingate Sandstone east of Kachina 
Point in the Hopi Buttes area. North of Section lit, a broad bench, 

sixty to seventy feet wide, is commonly exposed at the top of the Win

gate and has a six to twelve inch "bleached zone" that locally contains 

dinosaur tracks. The Dinosaur Cary on Member is set back on this bench.
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and commonly is made up of slope-forming sandstones.

The criteria for placing the contact are the distinct change in 

weathering, and the lesser change in color. The Wingate Sandstone is 

pale reddish brown (10R5/U), whereas the Dinosaur Canyon typically is a 
moderate reddish orange (10R6/6). The Wingate weathers to straight 

blocky ledges or massive straight cliffs depending on the thickness of 

the bedding. The Dinosaur Canyon, in contrast, weathers to ledgy slopes 

with terraces and pillars, or to rounded knobby massive cliffs. The 

Wingate also contains fewer clay flakes and thus is a "cleaner" sand

stone.
Between Section 9 and Section 13, the Dinosaur Canyon Member and 

the Wingate Sandstone seem to intertongue, as lithologies that weather 
as the Dinosaur Canyon are found in the Wingate Sandstone. The Wingate 

Sandstone is more resistant, and is composed of thicker strata than the 

Dinosaur Canyon Member. Lenses of Dinosaur Canyon lithology in the Win

gate are not traceable to the main body of the Dinosaur Canyon, but they 

may merge in an eastward direction which is not exposed. Thus when 

measuring the sections, the contact between the Wingate and Dinosaur Can
yon was placed at the top of the highest occurrence of ledge-forming 

pale reddish brown quartzose sandstone. A grain size difference between 

the two units is indistinguishable by hand lens.

North of Moenkopi Wash, along the Echo Cliffs, the Dinosaur Can

yon Member unconformably overlies the Chinle Formation. The contact com
monly is marked by a smooth surface with a two- to five-inch basal con

glomerate that is derived mainly from underlying Chinle material (Callahan,
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1951, p. 51). In many areas, the Dinosaur Canyon Member forms a slight 

overhang above the Chinle.
The contact is marked by a distinct change in grain size, as 

the top units of the Chinle are mainly siltstonee, whereas the Dinosaur 

Canyon is mainly sandstone. The stratification is also quite different, 
as the Chinle is composed of horizontal very thin to thin beds and the 
Dinosaur Canyon of thick to very thick horizontal beds, thin to thick 
beds of ripple drift, and thick sets of trough and tabular-planar cross- 

stratification. In addition, the Chinle is light brown (5lR6/l|) while 

the Dinosaur Canyon is moderate reddish orange (10R6/6).

Upper Contact of the Dinosaur Canyon Member

North of the Moenkopi Wash Section, the Springdale Sandstone 

Member lies conformably on the Dinosaur Canyon Member. The Springdale 

Sandstone Member is typically composed o^trough sets of small- to 

medium-scale cross-laminated sandstone, and has a diastemic unconfor

mity at the base that is marked by angular siliceous very fine grained 
gravel, mudcracks, or balls and slabs of blue gray shale at its base 

(HarsKbarger, Repenning, and Irwin, 1957, p. 17). In other places, no

tably between Reservation Route 1 and Section 8, the Springdale Sand
stone overlies the Dinosaur Canyon Member with a smooth surface con
tact.

The criteria for placing the contact between the Dinosaur Can

yon and the Springdale Sandstone are based on the weathering, grain size, 

and stratification. The Dinosaur Canyon weathers to ledgy slopes, pil
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lars and terraces, is made up of very fine grained sandstones and of 

siItstones, and commonly has trough and tabular-planar cross-strati

fication, and ripple-drift lamination. In contrast, the Springdale 

Sandstone is a medium-grained sandstone that weathers to a prominent 

massive straight cliff and does not have abundant ripple drift lamina
tion as does the Dinosaur Canyon. The trough cross-bedded character 

of the Springdale Sandstone disappears near Moenave. Typically an 

unconformity of dlastemic proportions occurs at the base of the member.

At Moenave, a sandstone composed of wedge-planar sets of medium- 

scale high-angle cross-laminae lies atop the more typical trough cross- 

bedded sandstone of the Springdale Sandstone. This unit weathers to 
blooky resistant ledgesj the unit as a whole forms a resistant hogback.

The stratification of the unit is similar to the stratification of the 

Dinosaur Canyon Member, but the wedge-planar type of stratification in 

the Dinosaur Canyon Member is rare near Moenave. The Springdale Sand

stone Member weathers to a hogback cliff in the Echo Cliffs, as does 

the wedge-planar cross-bedded sandstone above it, but the stratification 

is different. The unit does not resemble either the weathering character, 
stratification, or grain size of the Kayenta Formation. On the basis of 

stratification the unit could be placed in the Dinosaur Canyon; on the 
basic of weathering character, stratigraphic position, and grain size, 
the unit could be placed in the Springdale Sandstone. The writer be

lieves that the unit is part of the Springdale Sandstone, on the basis 

of stratigraphic position, weathering, and similar grain size to the 

Springdale Sandstone. Harshbarger and others (1957, pi. 2) place this
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unit in the Dinosaur Canyon, probably on the basis of stratification•

The unit extends beyond the pinohout of the typical Springdale Sand
stone, and has a conformable contact with the underlying Dinosaur Can

yon.
South of Moenkopi Wash, the Springdale Sandstone pinches out, 

and the Kayenta Formation conformably overlies the Dinosaur Canyon Mem

ber. The contact between the Dinosaur Canyon and the Kayenta is easily 

defined where a chert conglomerate is present, and very subtle where 

this chert conglomerate is absent. The conglomerate can be traced for 
thirty miles east of Kachina Point (Harahbarger, Repenning, and Irwin, 

1957, p. 15)» and it can be traced for thirty miles north of Kachina 
Point to Section 13. At places, notably at Section 9, thin chert string

ers extend down a high angle cross-laminated sandstone that underlies 

the chert conglomerate. In most places below the chert conglomerate, 

a light greenish gray (10RY8/1) medium to large-scale high-angle cross- 

stratified sandstone that is stained moderate orange pink (5YR8/1j) lies 

beneath the cherty limestone (fig. 5a). Between Section 13 and Section 

lb, the cherty limestone disappears between the Kayenta and the Dinosaur 
Canyon Member. The Dinosaur Canyon in this area is mostly a fine- to 

medium-grained sandstone, with leaser amounts of ailtatone, that weathers 

to terraced slopes and pillars. The Kayenta in this area is mostly a 

siltstone with minor sandstone lenses that weather to ledges within the 

rounded slopes of siltstones. The contact between the Dinosaur Canyon 

Member and the Kayenta Formation is thus placed on the basis of the 

gross lithologic characteristics of the two rock units.



Figure £>a.

UPPER CONTACT WITH CHERT PRESENT 
Typical contact between the Kayenta Formation and the Dinosaur 

Canyon Member of the Moenave where the chert conglomerate ia present. 

The contact is about five feet above the head of the figure in the 
photo.

Figure 5b•
UPPER CONTACT WITH CHERT ABSENT

Typical contact between the Kayenta Formation and the Dinosaur 
Canyon Member of the .Moenave Formation where the chert conglomerate 
is absent. The contact is at the base of the overhang.



Figure 5b
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An intertonguing relation is suggested by the Alternation of 

Dinosaur Canyon-like lithology and Kayenta-like lithology within the 

basal part of the Kayenta Formation. No tongues of Dinosaur Canyon 

Could be traced to where they merged with the main body of the Dino
saur Canyon. Beds of Dinosaur Canyon-like lithology are rather thin- 

less than 3 feet thick— but the Kayenta-like lithology is not much

thicker



LITHOLOGIC TYPES

General Statement

The Dinosaur Canyon Member has been divided into three litho

logic types for this study. These three types are: well-sorted sand

stone, poorly sorted sandstone, and shaly siItstone, A fourth rock 

type, chert conglomerate, is important locally at the base of the Kay- 

enta Formation. At Kachina Point the Dinosaur Canyon Member is 327 
feet thick, but at Moenave the Dinosaur Canyon is only 21*2 feet thick.

Well-Sorted Sandstone

General statement

Sandstones consisting of well-sorted very fine grained sand 

are concentrated near Kachina Point, and are herein informally desig

nated the well-sorted sandstone. The well-sorted sandstone is composed 
of thick to very thick wedge-planar sets of medium- to large-scale high- 

angle cross-laminae that form very thick lenticular units that may be 
traced for two to three miles before pinching out. Northward, these 

well-sorted units intertongue with poorly sorted units of sandstones 

and siltstones, and exist as isolated lenses within the poorly sorted 

units. At Moenave, the well-sorted sandstone consists of one or two 

wedge-planar sets that form isolated lenses. These isolated lenses 
are fairly common, but do not have much extent.

21
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Composition

The well-sorted sandstone is composed of about 10 per cent 
feldspar, % per cent clay in the form of clay galls and clay balls,

3-24 per cent carbonate and heavy minerals, and the remainder, 82 per
cent, is quartz. The heavy mineral grains are glaucophane, andalusite, 

hypersthene, augite, enstatite, kyanite, garnet, staurolite, diopside, 

epidote, sphene, topaz, and dolomite. Less common heavy minerals are 

amphibole, sillimanite, anatase, actinolite, corundum, fluorite, sir- 
con, and idocrase. Of these minerals, corundum, fluorite, anatase, 
and zircon are rare. The most common of the heavy minerals are glau

cophane, augite, garnet, andalusite, and sphene. The feldspars locally 

have some development of clay minerals on their surfaces, but they gen

erally are little weathered. The carbonate, other than possible detrital 

dolomite grains, acts as a cementing agent, which firmly cements the sand
stone .

The relative abundance of various heavy minerals shows a relation 

to area. Corundum, kyanite, idocrase, and glaucophane increase slightly 

northward. However, these minerals are very common in the poorly sorted 

sandstone, and probably reflect intermixing between the sandstone types. 
Many of the heavy minerals suggest an igneous source. Others, such as 

kyanite, andalusite, glaucophane, and sillimanite indicate a high temp

erature and pressure metamorphic origin, such as the Yavapai Schist or 

its equivalents, as a source of these minerals. Corundum and idocrase

are contact metamorphic minerals that are formed by metamorphism of 

carbonate rocks, and possibly PreCambrian limestones of the Apache 

Group, or rocks of the Yavapai Schist, could have been the source of
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these minerals. Both rock units were probably exposed in east-central 

Arizona and west-central New Mexico at the time of deposition of the 
Dinosaur Canyon Member.

Clay minerals were identified by Tom Lee Heidrich, a fellow 

graduate student, and the terminology follows U. S. Geological Survey 

usage. The clay mineral present is a non-organically complex mixed- 

layered trioctahedral montmorillinoid clay of the saponite group. The 

clay is in flakes and rounded balls. The flakes are dried clay crust 
probably farmed by the dessioation of small ponds or playas (Burt, 1930). 

After the crust has sufficiently dried, it may break into many smaller 

particles that can then be reworked by wind or water. The clay balls 
are probably rounded clay flakes, although they may be flocculated clay 

aggregates. About half the clay present occurs as clay balls or flakes; 

the remainder fills the intersticies of the sandstone.

Median grain size and sorting were determined by seiving and 
treating statistically by methods discussed by Folk and Ward (1957).

The graphic mean diameter of the sandstone averages about 0.0718 mm, 

very fine grained sandstone. The inclusive standard deviation or measure 

of sorting averages 0.51*1 0, and falls in the moderately well sorted sand
stone class. Most samples studied are finely skewed, but samples from 

Section 8 and Kachina Point are slightly coarse skewed (fig. 6). The 

detrital grains are angular to subangular. More than half the grains 
show some frosting and commonly some etching. The disassDelation of 

the sand-sized clay flakes by settling tube determination probably 

causes an artificial skewness to the fine side.
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Bedding Structures
The well-sorted sandstone has essentially one stratification 

type, wedge-planar sets of medium- to large-scale high-angle cross- 

laminae in which ripples marks trend down the cross-bed. The individual 
sets of cross-laminae range in thickness from one foot to greater than 

twenty feet. The set contacts are only slight surfaces of erosion, and 

commonly the sets are imbricated with convex upward boundary planes. 

Thick to very thick bedded units, as seen in the cliff at Kaohina Point 

(fig. 2), with well-developed parting planes are made up of many wedge- 
planar sets of cross-bedding.

The well-sorted sandstone has mean dip directions that range 

from N. 80° E. to S. 81° B. All the means for the well-sorted sand
stone are within 20 degrees of each other, and strongly suggest similar
ity of conditions of deposition. Consistency factors range from 0.71*6 

to 0.909, and average about 0.8. The high consistency factors may indi

cate that the results are valid. At least 30 measurements should be 

taken to calculate the cross-bed mean direction, but cross-bed measure

ments were limited because of accessibility.

In calculating the mean direction for the eastward dipping 
cross-beds, a low of 15 measurements and a high of 28 measurements at 
individual localities were used. Five mean directions were calculated 

from Kachina Point, Section 2, Section 3, Section 5# and Section 9 *

Ten measurements were taken from similar bedding in the Springdale Sand

stone Member at Moenave. A mean was not calculated for these ten 

measurements, but they are in good agreement with the eastward cross

bedding dip direction found in the Dinosaur Canyon Member. Locally,
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ventifacts are found in this unit of Springdale Sandstone and strongly 

suggest an eoilan Origin for the eastward dipping cross-beds. Besides 
ventifacta, the presence of ripples running down the cross-bed dip di

rection support an eolian origin. The ventifacts range in size from 
about one quarter of an inch to about three-quarters of an inch long, 

and they are the first occurrence of pebbles above the base of the 

Glen Canyon Group,

Weathering

The well-sorted sandstone weathers to a massive knobby cliff 

at Kachina Point. This cliff is capped by a chert conglomerate that 

protects the underlying strata from erosion. Commonly, elongate cal
careous concretions weather out near the top of the cliff. These 

concretions reach lengths of three to four feet where exposed in sec

tion, and are about six inches thick.

General dietribution

The well-sorted sandstone is confined to the southern part of 
the study area. The best and most accessible exposure of the well- 
sorted sandstone is at Kachina Point, but another good exposure is at 

Section 9, though tongues of the poorly sorted sandstone are present 

at this locality. The well-sorted sandstone shows little lateral gra

dation, but rather intertongues northward with the poorly sorted sand

stone, This intertonguing occurs throughout the sixty-mile area from 

Kachina Point to Moenave. However, north of Section 13, the well-sorted 

sandstone occurs, only as isolated lenses that rarely are thicker than
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10 feet, and rarely extend more than a hundred yards laterally. The 

sandstone in these lenses is less well sorted, probably due to re

working with the adjacent poorly sorted sandstone.

Poorly Sorted Sandstone

General statement
Sandstones consisting of poorly sorted coarse- to very fine

grained sandstone and sandy siltstone is concentrated near Moenave, 
and is herein designated the poorly sorted sandstone. The poorly sorted 
sandstone is made up of many stratification types. The most common type 

of bedding is horizontal stratification; less common are ripple-drift 

lamination, and small- to large-scale trough and tabular-planar cross

stratification. These units composed of poorly sorted sandstone tongue 

out and interfinger with the well-sorted sandstone to the south. The 

poorly sorted sandstone weathers to slopes, pillars, and knobby pillars.

Composition

The sandstone is composed of about 10 per cent feldspar, 5-10 

per cent clay, 3-b per cent heavy minerals and carbonate, and the re
mainder, about 80 per cent, is quartz. Although biotite is not normally 

considered a heavy mineral, it is included with the heavy minerals in 

this study. Otherwise, the heavy minerals in the poorly sorted sand

stone are nearly the same as those found in the well-sorted sandstone. 
However, corundum, glaucophane, staurolite, aillimanite, and micas are 

more abundant in the poorly sorted sandstone. Epldote, garnet, anatase,
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augite, and diopaide are leas common in the poorly sorted sandstone.

The feldspars locally show some clay mineral development on their sur

faces, but more commonly are fresh. The carbonate present acts as a 

cementing agent that firmly cements the sandstone.
The clay mineral found in the poorly sorted sandstone is a mo- 

nominerallic montmorlllinold type of clay that is the same as the clay 

in the well-sorted sandstone. The clay was observed in clay balls in 

diameters of & inch to fine grained sand-size. Much of the clay occurs 
in the matrix. In the larger clay balls some coarse-grained sand is 
present, and indicates local reworking of clayey silty sandstones.

The graphic mean diameter of the poorly sorted sandstone is 

0.0960 mm, slightly coarser than the well-sorted sandstone. The sand 

is thus in the very fine grained sandstone range (fig. 7). The inclu

sive standard deviation is I.69 0 which places the sandstone in the 
poorly sorted class. The poorly sorted sandstone is more finely 

skewed than the well-sorted sandstone, even though some coarse-grained 
sand is present.

Bedding structures

The poorly sorted sandstone has store than one type of strati
fication. Horizontal stratification is probably the most common of 

all the stratification types present in the member. It is found in 

sandstones, siltstones, and shaly silts tones of poorly sorted lithology. 

Horizontal stratification ranges in thickness from thinly laminated to 

thick of horizontal laminae. The parting planes between sets of laminae
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are horizontal and smooth. Near the northern end of the study area, 

horizontal stratification becomes very common and forms cosets of fif

teen to twenty feet thick. Southward, horizontal stratification is 

common in the poorly sorted sandstone, but other stratification types 

become more prevalent, especially trough cross-lamination.

Two distinct trough cross-bed types that are differentiated by 
their relative sizes are present in the Dinosaur Canyon Member. A dis

tinct size break in the width of the trough is present. Very few 

troughs were found with widths between U and 10 feet. Small- to medium- 
scale trough cross-bedding range from 1-3 feet wide and 3-6 feet thick. 
In both types of cross-bedding, the laminae have a high angle of dip; 

both types are common north of Section 13.

Small- to medium-scale trough cross-bedding is the more common 

of the two types of trough cross-bedding present, but it was only seen 

in cross-section. Small scale troughs are best seen in ledges, because 

slumping has obscured the bedding on the slopes. Where the member is 

made up of slope-forming sandstones and siltstones, trough cross-bedding 

is probably present, but no trough cross-beds are exposed. Small-scale 

trough cross-beds are commonly associated with other trough cross
bedding.

Large-scale trough cross-bedding is exposed both in plane- 

section and in cross-section. It is found in cross-section only at the 

top of the member between Kachina Point and Dinnebito Wash, where it 

forms a massive straight cliff, but in plane-section it forms large 

spoon-shaped depressions with a few resistant laminae that curve around
t



31

the broader end of the trough and run parallel to the sides of the trough. 

The large-scale trough cross-bedding occurs by itself in association 

with horizontal or ripple drift laminae, and locally cuts through other 

bedding types.
Tabular-planar cross-stratification was only noted in cross- 

section and may be very large scale trough cross-stratification. Sets 

of tabular-planar cross-bedding range from 10-30 feet long and 1-6 feet 
thick. This type of stratification is present in steep slopes that 

form terraces above less resistant slopes. High angle tabular-planar 

cross-bedding is found north of Section 13. Basal contacts of indi

vidual sets are surfaces of erosion that may have as much as one foot 

of relief.

Ripple-drift lamination commonly occurs in ledgy sandstones 

that break up the slopes of the member. Climbing-ripple lamination or 
ripple-drift lamination is exposed in cross-section in thin- to thick- 

bedded ledgy sandstones. Individual ripples are asymmetric with the 

steep side consistently on the north; the ripple index is usually less 

than 13. Ripple-drift lamination commonly has pseudobedding that dips 
to the south at about 5-10 degrees. At the base of the ripple drift 

is a smooth contact with underlying stratification types and some de
velopment of wavy bedding. The top of the ripple lamination is marked 
by ripples exposed on the surface.

Ripple-lamination is very common in thin- to thick-bedded ledgy 
sandstones north of Section lit. The rather thin character of the rip

ple lamination indicates that the environment in which it formed changed
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rapidly vertically. Ripple lamination can be traced laterally for many 

yards, during which the ledgy character is preserved. The ripple drift 

laminae dip to the north at approximately 1° anomalous to the eastward 
structural dip of the member. The implication is that this northwest 

dip is a depositions! dip. Ripple laminated ledgy sandstones can be 

traced for at least a quarter of a mile, and might be traceable for 
greater distances.

Wavy bedding is a minor bedding type, but is locally an impor
tant stratification type. It is commonly found at the base of ripple 
lamination where it is an intermediate stratification type between hor

izontal lamination and ripple lamination. In other places it may occur 

within cosets of horizontal laminae not related to ripple lamination.

Commonly structureless stratification is present, but it gen

erally can be traced laterally to where it becomes one of the other 

stratification types. Local weathering and lack of good stratification 

form apparent structureless stratification.

The stratification types found within the poorly sorted sand

stone are confined solely to the poorly sorted sandstones. A probable 

cycle of bedding types is composed of from base to top; a diastemic 
unconformity, trough or tabular-planar cross-stratification, horizontal 

lamination, wavy lamination, ripple drift lamination, and horizontal 

lamination. However, this cycle does not occur in all sections, or 

wherever trough cross-stratification is present. It is a generalized 

succession of stratification types. These stratification types are 

found in point bars of the Red River (Harms et. al., 1963) and in the
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Rio Grande River (Harms and Fahnestock, 1965), and are the stratifica

tion associations of the fluvial model of stratification (Visher, 196$; 

and Allen, 196b). Thus a fluvial environment is inferred for the poorly- 

sorted sandstone.

The poorly sorted sandstone is the only rock type that is known 

to contain fossils in the Dinosaur Canyon Member. The only previously 

reported fossil locality between Kachlna Point and Moenave is the Proto- 

sudhus richerdsoni site (Colbert and Mook, 1951) at Dinosaur Canyon. At 

Section lb, plant fossils of fern-like character, and a primitive pine
like needle were found. Poor preservation has kept a definite identi

fication from being made. No other fossils were found except for some 

3-toed dinosaur tracks (fig. 8).

Cross-bed dip directions

Cross-bed dip directions for the poorly sorted sandstone occur 

in trough and tabular-planar cross-bedding, and generally trend N. b9° W. 

Eight mean directions were calculated from eight sections north of Sec

tion 9. The means range from N. 31° W. to S. 86° W. and are based on 
26 to 130 measurements per section. The means for the group range 
through $b degrees, but the S. 86° W. mean is about 20 degrees from 
the nearest mean. Excluding that measurement, the means all fall with

in 20 degrees of N. b9° W., and because they are within 20 degrees of 

each other, they are significantly similar. Dip angles of the cross

beds average about 17 to 18 degrees. Consistency factors range from 

0.072 to 0.722 with an average of about 0.6. The low consistency fac-



FIGURE 8 

DINOSAUR TRACKS

Dinosaur tracks on the terrace developed at the top of the 

Wingate Sandstone at Section H w  Plant fossils resembling pine 

needles were found not far from this spot.
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tor, 0.072, is useless and means that the mean calculated for it is 
also useless. Excluding that low value the lowest consistency factor 

is O.1j30. Because the consistency factors are lower and the means have 
a greater spread, an environment less directional than that which 

deposited the wedge-planar cross-bedding in the well-sorted sandstone 

is inferred (fig. 9 in pocket).
Two of the eight directions calculated for the poorly sorted 

sandstone are anomalous. One consistency factor is so low that it is 
meaningless. The other mean direction;is anomalous in that it has the 

highest consistency factor, yet it falls out of the group of means cal
culated for the poorly sorted sandstone. The direction is southwest, 
and is more nearly similar to directions calculated for the Kayenta 

Formation (Poole, 1961). The northwest directions in the Dinosaur Can

yon are more in agreement with those of the Chinle Formation (Poole, 

1961). Thus, the Dinosaur Canyon has directions that agree more closely 

with the Chinle than with the Kayenta, although the southwest study in

dicates that the change in direction of transport, from Chinle to Kay

enta, may have taken place during Dinosaur Canyon time.

Weathering

The poorly sorted sandstone weathers to terraced slopes, knobby 

pillars, and chert-covered slopes. Ripple-drift lamination typically 

weathers to ledges, whereas large scale troughs typically are so easily 

erodable that they are seen in plane-section on the top of broad ter
races. Horizontal bedding commonly is found in pillars and in slopes. 

Generally the weathering is related to clay content. Sandstones with
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less clay are more resistant mainly because of the clay present. The 

clay is an expanding montmorillinoid type.

General distribution
The poorly sorted sandstone is concentrated in the northern 

part of the thesis area, and sorted sandstone intertongues southward 

with the well-sorted sandstone (fig. 10 in pocket). The intertonguing 

occurs throughout the area between Section 13 and Kachina Point. North 

of Section 13 small isolated lenses of well-sorted sandstone are sur

rounded by the ptoorly sorted sandstone. South of Section 13 poorly 
sorted sandstones lie with diastemic unconformities over well-sorted 

sandstone and laterally abut into the well-sorted sandstone. However, 

in places well-sorted sandstone lens out into the poorly sorted sand

stone. Poorly sorted sandstone can be traced to Kachina Point, where 

it occurs at the top of the cliff in a large scale trough cross-bedded 

sandstone. More tongues of poorly sorted sandstone extend southward, 

but they are not as extensive as the one at the top of the member.

Shaly SiItstones
Shaly siltstonee occur in nearly all sections, but they are a 

minor lithologic type. Siltstone comprises less than five per cent 

of the rock types in any given section. The shaly siltstones are bet
ter sorted than the poorly sorted sandstones, contain abundant mica, 
and are similar in mineralogy to the poorly sorted sandstones. Shaly 
siltstones are firmly to poorly cemented, and weather to form slopes 
between sets of poorly sorted sandstone, and to niches in cliffs in 
well-sorted sandstone. The shaly siltstones occur at the top of the 
member in places where the Dinosaur Canyon Member is composed of well
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sorted sandstone. In places where the member Is composed of poorly 

sorted sandstones, the ahaly slltstones are present at various levels 

throughout the section.

Chert Conglomerate

The chert conglomerate is made up of two rock types; they are 

a chert conglomerate and a cherty limestone. They occur at the base 

of the Kayenta Formation from Section 13 south to Kachina Point and 

then eastward to the Hop! Buttes (Harshbarger, et. el., 1957). The 

ohert conglomerate is mostly a chert pebble conglomerate that locally 

may be a cherty limestone. It is made up of UO to 60 per cent red and 

black chert, 20 to 30 per cent medium- to coarse-grained rounded quartz 
sand, and 10 to ho per cent carbonate.

Locally the chert conglomerate occurs as a cherty limestone 

with 60 to 70 per cent carbonate. The limestone is a light gray (N7) 

to medium light gray (N6) dense microcrystalline limestone. Horizon

tal thin bedding to irregular bedding are the common stratification 

types. Within the limestone quartz sand is minor, less than 10 per 

cent. However, chert comprises 20 to ^0 per cent of the cherty lime
stone and occurs in nodules that pinch and swell in the plane of the 
bedding, and were deposited in situ.

Within the chert conglomerate, chert occurs as discrete chert 

pebbles with abundant rounded quartz sand and carbonate matrix. Bed

ding ranges from irregular to horizontal thin beds or to thick sets of 
low angle cross-bedding. In many areas the chert conglomerate grades
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upward from the Dinosaur Canyon Member. In such places the dip angle 

of cross-bedding within the Dinosaur Canyon Member becomes less. Lo

cally thin, 2 to I4 inch thick, chert pebbles and chert nodules of the 
chert conglomerate extend down the high angle cross-bedded sandstones 

of the Dinosaur Canyon Member.

The chert conglomerate was probably deposited in a lake in which 

silica was deposited as chert along with the carbonate. Where the waters 

of the lake were not greatly disrupted, the carbonate was deposited as 
limestone, but where the sediments were reworked by wave activity or 

small streams bringing new material into the lake, the chert conglomer
ate was deposited. The gradational contact is thus one of reworking 

of the Dinosaur Canyon sediments with the lake sediments at the base 
of the Kayenta.



AGE OF THE DINOSAUR CANTON MEMBER

The Dinosaur Canyon Member is questionably placed in the Late 

Triaasic because of differences of opinion regarding the age of the 

fossils found in the member. Within the area of study, only two fossil 

localities have been reported. They are a Protosuchus richardsoni site 

at Dinosaur Canyon (Brown, 1933s Colbert and Hook, 1951), and a Megal- 
osaurus wetherilli site near the town of Moenave (Welles, 195b). The 
Protosuchus site is in the Dinosaur Canyon Memberj the Megaloaaurua 

site is in the overlying Kayenta Formation.

The Megaloaaurua was taken from the lower part of the Kayenta 

Formation, about 25 to 30 feet above the contact between the Dinosaur 

Canyon and the Kayenta. All known Megalosaurus species are Jurassic 

in age, and thus the Kayenta is indicated to be Jurassic in age. How

ever, Swinton (1955, p. 15b), who has worked with Megalosaurs more than 
anyone else has said of Welles' Megalosaurus, "it is not Megalosaurus." 

Because the controversy is still at a standstill, most paleontologists 

agree with Swinton because of his eminence with the group in question.

Protosuchus richardsoni is the only member of the Sub-order 

Protosuchia found outside of South Africa. The presence of Protosuchus 

and tritylodons in the overlying Kayenta Formation near Kayenta, Ari

zona, suggests correlations with the Stormberg Series of South Africa 

which is considered to be equivalent to the Keuper of Late Triassic 

age. A few holestean fish of the genus Semionotus have been found in 

the Moenave. They are Semionotus (Lepidotus) walootti, S. kanabensis,

39
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and Simionotua of. S. gigaa (Lewis, Irwin, and VH.Ison, 1961, p. 1^37). 

Thus, most of the evidence suggests a late Triassic age for the Dino

saur Canyon Member of the Moenave, although an early Jurassic age is 

possible.



CONCLUSIONS

Source Areaa and Environment of Deposition

The poorly sorted sandstone is probably of fluvial origin, and 

was deposited on a surface that sloped towards the northwest. The bed

ding is similar to that found in modern deposits of fluvial origin such 

as the Rio Grande (Harms and Fahnestock, 1965), the Red River (Harms 
et, al, 1963), and the Colorado River (McKee, 1938). The stratification 

is also that proposed for a fluvial model by Visher (1965) and Allen 

(I96I4). The fossil flora and fauna found within the poorly sorted 
sandstone further supports a fluvial origin.

Cross-bedding in the poorly sorted sandstone indicates a pre

dominant sediment transport pattern to the northwest. Variable cur

rent velocities are indicated because of the varied bedding types.

The heavy mineral associations suggest a southern source for the meta- 

morphic minerals, such as the Yavapai Schist and Precambrian diabase 

dikes in the Apache Group in central Arizona. The clays in the sand

stone are triootahedral montmorillinoid clays; they also suggest a 

southern source (Schultz, 1963, p. Ii2), and probably were derived from 

the alteration of volcanic glassy material (Schultz, 1963, p. 39). -A 
fourth indication of a southern source area is the coarse-grained sili

ceous sand to grit at the base of the Springdale Sandstone Member at 

the Moenave Section. The chert in this sandstone may be locally derived 

from the chert conglomerate further south. This also suggests possible
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age equivalents for the base of the Kayenta Formation at Kaohina Point 

to the base of the Springdale Sandstone at Moenave.
All the lines of evidence point to a southern source for the 

member. These results suggest a paleoslope that still reflects the 

paleoslope of the Chinle Formation (Poole, 1961) rather than that of 

the overlying Kayenta Formation (Poole, 1961). The Mogollon Highlands, 

a prominent source for the Chinle Formation, probably were still contri

buting sediment to the depositions! basin of the Dinosaur Canyon. The 
Springdale Sandstone Member of the Moenave Formation has transport di

rections to the southwest and west, and indicates that a change in trans

port direction took place during late Dinosaur Canyon time. It may 

prove profitable to study transport directions in the Dinosaur Canyon 

Further to the north to see if the transport directions swing around 
to the southwest. If the Mogollon Highlands were not very high and 

were not a prominent sediment source, then the most southern areas would 

be those that would reflect the old northwest paleoslope. As the thesis 

area is near the source area, it may have a relict sediment transport 

direction similar to the Chinle Formation.

The well-sorted sandstone is probably of eolian origin. Strati
fication indicates an eolian origin as large scale high angle cross- 

stratification is very common in modem eolian deposits (McKee, 1966). 
High indexed ripples may by themselves be fair environmental indicators 

(Sharp, 1963), but where they trend down the cross-bed surface, they 

are excellent indicators of eolian environments (Poole, 1963)• High 

consistency factors may be fair eolian environmental indicators (Wilson, 

personal communication), but Potter and PettiJohn (1963, p. 68-89 and



table U-2) believe that consistency factors for eolian and fluvio- 
deltaic deposits are similar, and show wider variance than marine 

sediments.
The eastward wind directions agree somewhat with Poole's work 

on the Wingate Sandstone (1962). The Wingate has a dominant southeast 
wind direction, but the directions become more easterly toward the 

southern margin of the Wingate, near the latitudes of this study. Thus, 

wind directions for the latitude near Kachina Point may also have been 
eastward for the Wingate. Poole (19&3) also reports one wind direction 
for the Dinosaur Canyon that has an eastward direction. Kachina Point 

was between north paleolatitudes of 17-27 degrees (Du'.Bois, I96I4) with 
the area probably being closer to 2$ degree north latitude. The Trias- 

sic pole was calculated from samples taken from the Moenkopi Formation, 

the Chinle Formation, and the Wingate Sandstone. The Jurassic pole 

was calculated from samples taken from the Navajo Sandstone (Howell 

and Martinez, 1957). The Triassic pole represents an average for the 

entire period whereas the Jurassic pole represents an Early Jurassic 

to possibly Middle Jurassic time. The Dinosaur Canyon should have a 

paleopole position somewhere between the Triassic and Jurassic pole, 
but possibly closer to the Jurassic because of the stratigraphic units 

chosen for the paleopole study. In both periods the paleolatitudes 

were nearly parallel to present latitudes. Thus, the winds in the area 

should have a southwest direction if the paleolatitudes were in the 

northeast trade wind belt. Possibly the latitude may have been far 

enough north to be affected by a high pressure cell over the Triassic 

seaways northwest of Arizona. This cell would have produced winds
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with an easterly component over land areas to the east in Arizona. 

Another explanation could be that a local topographic anomaly could 

change the wind patterns to easterly; this anomaly could have been 
the Hogolion Highlands.

The local presence of vantifacts within the Springdale Sand

stone is one of the rare occurrences of pebbles above the base of the 

Glen Canyon Group. The ventifacts, though not studied in detail, are 

about one-half to three-quarters of an inch long and siliceous. They 

may have been locally derived from the chert conglomerate, thus fur
ther supporting a southern source.

The Dinosaur Canyon Member was deposited under drying condi

tions than either the Chinle Formation or the silty facies of the Kay- 

enta Formation. Both have gray shales of probable lake origin and 

have yielded pollen and spores (Krerap, personal communication). Petri

fied wood, although not common in the silty facies of the Kayenta, is 

locally found as poorly preserved partly si Lie if led logs or branches. 

Pollen and spores have not been found in the Dinosaur Canyon (Krerap, 

personal communication). This lack of pollen and spores may be due 

to their destruction by oxidizing conditions during deposition. The 

fact that some primitive pine-like plants were found indicates that 

enough water was present to support plant life. However, plants were 

not abundant enough to act as sediment binders. The presence of dunes 

derived from the poorly sorted sandstones and si Its tones of the Dino

saur Canyon Member shews that plants were not common.
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Fluvial deposits of the Dinosaur Canyon were deposited by ephe

meral streams that flowed predominantly to the northwest. Further north, 

streams may have flowed westward to southwest. Fluvial conditions 
slowly migrated east. During dry times, winds reworked the fluvial de

posits of the Dinosaur Canyon and formed dunes to the east. Continued 

reworking may have removed much of the clay flakes and may actually have 

been a local source for the Wingate. Harshbarger and others (1957# p. 23) 

report that the Dinosaur Canyon intertongues with the youngest strata of 
the Wingate in the western part of the Wingate basin of deposition. The 

well-sorted Dinosaur Canyon may well be an intermediate facies between 

the Wingate Sandstone and the poorly sorted Dinosaur Canyon. As more 

perennial conditions prevailed, the Springdale Sandstone and the Kayenta 

Formation were laid down.

Areas for Future Research

Sediment transport parameters further north in the Dinosaur 

Canyon Member, and further south in the Kayenta should be studied to 

understand more completely the paleogeography of the Late Triassic in 

the Four Corners region. More work should be expended in trying to 

find some definitive fossils for age determination and paleoecologic 

interpretations. Pollen and spores (Palynology) may provide just 

these olues, as they may not be completely destroyed. The chert con

glomerate that covers at least 60 square miles should be studied in 
greater detail as it relates to the change in climate between the 
Dinosaur Canyon and the Kayenta.
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Cross-bedding Dip Directions



Dip Direction of cross-strata 
Dinosaur Canyon Member 
Kaohina Point, Arizona

Dip direction Angle of dip
Stratification

type

S$(® 22 wedge-planar
S76B 20^ wedge-planar
S83E 22 wedge-planar
S30E 23 wedge-planar
N75E 22 wedge-planar
S60E 20£ wedge-planar
S76E 9 wedge-planar
Slt$E 28 wedge-planar
s5oe wedge-planar
n5e 16 wedge-planar
N85E 21 wedge-planar
S60E 23$ wedge-planar
N80B 25 wedge-planar
S52E 25 . wedge-planar
NU5E 23 wedge-planar
NltOE 21- wedge-planar
ni5b 2k wedge-planar
S88e 28 wedge-planar
N76e 2k wedge-planar
S67E 19$ wedge-planar
S75E 18 wedge-planar
N80E 22 wedge-planar
S78B 20 wedge-planar

23 measurements taken and only 11 needed 
for a half range of the mean of 20°.

Average bearing S8l^E 
Consistency factor 0.811 
Average amount of dip 21.9



V-

Dip direotiona of orosa-strata 
Dinosaur Canyon Member

Section two
Stratification

Dip Direction Angle of dip See*
S25E 32 wedge
N29E 23 wedge
NTljE 27 wedge
S31E 17 trough
Sl8w 20 trough
S27E n wedge
sU5e m trough
n55e 17 trough
k65e 23 trough
N80E 11 wedge
N9CE 25 wedge
S65B 23 ripple drift
N90E 13 wedge
S70E 20 wedge
S70E 23 wedge
N50E 25 wedge
N55E 27 wedge
N3$E 17 wedge
N75E 30 wedge
S30E 29 wedge
H8OE 17 wedge
SlSE 19 wedge
N50E 10 wedge
n5oe 21* wedge
S30E 19 wedge
s6o e 22 wedge
s55e 20 wedge
N75E Ik wedge
s65e 19 wedge
N80E 22 wedge

2k readings and 22 readings are needed 
for the half range of the mean to be 20°.

Average bearing N87E
Average dip angle 21.7
Consistency factor 0.811
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Dip direction of cross-atrata
Dinosaur Canyon Member

Section three
Stratification

> direction Angle of dip type

N6E 2 % wedge
N$0E 28 wedge
S60B 21 wedge
S80E 26 wedge
Sl*QE 15 trough
S87E 20 wedge
N61tE 27 wedge
S87E 23i wedge
N^OB 23, wedge
S80E

* 8
trough

S20E wedge
N35B 28 wedge
S60E 23 wedge
sboe 21 wedge
N3W 16 wedge

15 measurements and 17 measurements needed 
for the half range of the mean to be 20°.

Average bearing N80E
Average dip angle 21.9
Consistency factor 0.71*6
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Dip direction of cross-strata
Dinosaur Canyon Member

Section five
Stratification

Dip direction Angle of dip type
s6oe 25 wedge
S82E 17, wedge
si5e 2l*i wedge
S6$E 25 wedge
N75E zh wedge
s58e wedge
S82E wedge
S75E wedge
N75E 30 wedge
N69E 27 wedge
S80E 21 wedge
M60E 20 trough
N87E 23 wedge
n65e 23 wedge
N35e 19 wedge
S83E 26 wedge
N65E 20 wedge
S80E 26 wedge
S60E 21 wedge
N8$E 18 wedge
S7ltE 20 wedge
S79E 23 wedge
N78E 18 wedge

16 wedge
S81E 21 wedge
s55e 2k wedge

26 readings taken and 7 readings are 
needed for half range of the mean to be 20°.

Average bearing S83E 
Average dip angle 21° 
Consistency factor 0.892
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Dip direction of cross-strata 
Canyon Member Moenave Section

Dip Dip Stratification Dip Dip Stratification
direction Angle type Direction Angle type

S87W ripple S57V 16 trough
S23W ripple sstit 25 trough
S87W 8 trough N 23 trough
N38W 22i trough KITE 13, trough
Nii3W 3 trough Nl5tf 16$ trough
NL7W 18 trough «63W lit trough
N10E ripple M62¥ 22 tabular-planar
N68W 19$ trough H27E u* trough
N 17$ trough S30E ripple
N15E 28 tabular-planar H23B 3 trough
N25W 20& trough M27W 30 trough

. N15W 27 trough S12W trough !
N3E 20& trough N87W 10 trough
N2W ripple S25W ripple
N32W ripple N65¥ 20 trough
S32W ripple • M ripple

; h i o w ripple S12W ripple
: H10E 22 trough N90W 1% trough

N67W 26 trough S65W ripple
N88W 18 trough S60W ripple
V ■ 16 trough S55w ripple

: N85E 25 wedge-planar N60W 9 trough
S70W 25 trough NU2W 21 trough

■ n55e 28 tabular-planar N85W 25 trough
M13W 5 trough K83V 23 trough
Nl5w h trough S27E 20 trough
si5w ■■ ripple N W 25 tabular-planar
S10E 17 trough S17V 27 trough

56 measurements of which 33 measurements 
are needed to get a half range of the mean of 20°.

Average bearing 
Average dip angle 
Consistency factor

N66W
18.7°
0.156



Dip direction of cross-strata Dinosaur
Canyon Member of the Hoenave

Moenkopi Wash Section

Dip Dip
Direction Angle

N # E
N30E
N38E
NJ?W
Nl£E 1$

N11W 18
N58W
N30W

21

N20E
N2UE

1L
N1W . 19
N32W 20
NhhW
NhOE
N22E

2I4

N67W 9
n i5w
S86W

21

N7E 18
N75E 26
Nlt6w 21
N22W 18

Strat ifioati on 
type
Lineation
ripple
ripple
trough
ripple
trough
trough
ripple
trough
ripple
trough
trough
trough
ripple
ripple
trough
ripple
trough
ripple
trough
trough
trough
trough

Dip
Direction

Dip
Angle

M76W
S82W

22

H3E 2li
N37E 21
N9W
N27W

13
NltE 19
N2i|W Hi
N66W 17
N8e
S77W

23
N67W 11
N21W 23
N17E 12
Nil#
N31W

35
N13E 15
N^hV
N13W

22

Nh3N 19
NU*W 2ii
N27W
N33E

111

Stratification
type

trough
ripple
trough
trough
trough
ripple
trough
trough
trough
trough
ripple
trough
trough
trough
trough
ripple
trough
trough
ripple
trough
trough
trough
ripple

26 measurements needed for half range of the 
mean to be 20°. I46 measurements were taken.

Average bearing 
Consistency factor 
Average dip angle

N31W
0.13816.1°
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Dip direction of croas-etrata
Dinosaur Canyon Member of the Moenave

Section 8

Dip Dip Stratification Dip Dip Stratification
Direction Angle type Direction Angle type

S67E 26 trough S75E 19 trough
S55E 27 trough N25B 22 trough
N75E 2h trough n65e 18 trough
N20E 21 trough S70B 28 trough
N6$B 16 trough s6o b 22 trough
S60E 19 trough S6$B 15 trough
S75E 23 trough S8i|E 25 trough
S83E 26 trough S6CW ripple
s$w ripple S80W 16 trough
N26V ripple N85W 20 trough
W 18 trough S2CM ripple
S20E lit trough N7CW 21 trough
N9W 11 trough NBOW 16 trough
S20W ripple SIDE 8 trough
S$S 19 trough S6$W 15 trough
show ripple N8W 13 trough
N80W 17 trough S20E 16 trough
S61|W ripple S5B ripple
8$W ripple H2to# ripple
N6£w 20 trough S20W ripple
S85H 16 trough S2liE 13 trough
S30W 19 trough S75W 21 trough
H 2 W 18 trough S20E 22 trough
N6$W 12 trough H3C¥ ripple
s5e 16 trough S@W ripple
s5e 16 trough S23W ripple
s5w 20 trough Slt5w ripple
S76w 18 trough S66W 21 trough
s5w lit trough S69W 15 trough
N52W 19 trough N87V 16 trough
N67W ripple H2CW ripple
N53W 22 trough N38W 19 trough
N15W 18 trough n55v 18 trough
STW 15 trough s 85b 19 trough
N22W ripple S37B 12 trough
S$ltE 23 trough S17V 17 trough
S53W lit trough N17W 23 trough
N57E 21 trough ShTW 11 trough
S16W 15 trough N87E ripple
S19W 16 trough n 5w 27 trough
N20W 16 trough N33$f ripple
N57E 11 trough N20E 8 troughslow 15 trough S36E 16 trough
SliUE 21 trough S50W 15 trough



Dip Dip
Direction Angle

N5ow
n5c¥ 19
N16E 2k
S1$W Hi
SliOE 21
s5ow
NU3B 27
sJjUw 21
N23W 15
H3I4W 21
si5e 11
S13E 18
NI4CW 22
S7$E 28
N67W
s5e
SIDE
H25B 21
N67E 2k
N86b 21
S86e 27

Stratification
type

ripple
trough
trough
trough
trough
ripple
trough
trough
trough
trough
trough
trough
trough
trough
ripple
ripple
ripple
trough
trough
trough
trough

Dip Dip
Direction Angle

N13V 12
N60E 17
N6CW 21
S75b
s3ow

16
nUo w 15
N65w Hi
NltTW 16
N35w - - 13
NliTE 19
330E 9
NL7V 16
Nli7E
S80W

25
N90E
S38W

26

Nt|8E 25
NlOlE 19
H8I4E 27
H7l|E 2k
S80E 26

Stratification
type
trough
trough
trough
trough
ripple
trough
trough
trough
trough
trough
trough
trough
trough
ripple
trough
ripple
trough
trough
trough
trough
trough

130 measurements taken and 130 measurements needed 
for the half range of the mean to be 20°•

Average bearing 
Average dip angle 
Consistency factor

KltfW
18.6°
0.072
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Dip direction of cross-strata
Dinosaur Canyon Member of the Moenave

Section 9
Dip Dip Stratification

Direction Angle type

S85E 31 wedge
nU5e 28 wedge
S85E I9i wedge
N50B 21 wedge
S35E 22 wedge
s5e 20& wedge
S70E 28 wedge
N87E 33, wedge
N83E 23& wedge
S82E 18 wedge
s55e 27 wedge
N60E 19& wedge
N83E 23# wedge
NltljE 21# wedge

28 measurements taken, 
range of the mean to be 20°.

Dip Dip Stratification
Direction Angle type

S70E lh wedge
S70E lit wedge
s55k wedge
M70E wedge
S87E 19 wedge
S60E 15 wedge
s5oe

U
wedge

N70B wedge
N87B 27 wedge
S55E 23 wedge
N55E 23, wedge
s6o e 28& wedge
I62E 18 wedge

17 measurements needed for half

Average bearing S8?E 
Consistency factor 0.909 
Average dip 21.3



Dip direction of cross-strata
Dinosaur Canyon Member of the Moenave

Section 10

Dip Dip Stratification Dip Dip Stratificati
•action Angle type Direction Angle type

N70W 17 trough S35W lit trough
s?5w 18 trough S20W ripple
S25E 16 trough Sh5V ripple
s5w ripple S25W ripple
N60W 16 trough h5o w 21 trough
N65M lit trough show ripple
N85W ripple h i5e 13 trough
H35W IS trough N19W 19 trough
N2ltW ripple k5e ripple
N15W ripple n$e 12 trough
N5M ripple N25W lit trough
NltW 21 trough H33W 19 trough
N55W ripple N12W 19 trough
N36w 18 trough N73V 22 trough
N52W ripple N70W ripple
NitOW 16 trough N3CW ripple
K63W 19 trough H75W lit trough
NU5W 13 trough N85W 20 trough
N$0W 12 trough N80W 18 trough
S75w 17 trough 335W ripple
s i5e 19 trough shew ripple
S$0\i ripple S70V 21 trough
s5e ripple S55W 22 trough
S80W 17 * trough s5w ripple
s6ow 15 trough N60W 15 trough
H75w 13 trough S80W 21 trough
S85w 12 trough s5ow 19 trough
S7$w 18 trough N65w 19 trough
N7CW 21 trough s6ow 2k trough

58 measurements were taken. 33 measurements
were needed for the half range of the mean to be 20c

Average bearing N?8W
Consistency factor O.6I4I
Average dip 17.3



Dip direction of cross-strata
Dinosaur Canyon Member of the Moenave

Dinosaur Canyon Section

57

Dip
Direction

Dip
Angle

N27W 17
S8I4W U*
N75W
S2GW

17

N30E
N33W

16
S75W 19
N65W 16
S63W 13
S7W 12
N85E
Sl*3W

21
N83W 21
S77W
N23W

12
S69W 15
N50W
N80W 18*
S80W
N65W
M70W

19

N90W
N145W

17
N9W 19
S80W 20
Nii5w 16

Stratification
type
trough
trough
trough
ripple
trough
ripple
trough
trough
trough
trough
trough
ripple
trough
trough
ripple
trough
trough
ripple
trough
ripple
ripple
trough
ripple
trough
trough
trough

DipDirection DipAngle
N3bW 19N23E 22S37¥
355E

16
Hl5lSltTV 19
S12E 17H7UW
si5w

21
N18W 17
n5wS5E 19
NUtW 15NL9W 18N314W 17
n55wN15W 18
N6?w 16Nl5w 111N7(M 20N3CW I9iN60V 20N60W 11N75v 18
S7&t 17
n5ow 22

Stratification
type

trough
trough
trough
ripple
trough
ripple
trough
trough
ripple
trough
trough
ripple
trough
trough
trough
trough
ripple
trough
trough
trough
trough
trough
trough
trough
trough
trough

$2 measurements taken. 56 measurements needed 
for a half range of the mean to be 20°.

Average bearing 
Consistency factor 
Average dip

N65W 
0.622 17 .U
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Dip directions of cross-strata
Dinosaur Canyon Member of the Moenave

Section 12

Dip Dip Stratification Dip Dip Stratification
'action Angle type Direction Angle type

N67W 20i trough N83W 9 trough
N8W 12# trough S75W 15 trough
NliOE 7 trough ' H30W ripple
Nlt6w 17 trough N3CE u* trough
N65W ripple N77W 19 trough
N80W 21 trough N2W 21* trough
N7E 16 trough N22W 15 trough
s5w ripple s85w ripple
s5ow I9h trough M25W Ik trough
NUSW 17# trough H68V 21 trough
N85W 22 trough 18 trough
N20E ripple N32W 19 trough
N57W ripple S85v 16 trough
369V 17 trough S70W 17# trough
N73W 15 trough NU*V 12# trough
N21VT 19 trough n5o w 16 trough
N26E 22 trough n6o e 1 # trough
H27W ripple N63W 15 trough
N88W ripple S9CW ripple
S13W ripple S140W 19 trough
N87W 23i trough Sl*8w 15& trough
N55W 19| trough Nl*hw 16 trough
N33W 16# trough N19W ripple
N35E 21 trough N3E ripple
N15W H*, trough HIDE 13 trough
N35w 9f trough s55w 21* trough
NliTW 17# trough

53 measurements taken• 37 measurements needed for
a half range of the mean to be 20°.

Average bearing N55W
Consistency factor 0.51*5
Average dip 16.8



59

Dip directions of cross-strata
Dinosaur Canyon Member of the Moenave

Section 13

Dip Dip Stratification Dip Dip Strut ification
Direction Angle type Direction Angle type

n65e 25i wedge N70E 23i wedge
N # E 26 wedge N75tf 17 trough
s6ow 22 trough N80W 16 trough
N61iW 19 trough S83W ripple
skew 18 trough N15W ri ripple
n55w 18 trough S35W 21 trough
NliCW 2U trough n6c w ripple
SlliE ripple S13W 12 trough
N90W 21 trough N35W 20 trough
n 55w 17 trough S65w Ik trough
N8$W 16 trough NU5W I5n trough
N70W 18 trough S60W 17i trough
s?5w 20 trough nSc w lil trough
N33W 20' trough S80W 23 trough

29 measurements taken. 17 measurements needed for
a half range of the mean to be 20°.

Average bearing 
Consistency factor 
Average dip

S86W
0.722
18.0
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Dip directions of cross-strata
Dinosaur Canyon Member of the Moenave

Section 111
Dip Dip Stratification

Direction Angle type
N20E ripple
S60E 22 trough
N83B ripple
N21W ripple
SiiTW ripple
N65W ripple
N55W 23 trough
N90W 19 trough
S57W 22 trough

. H30E 17 trough
NiiOW ripple

■ n5w ripple
■ N80W ripple

S8CW U» trough
NiillW 17! trough
S65W 13 trough
H13W 21 trough
N90W 18 trough
N75W 22 trough
N5(W 111 trough
NliliW ripple
N2CW ripple
N5w 1|! trough
NliliW 18 trough

; s y 20 trough
s5w ripple
N33W 16 trough
Nl5w 19 trough

Dip Dip Stratification
Direction Angle ______type

trough 
trough 
ripple 
ripple 
trough 
trough 
trough 
trough 
trough 
ripple 
ripple 
trough 
trough 
trough 
ripple 
trough 
trough 
ripple 
trough 
trough 
ripple 
ripple 
trough 
trough 
troughtrough 
trough

needed55 measurements taken. 23 measurements 
for half range of the mean to be 2 0 .

Average bearing N51tW
Consistency factor 0.536
Average dip 17.8

*67E 11
N12W 19
S67W
H26W
N13W 17
S85E 21
N6i|W 16
Mlfitf 18
ni6e 23
N19W
N3CW
N19W 15
M10E 19
n6c w 17
K63V
S8C¥ 12
N35V 19
n5v
NL5W 19!
N25tf 17
N3C¥
N2l#
N9W 15
»65e 23!
S65B 11
N55V
N21W m
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KA.CHINA POINT SECTION, measured up the southern end of Kaohina Point 
at tke souWimsternmost tip of Ciraces Mesa, about 2^ miles west of 
tl» road from Oraibi to Sunrise Trading Post. Long. U O o  53’15" W., 
Lat. 35° 33*20" N.

Measured June, 1966
Feet

Top of section, top of exposure...... ............ — —

Kaywnta Formation (incomplete)«

II4. Pebble conglomerate, pale red purple (5IP6/2),
weathers the same color, fine-grained sand to snail 
pebbles, very poorly sorted; composed of angular to 
subangular red chert, clear and stained quartz, and 
a few dark accessory minerals; firmly cemented, cal
careous j irregularly thin bedded to thinly cross- 
bedded lew angle cross-atratification; flaggy split
ting. Weathers to form a slope and forms the broad 
mesa above the cliff of the Moenave. Basal contact 
sharp and even...........................*....... 6.0

Total incomplete Kiyenta Formation............  6.0

Moenave Formation:
Dinosaur Canyon Member:

13. Sandstone, white (N9), weathers pale red purple 
: (SYP6/2) depending on the degree of surface staining,

very coarse to fine-grained, poorly sorted; composed 
of rounded to subangular clear quartz and clay balls; 
poorly cemented (friable), calcareous; ooset of very 
thickly cross-bedded large scale high angle concave 
wedge-planar cross-stratification; massive splitting; 
weathers to form a cliff. Rare red chert concretions 
are present. Basal contact sharp and even...... . 29.0

12. Siltstone and sandstone. Siltstone, pale red (5R6/2) 
and white (N9), weathering the same colors, medium- 
to very coarse grained, poorly sorted; micaceous; 
firmly cemented, calcareous; horizontally thinly bedded
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10.

9*

to laminatedj forma recess. Sandstone, white (N9), 
very fine grained, well sorted; composed of sub- 
angular clear quartz; firmly to poorly cemented, 
calcareous; horizontally thin bedded. Weathers to 
a recess with the sandstone being slightly more re
sistant. Silts tone to sandstone ratio 10*1......  5.1

Sandstone, pale reddish brown (10R5A) eith some 
white (N9) streaks, weathers the same colors, vezy 
fine grained, well sorted; composed of clear quarts 
with red staining and rare black accessory minerals; 
poorly to firmly cemented, calcareous; ooset of 
thickly cross-bedded medium to large scale high 
angle trough cross-stratification; massive splitting. 
Weathers to form straight cliff. Basal contact 
sharp and even with a 2 mm. thick layer of coarse 
sand that gives a small vuggy appearance to the con
tact............. ................................  32.0
Sandstone, pale reddish brown (10R5A), weathers the 
same color, fine to very fine grained, fair to poorly 
sorted; composed of angular to subangular fresh and 
frosted stained quartz and minor light and dark ac
cessory minerals; firmly cemented, calcareous; ooset 
of very thickly cross-bedded large-scale high-angle 
concave wedge-planar cross-lamination; massive split
ting; weathers to cliff. Basal contact sharp and 
even..............................................  29.0
Sandstone, moderate reddish orange (10B6/8), wea
thers the same color, very coarse silt to coarse 
sand, poorly sorted; composed of angular to sub
rounded fresh and frosted quartz, and minor light 
and dark accessory minerals; firmly cemented, cal
careous; ooset of very thickly cross-bedded large 
scale high angle wedge-planar cross-st ratification.
Blocky splitting; weathers to straight cliff. Basal

Silt stone, gray red (lORii/2), weathers the same 
color with some white (N9) streaks, silt to very 
fine sand, poorly sorted; composed of angular fresh 
stained quartz, and abundant mica and light and 
dark accessory minerals; firmly cemented, calcareous; 
coset of horizontally laminae to thin laminae; shaly 
to flaggy splitting; weathers to a slight recess. 
Basal contact is gradational, and is marked by the

contact sharp and even 57.0

first good siltstone 13.0



7. Sandstone, moderate reddish brown (lORlt/6), weathers 
the sane color, fine to very fine grained, fair- 
sorted; composed of angular to subangular fresh and 
frosted stained quarts, and common light and dark 
accessory minerals; firmly cemented, calcareous; com
posite set of horizontal thin beds and thick-bedded 
low angle large scale trough cros s-stratification; 
blocky splitting; weathers to cliff. Basal contact 
sharp and even........... ........................ 1*6.0

6. Sandstone, pale reddish brown (10R£?/lt), weathers the 
same color, fine to very fine grained, fair-sorted; 
composed of angular to subangular fresh and frosted 
stained quartz, and minor light and dark accessory 
minerals; firmly cemented, calcareous; structureless 
stratification; massive splitting, weathers to cliff.
Basal contact gradational............ ............ 11*.0

5- Sandstone, pale reddish brown (10R£>A), weathers the 
same color, with some white (N9) streaks, medium to 
very fine grained, fair-sorted; composed of subangular 
to subrounded fresh and frosted stained quartz, and com
mon light and dark accessory minerals; firmly cemented, 
calcareous; stratification same as in unit 1; massive 
splitting; weathers to cliff. Basal contact sharp 
and even.......................................... 12.0

1*. Sandstone, pale reddish brown (10R5/1|)> moderate 
reddish orange (10R6/6), weathers the same colors, 
fine to very fine grained with rare medium sand, 
fair-sorted; composed of angular to subangular fresh 
and frosted stained quartz, and minor light and dark 
accessory minerals; firmly cemented, calcareous; 
stratification as in unit 1; massive splitting; 
weathers to knobby cliff. Basal contact sharp and 
even.... .................... .....................  66.0

3. Sandstone, pale reddish brown (10R5A), weathers the 
same color, mostly fine-grained with some very fine 
grains, well-sorted; composed of subangular to angular 
fresh and frosted stained quartz, and common light and 
dark accessory minerals; firmly cemented, calcareous; 
stratification as in unit 1; massive splitting; wea
thers to knobby cliff. Basal contact sharp and even.. 18.0

2. Sandstone, moderate reddish orange (10R6/6), weathers 
the same color, very fine grained, well-sorted; com
posed of angular to subangular fresh and frosted 
stained quartz with minor light and dark accessory
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minerals; firmly cemented, calcareous j strati
fication as in unit lj massive splitting. Wea
thers to knobby cliff. Basal contact sharp and 
even..............................................  20.0

Total of the Dinosaur Canyon Member of the
Moenave Formation............................ 327.1

1. Sandstone, pale reddish brown (10R5A), weathers 
the same color, fine to very fine grained, well- 
sorted; composed of angular to eubanguLar fresh 
and frosted clear and stained quartz and minor 
light and dark accessory minerals; firmly cemented, 
calcareous; coset of very thickly cross-bedded 
large scale high angle concave wedge-planar cross- 
lamination; massive splitting; weathers to straight
cliff. Basal contact sharp and even.............. 23.0

Total of incomplete Wingate Sandstone..... . 23.0
Base of section, base of exposure. .... .......... — —
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SECTION TWO* measured up a large sand dune on the southwest tip of 
braces Mesa about l/3 the distance between Kachina Point and 
Monument Point. Long. 110° 51t* V., Let. 35° 35’ hS” N.

(Measured in June of 1966)
Feet

Top of section, not top of exposure...................  — —

Moenave Formation:
Dinosaur Canyon Member:

13. Sandstone, white (N9) with moderate orange pink 
(10R7/U) surface staining, medium- to very fine
grained, poorly sorted; composed of angular to 
subrounded fresh and frosted quarts, with minor 
light and dark accessory minerals j poorly cemented, 
calcareous; coset of very thickly cross-bedded 
large scale high angle concave wedge-planar cross- 
stratification; massive splitting. Weathers to 
cliff. Basal contact sharp and even, but a gradual 
color change is present due to surface staining... 10.5

12. Sandstone, moderate reddish orange (10R6/6), weathers 
the same color, fine- to very fine grained, fair- to 
well-sorted; composed of angular to subangular fresh 
and minor frosted stained quarts with common light 
and dark accessory minerals; firmly cemented, cal
careous; coset of very thickly cross-bedded large 
scale high angle concave wedge-planar cross-strati
fication; weathers to massive cliff. Basal contact 
sharp and even.... ...............................  10.1

11. Sandstone, pale reddish brown (10R5A), weathers the 
same color, medium- to very fine grained, poorly 
sorted; composed of angular to subangular fresh and 
frosted stained quarts with minor light and dark 
accessory minerals; firmly cemented, calcareous; 
ooset of thinly cross-bedded small and medium scale 
low angle trough cross-stratification; weathers to a mas
sive cliff. Basal contact marked by a slight overhang 
and a 2 mm thick coarse-grained sandstone that gives 
a vuggy appearance........ ....................... 27.0

10. Sandstone, moderate reddish orange (10R6/6), weathers 
the same color, medium- to fine-grained, well-sorted
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composed of angular fresh and minor frosted stained 
quartz, and minor light and dark accessory minerals; 
firmly cemented, calcareousj composite set of struc
tureless and faint large scale high angle wedge- 
planar cross-stratification; weathers to a massive 
cliff with pebble-size calcareous sand concretions 
weathering out. Basal contact sharp and even. This 
unit shows rapid lateral change becoming more cross- 
stratified........................................  21.5

9. Silty sandstone, moderate reddish orange (10R6/6), 
weathers the same color, fine-grained sand to silt, 
poorly sorted; composed of angular to subangular 
fresh and frosted stained quartz and minor light 
and dark accessory minerals; well cemented, cal
careous; composite set of flat thin-bedded, very 
thick bedded structureless, and horizontally thin- 
bedded with a horizontally laminated shaly si Its tone 
of 1/2 foot thickness at the top; weathers to blocky 
cliff. Base sharp and even..............   17.5

8. Sandstone, pale reddish brown (10R5A) streaked
white (N9)» weathers the same color, coarse- to vary 
fine-grained, poorly sorted; composed of rounded 
frosted quartz and smaller fresh and frosted angular 
stained quartz with minor light and dark accessory 
minerals; firmly cemented, calcareous; composite Set 
of wavy, ripple laminated, and horizontal thin bedding; 
weathers to massive cliff. Base sharp and even.... 
mudstone pellets are common but they are non-aligned 
with stratification in bedding.................  1*2.7

7. Sandstone, and siltstone, pale reddish brown (10R5A)> 
weathers the same color, mostly very fine grained 
sand but some coarse silt present, fair- to well- 
sorted; composed of angular fresh and frosted stained 
quartz with minor light and dark accessory minerals; 
firmly cemented, calcareous; composite set of struc
tureless sandstones and horizontally thin-bedded to 
laminated siltstones; weathers to a massive cliff.
Base sharp and even. Calcareous sand concretions of 
pebble size weather out into bizzare knobs..... . 16.8

6. Sandstone, grayish-red (IORI4/2), weathers the same 
color, fine to very fine grained, moderately well- 
sorted; composed of angular to subangular fresh and 
frosted stained quartz with light and dark accessory 
minerals; stratification mostly obscured but seems 
to be a ooset of very thickly cross-bedded large



scale high angle wedge-planar croas-stratifl cation 5 
weathers to a knobby cliff. Base sharp and even..

5. Sandstone, moderate orange pink (10R6.5A.5) streaked 
white (N9), weathers the same color, medium- to fine
grained, fair-sorted3 composed of angular fresh and 
frosted stained quartz with minor light and dark ac
cessory minerals; firmly cemented, calcareous; coset 
of thinly cross-bedded medium to large scale medium 
angle trough cross-stratification; weathers to a 
knobby cliff. Base sharp and even. The top of this 
unit loses its streaky appearance........ .

It, Sandstone, moderate orange pink (10R7A) to moderate 
reddish orange (1086/6), weathers the same color, 
fine- to very fine-grained, well-sorted; composed of 
angular fresh and frosted stained quartz with common 
dark and minor light accessory minerals; firmly ce
mented, calcareous; coset of very thickly cross- 
bedded large scale high angle concave wedge-planar 
cross-stratification; weathers to a knobby cliff. 
Base sharp and even............ ..................

3. Sandstone, pale reddish brown (1QR$A), weathers the 
. same color, fine- to very fine-grained, .well, sorted;

composed of angular fresh and frosted stained quartz 
and minor light and dark accessory minerals; firmly 
cemented, calcareous; coset of very thickly cross- 
bedded large scale high angle straight cross-strati
fication; weathers to rounded massive cliff. Base 
sharp and even.....................................

Total Dinosaur Canyon Member.................
Total Moenave Formation.........................

. .

Wingate Sandstone (incomplete):
. Lukachukai Member (incomplete);

2. Sandstone, pale reddish brown (lOR^/h) * weathers the 
same color, fine- to very fine-grained, well-sorted; 
composed of angular fresh and frosted stained quartz 
with minor light and dark accessory minerals; poorly 
to firmly cemented, calcareous; structureless; 
weathers to rounded massive cliff. Base sharp and 
even............... .......................... .

1. Sandstone, pale reddish brown (10R$A), weathers the 
same color, fine-to very fine grained, well-sorted; 
composed of angular fresh and some frosted stained
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quartz, and minor light and dark accessory mineralsj 
poorly to firmly cemented, calcareousj coset of very 
thickly cross-bedded large-scale high-angle concave 
wedge-planar cross-stratification; weathers to 
rounded massive cliff. Base not exposed.........  9.7

Total incomplete Wingate Sandstone.............  15.3



SECTION THREE, measured up a sand dune on the southwestern side of 
Monument Point near the southwestern tip of Graces Mesa.
Long. 110° 51t' 15" W., Lat. 35° 35' U5" N.

Measured in June of 1966
Feet

Top of section, top of exposure........... ......... — —

Kayenta Formation (incomplete):
17. Chert conglomerate, medium light gray (N6) limestone 

with dark reddish brown (10R3/U) jasper pebbles and 
cobbles and red-stained coarse-grained quartz sand, 
very poorly sorted; composed of very angular chert 
and rounded quartz and feldspar, and rare accessory 
minerals; well cemented, calcareous and siliceous; 
coset of thick bedded horizontal stratification 
weathers to strewn slope, and forms a terrace. Basal 
contact irregular with two feet of relief, but very 
sharp............................................... 6.0

Moenave Formation (incomplete):
Dinosaur Canyon Member (incomplete)i

16. Sandstone, light greenish gray (£GY8/l) with a very 
pale red (10R7/2) surface staining, fine- to medium
grained, fair- to well-sorted; composed of sub
rounded frosted quartz and minor light and dark ac
cessory minerals; poorly cemented, calcareous; coset 
of very thickly cross-bedded large scale high angle 
concave wedge-planar cross-stratification; weathers 
to a rounded cliff. Basal contact sharp and even, 
contact somewhat obscured by surface staining....... 7.1

15. Sandstone, pale reddish brown (10R5/U) with a few 
light greenish gray (5GY8/1) lenses, coarse- to very 
fine grained, poorly sorted; subrounded fresh and 
frosted stained quartz, some grains are etched, with 
minor light and dark accessory minerals; firmly ce
mented, calcareous; coset of very thickly bedded 
large scale high angle concave wedge-planar cross
stratification; weathers to massive cliff. Basal 
contact sharp and even.......... ...................  6.9
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m .  Sandstone, pale reddish brown (10R5>/h), weathers the 
same color, very fine-grained sand with some very 
coarse-grained silt, well-sorted; composed of sub- 
angular to angular fresh and frosted stained quartz, 
with minor light and dark accessory minerals; firmly 
cemented, calcareous; composite set of thickly cross- 
bedded small scale trough cross-stratification at 
the base becoming horizontally thin-bedded at the 
top; weathers to a straight massive cliff. Basal 
contact sharp. Large one foot limy concretions wea
ther out...................... ................... 9*5

13. Sandstone, moderate reddish orange (10R6/6), weathers 
the same color, very fine-grained, well-sorted; com
posed of angular fresh and frosted stained quartz 
with common light and dark accessory minerals, poorly 
to firmly cemented, calcareous; ooset of very thick- 
bedded structureless stratification; weathers to mas
sive cliff with three to six inch angular calcareous 
concretions weathering out on surface. Basal contact 
sharp and even............ ....................... 19*3

12. Sandstone, moderate reddish orange (10R6/6), weathers 
the same color, fine- to very fine-grained with some 
medium grains, fair-sorted; composed of subangular 
slightly frosted and fresh stained quartz with abun
dant light and dark accessory minerals; firmly ce
mented, calcareous; composite set of thickly cross- 
bedded large scale trough and very thickly cross- 
bedded large scale concave high angle wedge-planar 
cross-stratification; weathers to a straight massive 
cliff. Basal contact sharp and even with a 2 mm 
thick layer of coarse loosely cemented sand......  10.6

11. Sandstone, pale reddish brown (10%>/$), weathers the 
same color, fine-grained sand to very coarse-grained 
silt, fair-sorted; composed of subangular to angular 
fresh and slightly frosted stained quarto and minor 
light and dark accessory minerals; poorly cemented 
to firmly cemented, calcareous; set of structureless 
strata; weathers to massive straight cliff with 
hoodoo weathering. Basal contact sharp and even.. lii.b

10. Sandstone, moderate reddish orange (10R6/6) with
grayish red streaks ($RPU/2) and light greenish gray 
(5GY8/1), weathers the same color mostly fine-grained, 
fair- to Well-sorted; composed of subangular fresh 
and slightly frosted stained quartz and common light 
and dark accessory minerals; ooset of very thickly
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cross-bedded large scale high angle concave wedge- 
planar cross-stratification; weathers to a rounded 
knobby cliff. Basal contact sharp and even.... . 18.9

9. Sandstone, moderate reddish orange (10R6/6), weathers 
the same color, fine- to very-fine grained with scat
tered medium grains, fair-sorted; composed of sub- 
angular fresh and minor frosted stained quartz with 
minor light and dark accessory minerals; firmly ce
mented, calcareous; coset of very thickly cross-bedded 
large scale high angle concave cross-stratification; 
weathers to massive cliff. Basal contact sharp and 
even............... «............................. 1*6.5

8. Sandstone, pale reddish brown (10R5/1*), weathers the 
same color, fine- to very fine-grained, well-sorted; 
composed of eubangular freeh and frosted stained quartz 
and common light and dark accessory minerals; firmly 
cemented, calcareous; composite set of thin-bedded 
horizontal stratification and thinly cross-bedded 
small scale low angle trough cross-stratification; 
weathers to massive cliff with the horizontal bedding 
being slightly less resistant. Basal contact sharp, 
but varies over two feet of relief.... ........... 7.6

7. Sandstone, pale reddish brown (10R6/6) with light 
greenish gray (50Y8/1) streaks, weathers the same 
color, fine- to very fine-grained, fair-sorted; com
posed of eubangular fresh and frosted stained quartz 
and minor light and dark accessory minerals; firmly 
cemented, calcareous; coset of very thickly cross- 
bedded large scale high angle concave wedge-planar 
cross-stratification; weathers to a massive rounded 
cliff. Basal contact sharp, but uneven and shows 
minor reworking of the lower unit................  1*6.5

6. Sandstone, moderate reddish orange (10R6/6), weathers 
the same color, very fine-grained, well-sorted; com
posed of angular fresh and frosted stained quartz and 
minor light and dark accessory minerals; composite 
set of thin-bedded horizontal very thick-bedded struc
tureless stratification; weathers to massive cliff.
Basal contact sharp and even.......... ........... 8.2

5. Siltstone, pale reddish brown (10R5/1*)> weathers the 
same color, coarse-grained to very coarse-grained, 
fair-sorted; composed of eubangular frosted stained 
quartz and abundant light and dark accessory minerals; 
firmly cemented, calcareous; coset of horizontally
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laminated and very thin-bedded wavy stratification; 
weathers to form a recess in the cliff. Basal con
tact sharp and even...............................

it. Sandstone, pale reddish brown (lORS/L), weathers 
the same color, mostly fine-grained with minor very 
fine grains, well-sorted; composed of angular 
frosted and fresh stained quartz, minor muscovite 
and minor light and dark accessory minerals; com
posite set of horizontally thin-bedded stratifi
cation and thin-bedded wavy and ripple, lamination 
and very thinly cross-bedded small to medium scale 
low angle trough cross-stratification; weathers 
to a blocky cliff. Basal contact sharp and even.. 25.0

3* Sandstone, pale reddish brown (1QR5A) with grayish 
red purple (5RPU/2) streaks, weathers the same color, 
fine- to very fine-grained, fair-sorted; composed of 
angular fresh and frosted stained quartz and minor 
light and dark accessory minerals; poorly cemented 
(friable), calcareous; coset of very thickly cross- 
bedded large scale high angle concave wedge-planar 
cross-stratification; weathers to a rounded knobby 
cliff. Basal contact sharp and even.............  12.3

2. Sandstone, pale reddish brown (10R5A) with light 
greenish gray (5GY8/L) streaks, weathers the same 
color, fine- to very fine-grained, fair- to well- 
sorted; composed of angular fresh and frosted stained 
quartz with common light and dark accessory minerals; 
poorly cemented (friable), calcareous; coset of very 
thickly cross-bedded large scale high angle wedge- 
planar cross-stratification; weathers to a rounded 
knobby cliff. Basal contact sharp and even......  28.0

1. Sandstone, moderate orange pink (10R6A), weathers 
the same color, medium- to fine-grained, well-sorted; 
composed of angular fresh and frosted stained quartz 
with common light and dark accessory minerals; poorly 
cemented (friable), calcareous; coset of very thickly 
cross-bedded large scale high angle concave wedge- 
planar cross-stratification; weathers to form rounded
knobby cliff. Basal contact buried....... ....... 13.5

Total incomplete Dinosaur Canyon Member.....  275.8
Total incomplete Moenave Formation........... 275.8

Base of section, base of exposure................  .....



DINNEBITO WASH SECTION, measured up the southwestern most prominent 
cliff southof Dinnebito Wash, approximately one idle south of 
Dinnebito Wash. Long. 110° 57* 0" W.j Lat. 35° 37' 30" N. to 
Long. 110° 56' 30" W.j Lat. 35° 37' 30" N.

Measured in June, 1966
Feet

Top of section, top of exposure..................  — —

Kayenta Formation: (Incomplete)
Silty facies: (Incomplete)

12. Siltstone and sandstone. Sandstone, pale reddish 
brown (10R5A) to grayish orange pink (10R8/2), wea
thers the same colors coarse- to very fine-grained, 
poorly sorted; composed of very angular to angular 
fresh and frosted stained quarts with common light 
and dark accessory minerals; coset of thin-bedded 
horizontal stratification; weathers to ledges within 
the predominate siltstones. Siltstone, grayish red 
(10Rlt/2) weathers the same color, coarse silt, fair- 
sorted; composed of angular quartz silt; both are 
firmly cemented by calcite; coset of very thin-bedded 
horizontal stratification; weathers to rounded slopes.
Basal contact sharp, but slightly uneven over the 
underlying chert conglomerate....................  19.8

11. Chert pebble conglomerate, moderate red (5Rk/6) to 
grayish pink (5R8/2), weathers the same colors, 
medium-grained sand to pebble-gravel, very poorly 
sorted; composed of angular chert pebbles and sub
rounded frosted quartz and rounded clay pebble grit, 
firmly cemented, calcareous and siliceous; coset of 
thin-bedded horizontal stratification; weathers to 
a rough rounded slope at the top of the cliff. Basal
contact somewhat indistinct gradational..........  5*6

Total incomplete silty facias.... ........... 2$.U
Total incomplete Kayenta Formation..........  25.h

Moenave Formation: (Incomplete)
Dinosaur Canyon Member: (Incomplete)

10. Sandstone, greyish orange pink (10R8/2), weathers 
moderate orange pink (5YR8/1:), mostly coarse- to 
medium-grained with very fine grained matrix, fair-
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sorted} composed of subrounded frosted quartz and 
common light and dark accessory minerals j firmly 
cemented, calcareous} coset of very thin bedded 
wavy stratification, weathers to a ledge. Basal 
contact sharp and even............. .............. 3-»7

9. Sandstone, grayish orange pink (1QR8/2) to pale red 
(10R6/2), weathers the same colors, very fine grained, 
well-sorted} composed of angular to subangular fresh 
and stained quartz and minor light and dark accessory 
minerals} firmly cemented, calcareous} coset of very 
thin bedded horizontal stratification} weathers to a 
recess. Basal contact sharp and even............  2.1

8. Sandstone, moderate reddish orange to pale reddish 
brown (10RS>.5/5), weathers the same colors, fine- to 
very fine grained and some medium-grained sand, fair- 
sorted; composed of angular fresh and frosted stained 
quartz and common light and dark accessory minerals; 
poorly cemented (friable), calcareous; coset of very 
thickly cross-bedded medium to large scale high angle 
concave wedge-planar cross-stratification; weathers 
to a straight massive cliff. Basal contact sharp and 
even..............................................  39.1

7. Sandstone, pale reddish brown (10R5A) to moderate 
reddish orange (10R6/6), weathers the same color, 
fine- to very fine grained, fair- to well-sorted; 
composed of frosted and stained quartz with minor 
light and dark accessory minerals and some rare clay 
balls of sand size; firmly cemented, calcareous; 
coset of very thickly cross-bedded large scale high 
angle concave wedge-planar cros s-stratification; wea
thers to straight massive cliff. Basal contact sharp, 
but irregular.................     22.9

6. Sandstone, very light gray (N8) and moderate reddish 
orange (10R6/6), weathers the same colors, very fine 
grained, well-sorted; composed of subangular to sub
rounded fresh and frosted stained quartz, mica, and 
common light and dark accessory minerals; firmly ce
mented, calcareous; coset of very thin-bedded hori
zontal stratification; weathers to a slight recess.
Basal contact sharp and even..................... l.U

5. Sandstone, moderate reddish orange (10R6/6), weathers 
the same color, fine to very fine grained, fair- to 
well-sorted; composed of subangular to subrounded 
fresh and frosted stained quartz and common dark ac-
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cessory minerals j firmly cemented, calcareous; coset 
of very thickly cross-bedded large scale high angle 
concave wedge-planar cross-stratification, weathers 
to form rounded massive cliff and rounded slope 
where the unit is exposed as badlands. Basal con
tact sharp and even................. ............. 12.2

li. Sandstone, pale reddish brown (10BS/1<), weathers 
the same color, coarse to very fine grained, fair- 
to poor-sorted; composed of rounded to subrounded 
frosted stained quarts and minor accessory dark min
erals; firmly to poorly cemented, calcareous; coset 
of very thickly cross-bedded large scale high angle 
concave wedge-planar cross-stratification; weathers 
to massive cliff. Basal contact sharp and even... 28.7

3. Sandstone, moderate reddish orange (10R6/6), weathers 
the same oolor, very fine grained, well-sorted; com
posed of subangular fresh stained quarts and rare 
black accessory minerals; firmly to poorly cemented, 
calcareous; composite set of thin-bedded horizontal 
stratification and thinly cross-bedded trough cross- 
stratification; weathers to massive cliff. Basal 
contact sharp and irregular with one foot of relief.. ljl.7

2. Sandstone, moderate reddish orange (10R6/6) to pale 
reddish brown (10R5A), weathers the same colors; 
medium to very fine grained, fair-sorted; composed 
of angular to subangular fresh and frosted stained 
quartz and light and dark accessory minerals; firmly 
cemented, calcareous; coset of thinly cross-bedded 
small to medium scale trough cross-stratification; 
weathers to rounded knobby massive cliff. Basal 
contact sharp and even............. .............. 32.0

1. Sandstone, moderate reddish orange (10R6/6), weathers 
the same color, fine to very fine grained and scattered 
coarse sand grains, poorly sorted, but bimodal; com
posed of subangular to subrounded frosted stained quartz, 
rounded to well rounded clay balls and common light and 
dark accessory minerals; firmly cemented, calcareous; 
coset of very thickly cross-bedded large scale high 
angle concave wedge-planar cross-stratification; wea
thers to form rounded slopes and gullies. Basal con
tact buried............ ........................ 67.2

Total incomplete Dinosaur Canyon Member 
Total incomplete Moenave Formation,....

239.0
239.0

Base of section, base of exposure
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SECTION FIVE, measured just east of prominent box canyon at the south- j
eastern corner of the upper part of Ward Terrace just below the [
Moenkopi Plateau about five miles north of Binnebito Wash. Long. j
1110 1» V., Lat. 35° 38' UO" N. i

measured in July of 1966
Feet

Top of section, nettop of exposure........ ....... ....

Kayenta Formation: (incomplete)

13. Sandstone, gray red (10Rk/2) and pinkish gray (5Y1B/1), 
weathers the same colors, fine-pebble- to fine grained, 
poorly sorted j composed of subangular to subrounded 
frosted and stained quartz and rounded clay balls of 
pebble size and minor light and dark accessory minerals, 
poorly to firmly cemented, calcareous; coasts of thin 
bedded to Laminated horizontal stratificationj weathers 
to ledgy slope with coarser sandstone, thin bedded 
horizontal stratified, forming the ledges. Basal con
tact sharp and even......... ..................... - 1*1.0

— . — • • •

12. Conglomerate, grayish orange pink (10R8/2), mostly
medium- to very fine grained with some coarse grained 
sand, fair-sorted; composed of angular quarts and 
abundant dark accessory minerals, firmly cemented, 
calcareous and siliceous; cosets of thin bedded hori
zontal and wavy stratification; weathers to slope, 
but forms cap of the cliff. Basal contact sharp and
even................................................  11.0

Total incomplete Kayenta Formation........  52.0
Moenave Formation: (incomplete)

Dinosaur Canyon Member: (incomplete)

10, Sandstone, pale reddish brown (10R5A), weathers the 
same color, medium- to very fine grained, poorly 
sorted; composed of angular to subrounded fresh and 
frosted stained quartz with rare light and dark ac
cessory minerals, firmly cemented, calcareous; coset 
of very thin bedded horizontal stratification; wea
thers to slope and grades laterally into a silts tone.
Basal contact gradational though one foot........  6.1
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9. Sandstone, pale reddish brown (IQRJj/li) with grayish 
pink (3>R8/2) streaks, commonly weathers to moderate 
orange pink (10R7/U), coarse- to medium-grained, 
fair- to well-sorted; composed of rounded to sub- 
rounded clear and some stained quartz and abundant 
Light accessory minerals, rounded clay balls common, 
poor- to firmly cemented, calcareous; coset of 
thickly cross-bedded medium to large scale high 
angle concave wedge-planar cross-Lamination; weathers 
to massive knobby cliff. Basal contact sharp, but 
shows some reworking of the lower unit...... . 18.5

8. Sandstone, moderate reddish orange (1086/6), wea
thers the same color, fine- to very fine grained, 
well-sorted; composed of angular fresh stained quarts 
and light and dark accessory minerals, firmly cemen
ted, calcareous; coset of thickly to very thickly 
cross-bedded large scale high angle concave wedge- 
planar cross-lamination; weathers to knobby cliff.
Basal contact sharp and often forms an overhang... 16.6

Section offset one mile east
7. Sandstone, pale reddish brown (10R5A), weathers 

the same color, very fine grained, well-sorted; 
composed of angular stained fresh quartz and minor 
dark accessory minerals, firmly cemented, calcareous; 
set of very thickly cross-bedded medium to large 
scale high angle wedge-planar cross-stratification; 
weathers to form massive cliff. Basal contact sharp 
and even................. ..................... 6.1

6. Si It stone, pale reddish brown (1085A )  to moderate 
reddish brown (lGRli/6), weathers the same color, 
medium- to coarse-grained, well-sorted; composed of 
angular stained quartz and clay balls, firmly ce
mented, calcareous; horizontally thin-bedded, wea
thers to nitch in cliff. Basal contact sharp and 
even............. .............. ...............

5. Sandstone, pale reddish brown (1085A )  streaked white 
(89), weathers the same colors, fine- to very fine 
grained, well-sorted; composed of subangular to sub
rounded frosted and fresh stained quartz with minor 
light and dark accessory minerals, firmly cemented, 
calcareous; coset of very thickly cross-bedded Large 
scale high angle wedge-planar cross-lamination; 
weathers to massive knobby cliff. Basal contact 
sharp and even.................................... 29.U

It. Sandstone, moderate reddish orange (10R6/6, weathers
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the same color, fine grained, well-sorted; coepoaed 
of angular stained clear quartz with minor light and 
dark accessory minerals, micaceous, clay common 
along the Laminae, firmly cemented, calcareous; ooset 
of thinly cross-bedded medium to small scale trough 
cross-stratification; weathers to knobby cliff.
Basal contact is even and sharp............ ...... 22.5

3. Sandstone, moderate reddish orange (10R6/6), weathers 
the same color, very fine grained, well-sorted; com
posed of angular clear and stained quartz and minor 
light and dark accessory minerals, micaceous; firmly 
cemented, calcareous; coset of thickly cross-bedded 
large scale high angle wedge-planar cross-lamination; 
weathers to form colusmal massive cliff. Basal con
tact sharp and even........ ................... 27.7

2. Sandstone and silts tone. Sandstone, pale reddish 
brown (10R5A), fine-grained, well-sorted; composed 
of subrounded to subangular clear stained quartz and 
common clay balls. Silt stone, coarse to finer silt 
sizes, poor-sorted; composed of angular stained quartz 
and clay. Firmly cemented, calcareous; composite sets 
of thinly cross-bedded small to medium scale high 
angle tangential trough cross-stratification and thin
ly bedded horizontal lamination; weathers to form mas
sive cliff with some rounded knolls protuding. Basal 
contact sharp and even......... .................. 16.7

1. Sandstone, moderate reddish orange (10R6/6), weathers 
pale reddish brown (10R5A), medium- to fine-grained, 
fair-sorted; composed of angular fresh stained quartz 
and abundant dark and light accessory minerals, firmly 
cemented, calcareous; composite sets of thickly cross- 
bedded medium scale high angle trough and planar 
cross-lamination, small slump blocks of one foot long 
are common at the base and are incorporated into the 
bedding, weathers to rounded massive cliff. Basal con
tact is placed at base of exposure.............. . 12.6

Total incomplete Dinosaur Canyon Member..., 160.7 
Total incomplete Moenave Formation......... 160.7
Base of section, base of exposure.........  — —



MOENAVE SECTION, meaaurod along Reservation Route 1, two miles south 
of Moenave. "Long. Ill0 20• U&' W., Lat. 36° 6» 15" N. to Long. 
Ill0 18» W., Lat. 36° 7' N.

Measured in July, 1966
Feet

Top of section, not top of exposure................  — —

Kayenta Formation* (incomplete)
Silty facies: (incomplete)

19. Siltstone, dusky red ($R3/W mottled pale olive (1QR6/2), 
weathers the same color, mostly clay but some silt, fair- 
sorted; composed of clay and silt sized quartz} well 
cemented, calcareous} coset of very thin-bedded horizontal 
stratification} weathers to a slope. Claystone in 
places shows development into chert. Basal contact 
sharp and even...................................... 23.2

18. Sandstone, pale reddish brown (10RS/U), weathers the 
same color, mostly fine-grained, well-sorted} com
posed of angular to subangular fresh and frosted 
stained quartz abundant dark accessory minerals and 
rare light accessory minerals; firmly cemented, cal
careous; coset of very thickly cross-bedded large 
scale high angle concave wedge-planar cross-strati
fication; weathers to massive ledge. Basal contact 
sharp and even......................................- II4.6

17. Siltstone and sandstone. SiItstone, finer silt and 
clay, poor-sorted; composed of angular stained quarts 
and angular clay balls, firmly cemented, calcareous; 
horizontally very thin-bedded; weathers to rounded 
slope. Sandstone, grayish red (IORI4/2) to pale red
dish brown (lORfj/a), weathers the same color, very 
fine-grained to grit, poorly sorted; composed of 
angular fresh and frosted stained quartz and angular 
siltstone grit particles; poorly cemented (friable), 
calcareous; horizontally thin-bedded; weathers to 
resistant ledges within the siltstones. Basal con
tact sharp and even................... .............. 23.b

16. Sandstone, pale reddish brown (10R£>/b), weathers the 
same color, fine-grained, well-sorted; composed of 
angular fresh and frosted stained quartz and minor



light and dark accessory minerals; poorly cemented 
(friable), calcareous; coset of very thickly cross- 
bedded large scale high angle wedge-planar croes- 
stratificationj weathers to a massive ledge. Basal 
contact sharp and even. .... ................. . 18.Ij

15. Mudstone, grayish red (10RU/2) to pale reddish brown 
(10R5/U), weathers the same color, mostly finer 
silts and clay, but some scattered medium sand grains, 
fair to poorly sorted; composed of angular medium 
sized quartz and clay; poorly cemented (friable), cal
careous; coset of thin- to thick bedded horizontal 
stratification; weathers to a rounded slope with nu
merous recent sand dunes covering the unit. Basal
contact sharp and even.......... .................. 1*5.1*

Total incomplete Kayenta Formation...... . 120.0
Moenave Formation:

Springdale Sandstone Member:
ll*. Sandstone and si It stone. Sandstone, pals reddish 

brown (10R5A) and light greenish gray ($018/1), 
weathers the same colors except some surface stain
ing may color lighter sandstones to the color of 
the dark sandstones (pale reddish brown), fine- to 
very fine grained, fair-sorted; composed of angular 
fresh and frosted stained quartz, and abundant light 
and minor dark accessory minerals; weathers to 
ledges. Siltstone, color same as sandstone, very 
fine grained sand to medium silt, poor-sorted; com
posed of angular frosted and fresh stained quartz 
with minor light and dark accessory minerals; coset 
of very thin-bedded horizontal stratification, wea
thers to rounded slopes. Basal contact sharp and 
even............................................. 20.8

13. Sandstone, moderate reddish orange (10R6/6), weathers 
the same color, very fine grained with rare medium- 
grained sand, well-sorted; composed of subangular stained, 
fresh, and frosted quarts and minor light and dark ac
cessory minerals; poorly cemented, (friable), cal
careous; coset of very thickly cross-bedded large 
scale high angle concave wedge-planar cross-strati
fication; weathers to massive ridges. Basal contact 
shows a four foot thick zone of eoHan reworking. 2b.0

12. Sandstone, light greenish gray (5GY8/1), weathering
to pale red (5B6/2) and moderate red (5R5A), mostly
fine-grained, fair-to well-sorted; composed of sub-
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rounded frosted stained quartz and abundant said matrix* 
firmly cemented, calcareous* composite set of thick- 
to thin-bedded horizontal stratification and thinly 
cross-bedded ripple cross-stratificationj weathers to 
a series of ledges with the ripple laminated sandstone 
forming the ledges. Basal contact sharp and even.. 38.1

11. Sandstone, very pale orange (10R8/2), weathering pale 
red (10R6/2), mostly fine-to very fine grained with 
some coarse and medium-grains concentrated in laminae, 
mostly well-sorted* composed of angular fresh and 
frosted stained quartz and minor accessory minerals* 
firmly cemented, calcareous* composite set of thin- 
to thickly-bedded structureless and horizontal stra
tification* weathers to a slope. Basal contact
sharp and even............... ......................  6.1

Dinosaur Canyon Member Tongue............ . 89.0
10. Sandstone, grayish red (10Rb/2), weathers the same 

color, mostly coarse-grained with common fine
grained pebbles, poorly sorted* composed of rounded 
limestone pebbles and angular frosted quartz* firm
ly cemented, calcareous* composite set of very thin 
bedded horizontal stratification and very thinly 
cross-bedded wavy and ripple croas-stratification* 
weathers to form resistant caps to ridge. Basal 
contact sharp, but cuts down as much as 10 feet Into
underlying unit................... ............... $.6

Total Springdale Sandstone Member..........  9I4.6
Dinosaur Canyon Member:

9. Sandstone, moderate reddish orange (10R6/6), to pale 
reddish brown (10R5A)* weathers the same colors, 
fine- to very fine grained, fair- to well-sorted* 
composed of angular to subangular stained fresh 
quartz, and minor light and dark accessory minerals* 
firmly cemented, calcareous* composite set of thiok- 
to thin-bedded horizontal stratification and thinly 
cross-bedded ripple Lamination and lamination trough 
cross-stratification* weathers to blocky ledges and 
smooth slopes. Basal contact sharp and even,.,,.. $0,k

8. Sandstone, pale reddish brown (10R5A), weathers the 
same color, medium- to fine-grained, fair-sorted* 
composed of angular frosted stained quartz and com
mon light and dark accessory minerals* firmly to
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poorly cemented, calcareous; coset of very thin-
bedded horizontal stratification; weathers to
knobby ledges where capped and smooth slopes were
not. Basal contact sharp and even...............  U.6

7. Sandstone, moderate orange pink (10R7/L), weathers 
to moderate reddish orange (1QR6/6), medium- to fine
grained, well-sorted; composed of very angular to 
angular fresh and frosted stained quartz, abundant 
mica and light and dark accessory minerals; firmly 
cemented, calcareous; composite set of very thin- 
bedded horizontal stratification; weathers to smooth 
slope. Basal contact sharp and even.............  5.6

6. Sandstone, dark reddish brown (1083/lt) to pale red
dish brown (10R5A) t and light greenish gray (5GY8/1), 
weathers the same colors, fine- to very fine-grained, 
fair- to well-sorted; composed of angular fresh 
stained quartz and minor light and dark accessory 
minerals; firmly cemented, calcareous; composite 
set of thin-bedded horizontal stratification and 
thinly cross-bedded trough cross-stratification; 
weathers to blooky pinnacles; Basal contact sharp 
and irregular..................................... 99.2

5. Sandstone, moderate reddish orange (10R6/6), weathers 
the same color, medium- to fine-grained, fair-sorted; 
composed of angular to subangular fresh and some 
frosted stained quartz, and minor light and dark ac
cessory minerals; firmly cemented, calcareous; com
posite set of thin-bedded horizontal and thinly 
cross-bedded ripple and trough cross-stratification; 
weathers to a uniform smooth slope. Small two inch 
wide sandstone dikes fill old crude racks in the finer 
sandstones. Basal contact sharp and even........  Ui.l

U. Sandstone, pale reddish brown (10R5A) to moderate 
reddish orange (10R6/6), weathers the same colors, 
mostly very fine grained with some fine-grained sand, 
well-sorted; composed of subrounded fresh and frosted 
stained quartz with abundant dark accessory minerals; 
poorly cemented (friable), calcareous; composite set 
of thick-bedded to very thin-bedded horizontal strati
fication and thickly cross-bedded to very thinly 
cross-bedded ripple and trough cross-stratification; 
weathers to rounded slopes with some ridges. Basal 
contact sharp, but uneven.... ............... 19.8
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3. Sandstone and siltstone. Sandstone, moderate red
dish orange (10R6/6), weathers the same holer, very 
fine grained sand to very coarse silt, fair-sortedj 
composed of angular frosted stained quartz and minor 
light and dark accessory minerals; firmly cemented, 
calcareous; Siltstone, moderate reddish brown 
(10RL/6), weathers the same color, mostly silt, but 
some very fine grained sand, poorly sorted; composed 
of angular stained quartz and red clay ball concre
tions of silt size; ooset of very thin bedded hori
zontal stratification) weathers to rounded knobby 
cliff. Basal contact sharp and even.............

2. Sandstone, moderate reddish brown (10ltii/6), weathers 
the same color, fine- to very fine grained, fair- 
sorted; composed of angular fresh and frosted 
stained quartz and minor light and dark accessory 
minerals, but abundant mica; firmly cemented, cal
careous; composite set of very thin bedded hori
zontal and structureless stratification and very 
thinly cross-bedded wavy and ripple cross-strati
fication; weathers to blocky ledges within a slope.

Unconformityi relief of between 2 and 5 feet, but mostly very 
even.

Chinle Formation: (unmeasured)
Owl Rock Member: (unmeasured)

1. Siltstone, dark reddish brown to moderate reddish 
brown (10RU/5), weathers the same color, medium silt 

' to clay, fair- to poor-sorted; composed of angular 
quartz and abundant clay, present in the joints; 
firmly cemented, calcareous; coset of very thin- 
bedded horizontal stratification; weathers to 
rounded slopes.

Basal contact sharp and even, 16.6

Total Dinosaur Canyon Member 
Total Moenave Formation.....

21:1.8
3h2.0

Base of section; not base of exposure



MOENKOPI WASH SECTION, measured in a just south of Moenkopi Wash 
about W o  miles south of Reservation Route 1 from Tuba City 
west to intersection with U.S. route 89. Long. 111° 201 0" W., 
Lat. 36° lt5" N.

Measured in July of 1966
Feet

Top of section, not top of exposure..............  —

Sayenta Formation: (incomplete)
Silty facies: (incomplete)

22. Siltstone and sandstone. Siltstone, pale reddish 
brown (10R5A) > greenish gray (5GY6/1), and white 
(N9), weathers the same colors, coarse-grained, 
well-sorted; composed of angular fresh stained 
quartz and common light and dark accessory min
erals, firmly cemented, calcareous; coset of thin- 
bedded horizontal stratification; weathers to 
slope with sandstone Ledges. Sandstone, color 
the same as the silts tone, very fine-grained, well- 
sorted; composition and stratification are the same 
as the siltstone........... .................... 10.8

21. Sandstone and siltstone. Sandstone, pale red
(5R6/2), weathers the same color, medium- to fine
grained, well-sorted; composed of angular fresh and 
frosted stained quartz with abundant light and dark 
accessory minerals; firmly cemented, calcareous.
Siltstone, pale red (10R6/2), weathers the same 
color, mostly silt, but clay and sand present; 
poor-sorted; composed of angular fresh stained 
quartz and abundant light and dark accessory min
erals; firmly cemented, calcareous; composite set 
of very thin-bedded to thin-bedded and thinly cross- 
bedded horizontal, structureless, ripple, and trough 
cross-stratification; weathers to slope with resis
tant ledges. Basal contact sharp and even.......  9*6

20. Siltstone, moderate reddish orange to pale reddish 
brown (10RS.5/5), mostly siltstone with abundant 
fine-grained sand size muscovite, well-sorted; com
posed of silt sized quartz and abundant muscovite 
flakes; firmly cemented, calcareous; composite set 
of thin-bedded horizontal and structureless strati

85



86

fication, and very thinly cross-bedded to thinly 
cross-bedded ripple lamination; weathers to a slope.
Basal contact sharp and even.............. ....... 29.0

19. Sandstone, white (N9) to ligit greenish gray (5GY8/1), 
weathers the same color, fine- to very fine-grained, 
well-sorted; composed of angular to subangular fresh 
and frosted quarts and some medium grained clay balls, 
rare light and dark accessory minerals; poorly ce
mented (friable), calcareous; set of very thick 
bedded structureless stratification; weathers to a 
massive ledge. Basal contact sharp and even...... 6.I4

18. SiItstone and sandstone. SiItstone, dark reddish 
brown (10R3/lt), weathers the same color, mostly silt 
with some very fine-grained sand, poor-sorted; com
posed of angular fresh and frosted stained quartz 
with abundant mica and rare dark accessory minerals; 
firmly cemented, calcareous; coset of thin-bedded 
horizontal stratification; weathers to rounded 
knobby slopes. Sandstone, light greenish gray 
(5GY8/1), weathers the same color as the siltstones, 
fine- to very fine-grained, fair-sorted; same com
position as the siItstones; sets of thin-bedded 
horizontal stratification, weathers to slightly more 
resistant rounded knobs on the slope. Basal contact 
sharp and even........... ........................ 18.0

17. Sandstone, pale red (5R6/2), weathers the same color, 
very fine-grained sand to very coarse grained silt, 
fair-sorted; composed of angular fresh stained quartz, 
fresh mica, and rare light and dark accessory min
erals; firmly cemented, calcareous; coset of thin- 
bedded horizontal and structureless stratification; 
weathers to form badland topography. Basal contact
sharp and even.............. .....................  17.2

Total incomplete Kayenta Formation.........  91.0
Moenave Formationt

Springdale Sandstone Member:

16. Sandstone, moderate reddish orange (10R6/6), weathers 
the same color, fine- to very fine-grained, well-sorted; 
composed of subangular to subrounded fresh and frosted 
stained quartz and minor light and dark accessory min
erals; poorly cemented (friable), calcareous; coset 
of very thickly cross-bedded medium to large scale 
high angle concave wedge-planar cross-stratification;
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weathers to massive small cliff with large elongate 
calcareous concretions resembling snakes. Basal
contact sharp and even,........ ..................  12.7

Total Springdale Sandstone Member..........  12.7
Dinosaur Canyon Membert

15. Siltstone, pale reddish brown (10R5/U), weathers the 
same color, mostly silt and clay with some very fine
grained sand, poor-sortedj composed of clay and silt 
sized quartzj poorly cemented, calcareous and clay; 
coset of laminated to very thin-bedded horizontal 
stratification] weathers to a slope. Basal contact 
sharp and even........ ...........................  U.6

lb. Sandstone, pale reddish brown (10R5A) to moderate 
reddish orange (10R6/6), weathers the same color, 
medium- to very fine-grained, fair-sorted; composed 
of angular fresh stained quartz, fresh mica, and 
rare light and dark accessory minerals; firmly ce
mented, calcareous; coset of thin-bedded horizontal 
stratification; weathers to knobby ledges. Basal 
contact sharp and even.......... .................  22.5

13. Sandstone, light brown (5YR5/6), weathers the same 
color, fine-grained, well-sorted; composed of sub- 
rounded fresh quartz and common light and dark ac
cessory minerals; poorly cemented (friable), cal
careous; set of very thickly cross-bedded medium 
scale high angle concave wedge-planar cross-strati
fication; weathers to form rounded ridges. Basal 
contact sharp..................................... 6.2

12. Sandstone, light brown (5YR5/6), weathers the same 
color, medium- to fine-grained, fair-sorted; com
posed of subangular to subrounded fresh stained 
quartz, and rare light and dark accessory minerals.
Mid rare medium-grained white clay balls; poorly 
cemented (friable), calcareous; ooset of very 
thickly cross-bedded large scale high angle concave 
wedge-planar cross-stratification; weathers to form 
rounded ridges. Basal contact sharp and even....  20.9

11. Sandstone, moderate red (5R$A), weathers the same 
color, fine-grained, well-sorted; composed of sub- 
angular to subrounded fresh and etched stained 
quartz with minor light and dark accessory minerals; 
poorly to firmly cemented, calcareous; set of very
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thick-bedded structureless stratification; weathers
to form a resistant terrace. Basal contact sharp.. 15»7

10. Sandstone, moderate reddish brown (lORlj/6), wea
thers the sac® color, medium- to fine-grained, 
fair-sorted; composed of angular to subangular fresh 
and etched stained quartz, and some mica, and abun
dant light and dark accessory mineralsj poorly to 
firmly cemented, calcareous; composite set of thin- 
to thick-bedded horizontal and structureless stra
tification and thin to thickly cross-bedded trough 
cross-stratification; weathers to slope with a few 
resistant ledges. Basal contact sharp...........  16.8

9. Sandstone, pale reddish brown to moderate reddish 
brown (10Rit.5/5)# weathers the same color, mostly 
fine-to very fine-grained with common coarse "ber
ries", fair-sorted; composed of angular fresh 
stained quarts and rounded stained quartz "berries*, 
and common light and dark accessory minerals; firm
ly cemented, calcareous; composite set of thin-bedded 
horizontal and structureless stratification and 
thinly cross-bedded small scale low angle trough 
cross-stratification; weathers to knobby cliff and 
slope. Basal contact is a ledgy sandstone.......  17.0

8. Sandstone, pale reddish brown (10R5A), weathers the 
same color, very fine-grained sand to very coarse
grained silt, fair- to well-sorted; composed of 
angular fresh stained quartz and common light and 
dark accessory minerals; firmly cemented, calcar
eous; composite set of very thickly cross-bedded 
large scale high angle concave wedge-planar cross
stratification and thinly cross-bedded small scale 
low angle trough and ripple cross-stratification 
and thin-bedded horizontal and structureless, stra
tification; weathers to a series of ledges within a 
straight cliff. Basal contact sharp, but irregular., 29.0

7. Sandstone, pale reddish brown (10R5A), weathers the 
same color, mostly very fine-grained with rare me
dium-grained sand, fair sorted; composed of angular 
fresh stained quartz and minor micaceous minerals, 
common light and dark accessory minerals; poorly ce
mented (friable), calcareous; composite set of thinly 
cross-bedded small scale low angle trough and ripple 
cross-stratification and thin-bedded structureless 
stratification; weathers to a series of slopes and 
ledges with the structureless bedding forming the



slopes or recesses. Basal contact sharp and even.. 29.6

6. Sandstone, pale reddish brown (lORJJ/ii), weathers the 
same color, mostly coarse-grained silt, but common 
fine-grained aand, fair-sorted; composed of angular 
fresh stained quarts, and clay matrix, and rare 
light and dark accessory mineralsj firmly cemented, 
calcareous; coset of medium scale high angle concave 
wedge-planar cross-stratification; weathers to a 
knobby cliff. Basal contact sharp and even......  23.9

5>, Sandstone, moderate reddish brown (10R6/6), weathers 
the same color, mostly very fine-grained with some 
silt, well- to fair-sorted; composed of angular 
fresh and frosted stained quarts and abundant light 
and dark accessory minerals; firmly cemented, cal
careous; composite set of thinly cross-bedded small 
scale low angle trough and ripple cross-stratification 
and thin-bedded structureless stratification; wea
thers to a series of slopes and ledges with the 
structureless bedding forming the slopes. Basal con
tact sharp and marked by trough cross-bedding..... Ul.2

It. Sandstone to ailtstone, grayish red (10Rlt/2), wea
thers the same color, coarse-grained sand to coarse
grained silt, poor-sorted; composed of coarse rounded 
frosted and etched quartz and light and dark acces
sory minerals and fine-grained angular stained quartz 
and light and dark accessory minerals; poorly to 
firmly cemented, calcareous; coset of thin-bedded 
structureless stratification; weathers to form a 
slope. Basal contact sharp and even.............  32.1

3. Sandstone, pale reddish brown (10R5A), weathers the 
same color, very fine-grained, well-sorted; composed 
of angular fresh and frosted stained quarts and minor 
light and dark accessory minerals; composite set of 
thinly cross-bedded small scale low angle trough and 
ripple cross-stratification and thin-bedded struc
tureless stratification; weathers to a series of 
slopes and ledges with the structureless bedding 
forming the slopes. Basal contact sharp on a terrace
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of Wingate.  ..................................... 17.8

Total Dinosaur Canyon Member............ 300.0
Total Moenave Formation.............. . 300.0

Wingate Sandstone:

2. Sandstone, moderate reddish orange (10R6/6), weathers
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the same color, very fine grained, well-sorted; com
posed of angular fresh stained quarts and minor 
light and dark accessory minerals; poorly cemented 
(friable), calcareous; composite set of thin-bedded 
horizontal and structureless stratification and 
thinly cross-bedded small scale low angle trough 
and ripple cross-stratification; weathers to a mas
sive ledge. Basal contact sharp and even........  11.2

Total Wingate Sandstone......... ....... 11.2

Chinle Formation* (unmeasured)
Owl Rode Member* (unmeasured)

1. Mudstone, light brown (5Yl6A)» weathers the same 
color, mostly siltstone, but very fine-grained 
sand and clay are present, poor-sorted; composed 
of angular stained quarts and clay matrix; poorly 
cemented, calcareous; coset of thin-bedded horizon
tal and structureless stratification; weathers to 
rounded smooth slopes.

Base of section; not base of exposure



SECTION EIGHT, measured on a partly covered slope on the northern 
part of Ward Terrace about two miles south of the abandoned 
gravel road that cuts diagonally between U.S. 89 and State 
Route 1. Long. Ill0 201 15" W., Lat. 36° 2* N. to Long. Ill0 
17' W., Lat. 36° 2* N.

Measured in July of 1966
Feet

Top of section, not top of exposure..............  — —

Kayenta Formation: (incomplete)
Silty facies: (incomplete)

9. Mudstone, greenish gray (5GY6/1), grayish red (10Rlt/2) 
and dark reddish brown (10R3A), weathers the same 
colors, fine-grained sand to clay, poor-sorted) com
posed of subrounded quartz sand and silt and clay, 
firmly cemented, calcareous) sandstone, light green
ish gray (SGY8/1), weathering pale reddish brown 
(10R5A), medium- to fine-grained, fair-sorted) com
posed of angular fresh quartz and minor light and 
dark accessory minerals) firmly cemented, calcareous) 
composite set of thin-bedded horizontal stratifica
tion and thick to very thick bedded horizontal and 
structureless stratification) the sandstones often 
weather to slight ledges within the slope forming 
mudstone units. Basal contact sharp and even..... $6.0

Total incomplete Kayenta Formation......... $6.0

Moenave Formation:
Dinosaur Canyon Member: •!

8. Sandstone, light greenish gray ($018/1), weathering 
pale reddish brown (10R$/U)> coarse- to fine-grained, 
poor-sorted; composed of angular to subrounded fresh 
and frosted quartz and abundant light and dark ac
cessory minerals) firmly cemented, calcareous) com
posite set of very thickly cross-bedded low angle 
large scale trough cross-stratification and laterally 
horizontal stratificationj weathers to a massive 
ledge. Basal contact even and very sharp........ $.0

7. Sandstone, moderate reddish brown (IORI4/6), weathers 
the same color, coarse- to very fine-grained, fair- 
to poor-sorted) composed of subrounded to angular
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freah and frosted stained quarts and common light 
and dark accessory minerals; firmly cemented, cal
careous j ooset of thin-bedded horizontal stratifi
cation and thickly cross-bedded large scale high 
angle trough cross-stratification; weathers to a 
massive sandstone* The trough cross-stratification 
is minor. The basal contact is sharp, but has over 
3 feet of relief.................................. 39.2

6. Sandstone, moderate reddish brown (10R5A), weathers 
the same color, fine-grained, well-sorted; composed 
of subangular fresh and frosted stained quartz and 
minor light and dark accessory minerals; firmly ce
mented, calcareous; coset of very thickly cross- 
bedded medium to large scale high angle concave wedge- 
planar cross-stratification; weathers to a rounded 
ledge between more slope forming units. Basal con
tact sharp and even.......... ................. 5.0

5. Sandstone, pale reddish brown (10R5A), weathers the
same color, mostly very fine-grained with some silt, fair- 
sorted; micaceous; composed of subangular frosted stained 
quartz and common light and dark accessory minerals; 
firmly cemented, calcareous; composite set of thin 
to thick-bedded horizontal stratification and thinly 
cross-bedded medium scale high angle tabular-planar 
cross-stratification; weathers to form ledgy bad
lands. Basal contact sharp and uneven over 3 to It 
feet of relief.................. ................. 79.U

it. Sandstone, moderate reddish brown (lOftU/6), weathers 
the same color, medium- to fine-grained, well-sorted; 
composed of subangular fresh and frosted stained 
quartz and abundant light and dark accessory min
erals; firmly cemented, calcareous; composite set 
of thin-bedded horizontal stratification and thinly 
to thickly cross-bedded wavy, ripple and small scale 
trough cross-stratification and very thickly cross- 
bedded large scale high angle trough cross-stratifi
cation; weathers into knobby cliffs. Basal contact 
sharp, but uneven over 10 feet...................  21.8

3. Sandstone, moderate reddish brown (10Rlt/6), weathers 
the same color, mostly very fine-grained, fair- to 
well-sorted; micaceous; composed of angular to sub
angular fresh and frosted stained quartz and minor 
accessory minerals; firmly cemented, calcareous; com
posite set of thin-bedded horizontal stratification 
and thinly cross-bedded wavy, ripple, and small scale



trough oross-stratification) weathers to a ledgy
slope. Basal contact arbitrary, but even........  59.0

2. Sandstone, moderate reddish brown (10Rlt/6), weathers 
the same color, mostly medium-grained, fair-sorted) 
micaceous; composed of angular frosted and some fresh 
stained quartz and minor accessory minerals; firmly 
cemented, calcareous; composite set of thinly cross- 
bedded ripple lamination and thin-bedded horizontal 
stratification; weathers to both knobby massive and 
flaggy steep slopes. Basal contact sharp and even.. It9.lt

Total Dinosaur Canyon Member................  256.8
Total Moenave Formation...................... 258.8

Wingate Sandstone:

1. Sandstone, light brown ($YR$/6), weathers the same 
color, fine- to very fine grained, fair-sorted; com
posed of subangular fresh and frosted stained quartz 
and common accessory minerals; firmly cemented, cal
careous; coset of very thickly cross-bedded medium 
to large scale high angle concave wedge-planar cross- 
stratification; weathers to a massive cliff. Basal 
contact sharp and even with two to three inches of
relief............................................  17.8

Total Wingate Sandstone..... .............. 17.8
Chinle Formation: (unmeasured and undescribed)

Owl Rock Member: (unmeasured and undescribed)



SECTION NINE, measured up the southern side of a prominent ridge that 
extends to the west forming a canyon. Long. Ill0 3 ’ l$n W.,
Lat. 35° 38' 30" N. to Long. Ill0 3' 15" W., Lat. 35° 39' 15" N.

Measured in July of 1966
Feet

Top of section, top of exposure.................. .

Kayenta Formation: (incomplete)
Silty facies: (Incomplete)

17. Chert conglomerate, mottled pale red ($R6/2), black 
(Nl), light greenish gray (5GY8/1), and light brown 
(5YR5/6), weathers the same color, fine-grained a a M  
to pebble-gravel, poor-sortedj composed of chalcedony, 
quartz, and clay balls, all of which have been 
siUnified to chert; well cemented, siliceous; com
posite set of thin-bedded horizontal and thinly 
cross-bedded wavy and low angle cross-stratification; 
weathers to slabby rough slope. Basal contact gra
dational and chert continues down some of the cross-
beds of the underlying unit........................  5.8

Total Kayenta Formation.................. 5*8
Moenave Formation:

Dinosaur Canyon Member:

16. Sandstone, pale reddish brown (10B5A) to light green
ish gray (f>GY8/l), weathers to pale reddish brown 
(lORfj/li) coarse- to very coarse grained with minor 
medium-grained sand, fair- to well-sorted; composed 
of subrounded to rounded frosted and minor fresh 
quartz with minor light and dark accessory minerals; 
poorly to firmly cemented, calcareous; coset of veiy 
thickly cross-bedded medium to large scale high 
angle concave cross-stratification; weathers to mas
sive sloping cliff. Basal contact sharp and slightly 
uneven...............................................  13.$

1$. Sandstone, white (N9), weathers pale reddish brown 
(10R$A), medium grained, well-sorted; composed of 
angular to subangular frosted and some fresh quartz 
and minor light and dark accessory minerals; poorly 
to firmly cemented, calcareous; coset of very thickly
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oroas-betided large to very large scale high angle 
concave wedge-planar and tabular-planar cross
strati float ion j weathers to a massive cliff with 
some limy concretions on the surface. Basal con
tact sharp and even...... ........................ 1*0.2

lk. Sandstone, moderate reddish brown (10Rk/6) streaked 
light greenish gray ($GY8/l), weathers the same 
color, medium- to fine-grained, well-sorted; com
posed of Bubangular frosted and minor fresh stained 
quartz and minor light and dark accessory mineralsj 
firmly cemented, calcareous; coset of thick to very 
thickly cross-bedded medium to large scale high 
angle concave wedge-planar cross-stratification; 
weathers to a columnal massive cliff as the jointing 
is very prominent at this point. Basal contact
sharp and even and forms a slight overhang.... . 25.1

13. Sandstone, pale reddish brown (lORfj/k), weathers the 
same color, mostly fine-grained with common medium
grained sand, well-sorted; composed of angular to 
subangular fresh and frosted stained quartz and com
mon light and dark accessory minerals; poorly ce
mented (friable), calcareous; coset of very thickly 
cross-bedded large scale high angle wedge-planar and 
tabular-planar cross-stratification; weathers to a 
massive cliff. Basal contact sharp and even.....  32.9

12. Sandstone and siltstone. Sandstone, light greenish 
gray ($0Y8/l), weathers the same color, very fine
grained, well-sorted; composed of fresh and frosted 
angular stained quartz and minor light and dark ac
cessory minerals; firmly cemented, calcareous; coset 
of thin to thick-bedded horizontal stratification; 
weathers to blocky ledges. Siltstone. grayish red 
(10Rk/2) to pale reddish brown (10R5/ti), weathers 
the same color, composed of mud, with abundant mica; 
firmly cemented, calcareous; ooset of horizontal 
laminae; weathers shaly and forms a recess. Basal 
contact sharp and even,................. . 8.3

ll. Sandstone, light brown (5YR£>/6), weathers the same 
color, very fine-grained, well-sorted; composed of 
angular fresh and frosted stained quartz and some 
mica, and minor light and dark accessory minerals; 
poorly cemented (friable), calcareous; coset of very 
thickly cross-bedded large scale high angle concave 
wedge-planar and tabular-planar cross-stratification; 
weathers to a massive cliff. Basal contact sharp and
even..............................................  21.0
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10. Sandstone, pale reddish brown (10R5/li) streaked gray 
orange pink (LOR8/2), weathers the same color, me
dium- to fine-grained, fair- to well-sorted; com
posed of angular to subangular frosted and fresh 
stained quarts and abundant light and dark accessory 
mineralsj poorly cemented (friable), calcareousj set 
of very thickly cross-bedded large to medium scale 
high angle concave wedge-planar cross-stratification; 
weathers to a knobby massive cliff. Basal contact 
sharp and even.... ...............................  10.2

9. Sandstone, pale reddish brown (10R5A)# weathers 
moderate reddish orange (10R6/6), very fine-grained 
with some very coarse-grained silt, fair- to well- 
sorted; composed of angular fresh and frosted 
stained quarts with abundant light and dark acces
sory minerals; firmly cemented, calcareous; com
posite set of thin-bedded to thick-bedded horizon
tal and structureless stratification; weathers mas
sive. Basal contact very sharp, but uneven......  11*.6

8. Sandstone, pale reddish brown (10R5A)> weathers the 
same color, very fine-grained with some medium-grains, 
well-sorted; composed of angular fresh and frosted 
stained quartz and common light and dark accessory 
minerals; firmly cemented, calcareous and clay; coset 
of obscure thinly cross-bedded medium scale low angle 
trough cross-stratification; hoodoo weathering and 
forms a knobby cliff. Basal contact sharp, tut not 
even..............................................  6.0

7. Sandstone, moderate reddish brown (lORli/6), weathers 
the same color, fine-grained, fair- to well-sorted; 
composed of angular fresh and frosted stained quartz 
and common Light and dark accessory minerals; firmly 
cemented, calcareous; coset of very thickly cross- 
bedded large scale high angle concave wedge-planar 
cross-stratification; weathers to resistant knobby 
cliff. Basal contact sharp and slightly uneven... 53.0

6. Sandstone, reddish brown (L0H5A) with light greenish 
gray ($GYo/l) streaks, weathers the same color, me
dium- to fine-grained, fair-sorted; composed of an
gular to subangular fresh and frosted stained and 
unstained quarts and abundant light and dark acces
sory minerals; firmly cemented, calcareous; set of 
very thickly cross-bedded large scale high angle con
cave wedge-planar cross-stratification; weathers to 
a slight recess in the cliff, but still forms a cliff.
Basal contact sharp . .... ... ................. 10.0
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5. Sandstone, pale reddish brown (10R5A), weathers 
the same color, coarse- to very fine-grained, 
poor-sortedj composed of angular to rounded fresh 
and tiros ted stained quarts, common clay balls, 
and common light and dark accessory minerals; 
firmly cemented, calcareous; coset of very thickly 
cross-bedded large scale higi angle concave wedge- 
planar csross-stratification; weathers to a knobby 
cliff. Basal contact covered by recent sand dunes.. 23.0

1;. Covered interval............................... . 69.7

3. Sandstone, moderate reddish brown (10Rh/6), weathers 
the same color, mostly medium-grained with common 
fine-grained sand, fair- to well-sorted; composed 
of angular fresh and frosted stained quartz and com
mon light and dark accessory minerals; firmly cemen
ted, calcareous; coset of very thickly cross-bedded 
medium scale high angle wedge-planar cross-stratifi
cation; weathers to rounded slope. Basal contact 
sharp but uneven...... ........................ 2lj.2

2. Sandstone, moderate reddish brown (LORI4/6), weathers 
the same color, medium- to fine-grained, fair-sorted; 
composed of angular frosted stained quartz and abun
dant light and dark accessory minerals; firmly ce
mented, calcareous; coset of thin-bedded horizontal 
stratification; weathers to a rounded slope. Basal 
contact sharp and rests on an erosion surface of 
3-U feet of relief................................ $.8

Total Dinosaur Canyon Member.............  3Wi*0
Total Moenave Formation..............  3itii.O

Wingate Sandstone: (incomplete)
Lukachukai Memberi (incomplete)

1. Sandstone, light brown (5IR5/6), weathers the same 
color, very fine-grained, well-sorted; composed of 
angular fresh and frosted stained quartz and com
mon light and dark accessory minerals; firmly to 
poorly cemented, calcareous; coset of very thickly 
cross-bedded large scale high angle wedge-planar 
cross-stratification; weathers to a rounded slope.
Ripples associated with the wedge-planar cross
bedding tend down the dip of the cross-beds. Basal
contact covered................................... 17.it

Total incomplete Lukachukai Member....  . 17.!*
Total incomplete Wingate Sandstone.... . 17.U
Base of section, base of exposure.... . — —



SECTION TEN, measured over a broad plain that exposes most of the 
Ijinos&ur Canyon Member, about 3 miles north of Dinosaur Canyon. 
Long. 111° 19' 50" W., Lat. 35° 57* 39" N. to Long. 111° 16*
0" W., Lat. 35° 57* 39" N.

Measured in July, 1966

Top of section, not top of exposure..............  — -

Kayenta Formation: (incomplete)
20. Sandstone, pale reddish bream (10R5/li) mottled light 

greenish gray (0QY8/1), weathers the same color, me
dium-grained, fair-sorted; composed of angular fresh 
and frosted stained quarts with common to abundant 
light and dark accessory minerals, firmly cemented, 
calcareous; thin to thick-bedded horizontal strati
fication; weathers to a shabby knobby cliff. Basal 
contact sharp and even........... ................ 10.1*

2l*. Sandstone, pale reddish brown (10R5/b), weathers the 
same color, coarse- to very fine-grained, fair-sorted, 
composed of subrounded to angular frosted and fresh 
stained quartz and common light and minor dark acces
sory minerals; poorly cemented (friable), calcareous; 
very thick-bedded horizontally stratified; hoodoo 
weathering and forms a straight oliff. Basal contact 
sharp........ ....................................  16.7

23. Silty sandstone, pale reddish brown (lOB0/b), wea
thers the same color, mostly very fine-grained sand 
to very coarse-grained silt, but some medium- to 
coarse-sand, poorly sorted; composed of subangular 
frosted and minor fresh stained quartz and rare 
accessory minerals; firmly cemented, calcareous; 
coset of very thick-bedded horizontal stratification; 
weathers to a slope of resistant cliff. Basal con
tact sharp over an erosions!, surface of a few inches.. 6.2

22. Sandstone and siltstone. SiItstone, pale reddish
brown, weathers the same color, coarse sand- to silt, 
poorly sorted; composed of rounded to angular fresh 
and frosted stained quartz and minor light and dark 
accessory minerals; firmly cemented, calcareous.
Sandstone, pale reddish brown (10R£>/b) and light 
greenish gray (5GY8/1), weathers the same colors, 
very fine-grained, well-sorted; composed of angular 
fresh and frosted stained quarto and minor light
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and dark accessory mineralsj firmly cemented, cal
careous; coset of very thin-bedded to laminated 
horizontal stratification; weathers to a slope.
The silts tone layers are only 3-Ii feet thick.
Basal contact sharp.......................... . 23.2
Sandstone, light greenish gray (5GY8/1), weathering 
very pale orange (1088/2) and pale red (1086/2), very 
fine-grained, well-sorted; composed of angular to 
subangular fresh and frosted quartz and rare acces
sory minerals; firmly cemented, calcareous; coset of 
thin-bedded horizontal stratification; weathers to 
a platy slope. Basal contact sharp and even......  3.9
Sandstone, moderate reddish orange (1086/6), weathers 
the same color; very fine-grained, well-sorted; com
posed of angular fresh and frosted stained quartz, 
with minor light and dark accessory minerals; firmly 
cemented, calcareous; composite set of thin-bedded 
small scale low angle trough, ripple and wavy cross- 
stratification ; weathers to a slabby ledgy cliff.
Basal contact very sharp................. ......... 27.3

Total incomplete Khyenta Formation.......... 87.8

Moenave Formation*
Dinosaur Canyon Member:

19. Sandstone, gray red (5Rb/2) mottled light greenish 
gray (5G8/1), weathers to gray red (5W2 ) ,  coarse- 
to very fine-grained, poorly sorted; composed of 
angular to subrounded fresh and frosted stained and 
unstained quartz and rare light and dark accessory 
minerals; poorly cemented (friable), calcareous; 
coset of very thickly cross-bedded Large scale high 
angle concave wedge-planar cross-stratification; 
weathers to a knobby slope. Basal contact sharp 
and fairly even............... .................... 20.2

18. Sandstone, pale reddish brown (K>R5A)> weathers the 
same color, very fine-grained, well-sorted; composed 
of angular fresh and frosted stained quartz and abun
dant light and dark accessory minerals; firmly cemen
ted, calcareous; coset of very thickly cross-bedded 
large scale high angle concave wedge-planar cross- 
stratification; weathers to a knobby slope. Basal 
contact sharp and even......... ................ 2It.7

17. Sandstone, pale reddish brown (10R£>/lt) streaked light
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greenish gray (5QY8/1), weathers tiie sane colors, 
very fine-grained, well-sorted; composed of an
gular frosted stained and unstained quartz and 
minor light and dark accessory mineralsj firmly 
cemented, calcareous; coset of very thickly cross- 
bedded large scale high angle concave wedge-planar 
cross-stratification j weathers to a slope. Basal 
contact sharp.....................................

16. Sandstone, moderate reddish brown (10Rlt/6), weathers 
the same color, medium- to fine-grained, fair-sorted; 
composed of angular frosted and some fresh stained 
quartz and common light and dark accessory minerals; 
poorly cemented (friable), calcareous; coset of vary 
thickly cross-bedded large scale high angle concave 
wedge-planar cross-stratification; hoodoo weathering 
and forms a massive cliff. Basal contact very sharp 
and even............... ..........................

15* Sandstone, light greenish gray (508/1) to pale red
dish brown (1085/1;), weathers the same color, very 
coarse- to very fine grained sand, poorly sorted; 
composed of angular to subrounded fresh and frosted 
stained and unstained quarts and minor light and 
dark accessory minerals; firmly cemented, calcareous; 
set of thickly cross-bedded medium scale high angle 
tabular-planar cross-stratification; weathers to a 
slight recess in the slope. Basal contact sharp 
and regular................... ...................

11;. Sandstone, moderate reddish brown (IORI4/6), weathers 
the same color, medium- to very fine grained mostly 
very fine grained, fair-sorted; composed of sub- 
angular frosted stained quartz and abundant light 
and dark accessory minerals; firmly cemented, cal
careous; composite set of thinly cross-bedded small 
scale trough and ripple cros s-stratification, wea
thers to a platy slope. Unit is a broad lenticular 
deposit...........................................

13. Sandstone, pale reddish brown (10R5/1;), weathers the 
same color, very fine grained, well-sorted; composed 
of angular frosted stained quartz and common light 
and dark accessory minerals; poorly cemented (friable) 
calcareous; composite set of thin to thickly cross- 
bedded trough and ripple cross-stratification and 
thin to thick-bedded horizontal and structureless 
stratification; weathers to an even slope with a 
few small ridges. Bedding becomes thicker toward
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the top. Basal contact sharp and uneven....... . 28.6

12. Sandstone, moderate reddish brown (lORb/6), weathers 
the same color, coarse- to very fine-grained, poorly 
sorted] composed of very angular to subangular fresh 
and minor frosted stained quarts and feldspar, with 
abundant light and dark accessory minerals] firmly 
cemented, calcareous] coset of thick to very thickly 
cross-bedded medium to large Male high angle concave 
wedge-planar cross-stratification] weathers to a flat 
to slightly sloping plain with a few resistant knolls.
Basal contact sharp and even................... . 39.1

11. Sandstone, moderate reddish brown (10R6/6) mottled
light greenish gray ($GY8/l), weathers the same color, 
fine- to very fine grained, well-sorted] composed of 
aubangular to angular fresh and minor frosted quarts 
and common dark accessory minerals] firmly cemented, 
calcareous] composite set of thin-bedded horizontal 
stratification and thinly cross-bedded small scale 
trough and ripple erass-stratification] weathers to 
a long slope. Basal contact sharp and even......  21.1]

10. Sandstone, dark reddish brown (lORj/h) mottled light 
greenish gray (f5Gl8/l), weathers the same color, me
dium- to fine-grained, fair-sorted] composed of an
gular to subrounded fresh and frosted stained quarts 
and abundant dark accessory minerals j firmly cemented, 
calcareous and clay] composite set of thin to thick- 
bedded horisontal and structureless stratification 
and thin to thickly cross-bedded ripple cross-strati
fication] weathers to a ridge with a few small reces
ses. Basal contact sharp and uneven..... ........ 2$.0

9. Sandstone, grayish red (10Rlt/2) and light greenish 
gray ($0X8/1), weathers the same color, gray, very 
fine-grained, well-sorted, red, very coarse to very 
fine-grained, poorly sorted] composed of angular to 
rounded fresh and frosted stained and unstained quarts 
and abundant dark and rare light accessory minerals] 
firmly cemented, calcareous] composite set of thin- 
bedded horizontal stratification and thinly cross- 
bedded wavy, ripple and small scale trough cross-stra
tification] weathers to form a uniform slope. Basal
contact covered.... ....................... . 28.1

8. Covered interval: recent sand dune............... 20.3
7. Sandstone and siltstone. Sandstone, dark reddish 

brown (10R3/U) to light brown ($YR$/6) to grayish



102

orange (10YR7/W, weathers the aaae color, very 
fine-grained, fair- to well-sorted) composed of 
angular fresh and frosted quarts and abundant 
light and dark accessory minerals) firmly cemented, 
calcareous fluid clay. Si Its tone, mostly clay with 
some silt and very fine-grained sand, poor-sorted) 
composed of sand fluid silt si$ed mica and clay)
Firmly cemented, calcareous and clay) composite set 
of thin-bedded horizontal stratification and lamin
ated horizontal stratification) weathers to a ledgy 
slope with the sandstones forming ledges. The clay- 
stone to siltstones are shaly in weathering. Basal 
contact covered..................     16.0

6. Covered interval: play a and sand dune...........  26.14

Total Dinosaur Canyon Member..............  298.8
Total Moenave Formation....................  298.8

Wingate Sandstone:
5. Sandstone, light brown, (5lR5>/6), weathers the same 

color, very fine-grained, well-sorted) composed of 
subangular fresh and frosted stained quarts and 
minor light and dark accessory minerals) poorly to 
firmly cemented, calcareous) composite set of thinly 
cross-bedded small scale trough and ripple cross- 
stratification and thin-betided horizontal strati
fication) weathers massive to blacky, forms ridges.
Basal contact sharp and even........ . 19»2

It. Sandstone, pale reddish brown (10HSA)# weathers the 
same color, fine- to very fine grained, fair-sorted) 
composed of angular to subangular fresh and frosted 
stained quartz and abundant light and dark accessory 
mineralsj firmly cemented, calcareous) composite set 
of thickly cross-bedded wavy and ripple cross-strati
fication and thick to very thick-bedded horizontal 
stratification j weathers massive with linear ridges 
formed by this unit. Basal contact covered in many 
places, but where exposed very sharp.............  20.3

3. Sandstone, pale reddish brown (10R5A)# weathers the 
same color, mostly fine-grained, fair-sorted; com
posed of angular fresh and frosted stained quartz 
and minor light and dark accessory minerals; poorly 
cemented, (friable) calcareous; composite set of 
very thick-bedded horizontal stratification and 
thickly cross-bedded ripple and trough cross-strati-



float ion; weathers to massive rounded knoUe or 
ridges. Basal contact sharp and even............

2. Sandstone, moderate reddish orange (L0B6/6), weathers 
the same color, medium- to fine-grained, fair- to 
well-sortedj composed of angular fresh and minor 
frosted stained quartz and minor accessory mineralsj 
firmly cemented, calcareousj composite set of very 
thickly-bedded horizontal and structureless strati
fication; weathers to form a slope. Basal contact 
sharp and even....................... .............

Total Wingate Sandstone....... ...........
Chinle Formation: (unmeasured)

Owl Rock Member: (unmeasured)

1. Si Its tone, light brown (5H6A)» weathers the same 
color, coarse-grained sand to silt, poorly sorted; 
composed of angular to subrounded frosted stained 
quartz, clay balls and common light and dark acces
sory minerals; poorly cemented, calcareous; comet 
of very thinly-bedded horizontal stratification; 
weathers to form slope. Basal contact not observed..

Base of Motion, not base of exposure



DINOSAUR CANYON SECTION, measured up Ward Terrace about one half mile 
north of Dinosaur Canyon. Long. 111° 19' W., Lat 35° 15' N. to 
Long. 111° 15' W., Lat. 35° 56' 30" N.

Measured in August, 1966

Top of section, not top of exposure. ...........
Kayenta Formation: (incomplete)

20. Chert cor^lomerate, gray red (10Rlt/2) mottled moderate 
orange pink (5YRB/h), weathers the same color, mostly 
a claystone that has been silicified to chert, seemed 
to have been originally a well-sorted claystone; com
posed of reddish color chert; firmly cemented, sili
ceous; coset of originally horizontally laminated 
stratification; weathers to a thin capping for small 
hills and resistant ridges within the Kayenta cliff. 
The chert shows definite claystone origin because 
the claystone has not been completely replaced by 
chert and the chert grades into the clays tone. Basal 
contact sharp and even............. ..............

19. Sandstone and SiItstone. Sandstone, pale red ($86/2), 
weathers the same color, very fine-grained sand to 
very coarse-grained silt, well-sorted; composed of 
angular stained quartz and light and dark accessory 
minerals; well cemented, calcareous. Siltstone to 
clays tone, dark reddish brown (10R3/W, weathers 
the same color, mostly silt with some medium- to 
fine-grained sand, poor-sorted, composed of subangular 
to subrounded frosted and stained quartz of sand 
size and angular stained silt size quartz, firmly 
cemented, clay; coset of thin to thick-bedded hori
zontal stratification; weathers to a series of 
ledges and the siItstones form recesses. Basal con
tact sharp and even........... ...................

18. Siltstone, pale red to grayish red (10R$/2), weathers 
the same color, medium- to coarse-grained silt, fair- 
to well-sorted; composed of stained silt sized quartz; 
firmly cemented, calcareous and clay; composite set 
of very thick-bedded horizontal stratification; wea
thers to a knobby ledge. Laterally the unit becomes 
structureless. Basal contact is gradational.....
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17. Sandstone, pale reddish brown (LORf?A ), weathers the 
same color, very fine-grained, well-sorted; composed 
of angular to eubangul&r frosted and some fresh 
stained quartz and minor light and dark accessory 
minerals; poorly cemented (friable), calcareous; 
coset of very thick-bedded structureless stratifica
tion; weathers to a massive cliff former. Basal 
contact sharp and even............................

16. Mudstone, dark reddish brown (10R3A)# weathers the 
same color, mostly very fine-grained silt, appears 
fair sorted; composed of stained silt sized quartz 
and some gypsum crystals; coset of very thick-bedded 
structureless stratification; weathers to a slope, 
but the swelling properties of the clay cause large 
5-6 foot diameter polygonal mudcrackB. Basal con
tact sharp................. ......................

Total incomplete Kayenta Formation........

Moenave Formation;
Dinosaur Canyon Member:

15. Sandstone, light greenish gray (5GT8/1) mottled 
moderate reddish brown (10Rb/6), weathers the same 
color, very coarse-grained sand to coarse-grained 
silt, poorly sorted; composed of angular fresh and 
some frosted stained quartz and rounded unstained 
quartz and rare accessory minerals; firmly cemented, 
calcareous; composite set of very thickly cross- 
bedded medium scale high angle concave wedge-planar 
cross-stratification and thin-bedded horizontal to 
low angle cross-stratification; weathers to a capping 
on ridges. Basal contact sharp and even.........

ll;. Sandstone, pale reddish brown (10R$/L), weathers the 
same color, medium- to very fine-grained, fair-sorted; 
composed of angular-fresh and frosted stained quarts, 
micaceous, and rare other accessory minerals; firmly 
cemented, calcareous; composite set of very thickly 
cross-bedded large scale high angle concave wedge- 
planar cross-stratification and very thick-bedded 
horizontal stratification and thinly cross-bedded 
ripple stratification; weathers to slope with a few 
scattered ridges or knolls. The reptilian fossil 
Protoauchus richardaoni was found within 20-25 feet 
of the top of the unit. Also, the horizontal and 
ripple stratification are found near the top of the 
unit. Basal contact is obscured by recent sand dunes.
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but the contact was placed at the appearance of the 
last resistant ridge of large scale high angle con
cave wedge-planar cross-stratification before the 
Kayenta......... .................................  79.2

13. Sandstone, pale reddish brown (1085A)» weathers the 
s a m  color, very fine-grained, well-sorted; composed 
of angular fresh and frosted stained quarts and com
mon light and dark accessory minerals; firmly cemen
ted, calcareous; coast of medium to large scale high 
angle concave wedge-planar cross-stratification; 
weathers to a massive ridge forming sandstone. Basal 
contact sharp over a 2.1; foot thick niche forming 
reworked layer. ......... ..................... 21.3

12. Sandstone, moderate reddish brown (IORI4/6), weathers 
the same color, coarse- to fine-grained, poor-sorted; 
composed of subangular to angular frosted stained 
quarts and common light and dark accessory minerals; 
firmly cemented, calcareous; coset of very thickly 
cross-bedded large scale high angle concave wedge- 
planar cross-stratification; weathers to a massive 
slope-former. Basal contact sharp and even......  I6.it

11. Sandstone, pale reddish brown (l(M$/h) to moderate 
reddish orange (10B6/6), weathers the same color, 
very fine-grained, well-sorted; composed of sub- 
angular fresh and frosted stained quarts and common 
light and dark accessory minerals; firmly cemented, 
calcareous; very thickly cross-bedded large scale 
high angle concave wedge-planar croee-atratification 
with some* structureless stratification near the top 
of individual sets of cross-bedding; weathers to a 
resistant ridge former, with some knobby ledges.
Basal contact sharp and even............... . 38.5

10. Sandstone, moderate reddish orange (10R6/6 to light 
brown (5YB5/6), weathers the same color, very fine
grained, well-sorted; composed of subangular fresh 
and frosted stained quartz and common light and dark 
accessory minerals; firmly cemented, calcareous; 
composite set of thick to very thickly cross-bedded 
medium scale high angle concave wedge-planar cross- 
stratification that dips east and thin to thick- 
bedded horizontal stratification and thin to thickly 
cross-bedded wavy, ripple, and trough cross-etrati
fication; weathers to slope with the ledges. The 
ledges are composed of wedge-planar cross-strati
fication. Basal contact sharp and even..........  1*6.3
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9. Sandstone, pale reddish brown (10R5A)> weathers the 

same color, very fine-grained, well-sorted; composed 
of angular fresh and frosted stained quartz and abun
dant light and dark accessory minerals; firmly cemen
ted, calcareous; onset of thinly to thickly cross- 
bedded medium scale medium to high angle tabular 
cross-etratification; weathers to massive ridges.
Basal contact very sharp........ ................. 10.3

8. Sandstone, moderate reddish orange (10B6/6) and light 
greenish gray ($018/1), weathers the same color, very 
fine-grained, well-sorted; composed of angular fresh 
and frosted stained quartz and common light and dark 
accessory minerals; poorly cemented (friable), cal
careous; composite set of thin to thick-bedded hori
zontal stratification and thickly cross-bedded wavy, 
ripple and small scale trough cross-stratification 
with medium scale high angle concave wedge-planar 
cross-stratification surrounded by the other types; 
weathers to a long dip slope. Basal contact sharp
and fairly even................. ......... 1*6.6

Total Dinosaur Caryron Member............ . 266.9
Total Moenave Formation.... ........... 266.9

Wingate Sandstone:

7. Sandstone, light brown (5TR5/6), weathers the same 
color, very fine-grained with some coarse-grained 
"berries", fair- to well-sorted; composed of an
gular to subrounded fresh and frosted stained quartz 
and common light and dark accessory minerals; firmly 
cemented, calcareous; composite set of thickly cross- 
bedded medium scale high angle concave wedge-planar 
cross-stratification and some thin-bedded horizontal 
stratification; weathers to form resistant ridges 
that show almost a hogback appearance with the wedge- 
planar cross-beds dipping to the east. Basal contact 
very sharp and even............................... 8.8

6. Sandstone, moderate reddish orange (1086/6), weathers 
the same color, very fine-grained, well-sorted; com
posed of angular fresh and frosted stained quartz and 
minor light and dark accessory minerals; poorly cemen
ted (friable), calcareous; coset of thin-bedded hori
zontal stratification; weathers to a chert pebble 
covered slope. Basal contact sharp...,.... .

5. Sandstone, pale reddish brown (1085/1*), weathers the
23.3



sarr® color, very fine-grained, well-sorted, composed 
of angular fresh and frosted stained quarts and very 
abundant dark accessory minerals with rare light ac
cessory minerals; firmly cemented, calcareous; com
posite set of thin-bedded horizontal stratification 
and thin to thickly cross-bedded wavy, ripple, and 
small scale trough cross-stratificationj weathers to 
massive bedded slope former. Basal contact sharp, 
but uneven with over one foot of relief........... 7.3

ii. Sandstone, light brown (5YR5/6), weathers the same 
color, very fine-grained, well-sorted; composed of 
subangular fresh and frosted stained and unstained 
quartz and minor light and dark accessory minerals; 
firmly to poorly cemented, calcareous j set of very 
thickly cross-bedded large scale high angle concave 
wedge-planar cross-stratification; weathers to a 
massive cliff. Basal contact sharp.......... 9.6

3. Sandstone, light brown ($lB$/6), weathers the same 
color, very fine-grained, well-sorted; composed of 
angular to subangular fresh and frosted stained quartz 
and minor light and dark accessory minerals; firmly 
cemented, calcareous; composite set of thin-bedded 
horizontal and structureless stratification; wea
thers to a dip slope and forms a terrace. Baaal 
contact sharp and even..... ................ 12.1*

2. Sandstone, light brown (5IR5/6), weathers the same 
color, very fine-grained, well-sorted; composed of 
subangular fresh and tiros ted stained and unstained 
quartz and minor light and dark accessory minerals; 
firmly to poorly cemented, calcareous; coset of 
thick to thin-bedded horizontal stratification; wea
thers to form a slight ridge. Basal contact sharp
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and even.................................... $.8
, Total Wingate Sandstone................  67.2

Chinle Formation: (unmeasured)
Owl Rook Member: (unmeasured)

1. Siltstone, light brown (5TR6/1:), weathers the same color, 
medium-grained silt to clay, fair- to poor-sorted; com
posed of angular quartz and abundant clay, gypsum is 
present in the joints; firmly cemented, calcareous; 
coset of very thin-bedded to laminated horizontal stra
tification; weathers to a shaly slope............

Base of section; not base of exposure...



SECTION TWELVE, measured into a wide canyon at the upper end of Ward 
Terrace just below Moenkopi Plateau about 1$ miles east of Black 
Point. Long. Ill0 7* 20* W., Lat. 35° 1*1* l5n N. to Long 1110 5* 
1$" W., Lat. 35° 1*2' 30* N.

Measured in August, 1966
Feet

Top of section, not top of exposure... .... . — —

Kayenta Formation: (incomplete)
Silty faciesi (incomplete)

11*. Chert conglomerate, mottled pale red (5R6/2), black 
(Nl), light greenish gray ($018/1), and light bream 
(5TR5/6), weathers the same color, mostly coarse to 
very coarse sand with a very fine grained matrix 
and chert pebbles, poor-sorted; composed of sub
rounded frosted quarts and fine pebble sised chert 
that becomes clayey toward edges; very firmly ce
mented, calcareous and siliceous; composite set of 
thin-bedded horizontal stratification and thinly 
cross-bedded low angle crosa-stratification; wea
thers to slabby rounded cliff and forms a broad 
terrace that the Kayenta rests on. Basal contact 
gradational............... ................ . 6.9

Total incomplete Kayenta................. 6.9
Moenave Formation:

Dinosaur Canyon Member:

13. Sandstone, light greenish gray ($QY8/l) and moderate 
reddish brown (10Rj*/6), weathers the same color, me
dium- to very fine-grained, fair-sorted; composed of 
angular fresh and some frosted quarts and common 
light and dark accessory minerals, firmly cemented, 
calcareous; coset of very thickly cross-bedded large 
scale high angle concave wedge-planar cross-strati
fication, weathers to a straight massive cliff.
Basal contact sharp and even....................  1*9.6

12. Sandstone, light brown ($TR$/6), weathers the same 
color, coarse- to very fine-grained, fair-sorted; 
composed of subrounded to angular frosted and some 
fresh quartz and minor light and dark accessory min
erals; firmly cemented, calcareous; coset of very
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thickly cross-bedded large scale high angle concave 
wedge-planar cross-stratification# weathers to a 
massive straight cliff. Basal contact sharp and 
even.......... ........................... ........ 8.1

11. Sandstone, light brown (5XR5/6), weathers the same 
color, very fine-grained, well-sorted# composed of 
angular fresh and frosted stained quarts and common 
light and dark accessory minerals# firmly cemented, 
calcareous # ooset of very thickly cross-bedded 
large scale high angle concave wedge-planar strati
fication# weathers to a massive straight cliff.
Basal contact sharp and even............ ......... 5h»9

10. Sandstone, dark reddish brown (10R3A) streaked light 
greenish gray (5GY8/1), weathers light brown (£>YR5/6), 
medium to coarse-grained, fair-sorted# composed of 
subrounded fresh and frosted stained and unstained 
quartz and minor light and dark accessory minerals# 
poorly cemented (friable), calcareous# coset of very 
thickly cross-bedded large scale high angle concave 
wedge-planar cross-stratification# weathers to a 
knobby cliff. Basal contact sharp, but very uneven 
with 3-U feet of relief.......... ............ 11.5

9. Sandstone, pale reddish brown (lORJj/b), weathers the 
same color fine-grained, well-sorted; composed of 
subrounded fresh and frosted stained quarts and com
mon light and dark accessory minerals # firmly cemen
ted, calcareous# composite set of thin-bedded hori
zontal stratification at the base becoming very 
thick-bedded structureless stratification# weathers 
to a ledgy cliff. Basal contact sharp and regular.. 16.1*

8. Sandstone, pale reddish brown (10R$A), weathers the 
same color, coarse- to fine-grained with silt matrix, 
poor sorted# composed of subrounded fresh and frosted 
stained quarts and common light and dark accessory 
minerals# firmly cemented, calcareous# coset of very 
thickly cross-bedded medium to large scale medium to 
high angle concave wedge-planar and tabular-planar 
cross-stratification; weathers to a knobby cliff.
Basal contact sharp and even..... ............. W*»9

7. Sandstone, dark reddish brown (10R3/1*) streaked light 
greenish gray (5GY8/1), weathers the same color, 
coarse- to medium-grained with a very fine-grained 
matrix, fair-sorted# composed of subrounded frosted 
stained and unstained quartz and common light and
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dark accessory mineralsj firmly cemented, calcareous) 
coset of thickly cross-bedded medium to large scale 
high angle tabular and trough cross-stratification) 
weathers to a knobby cliff. Basal contact sharp and 
even............. ..................... 7b.3

6. SiItstone, pale reddish brown (10R$/b), weathers the 
same color, silt and clay, poor-sorted; composed of 
angular stained quarts and some clay) firmly cemented, 
calcareous) composite set of thin-bedded horizontal 
stratification and thinly cross-bedded small scale 
trough and ripple cross-stratification) weathers to 
ledges and recesses with the ripple cross-lamination 
forming the recesses. Basal contact sharp and fairly 
even.................... .................... . 9*3

5. Sandstone, light brown, (5XB6/U), weathers the same 
color, very fine- to fine-grained, fair-sorted; mica
ceous, composed of angular fresh and frosted stained 
quartz and rare other accessory minerals; firmly 
cemented, calcareous) composite set of thinly cross- 
bedded ripple lamination, thickly cross-bedded small 
to medium scale trough cross-stratification, and a 
six inch thick horizontal stratified si Its tone layer 
that lies about 3 feet above the base of the unit) 
weathers to a massive straight cliff. Basal contact 
is sharp and regular.............. ............... 33.6

It. Si Its tone, moderate brown (5XRbA)» weathers the same 
color, mostly coarse silt with fine-grained sand 
sized mica, fair- to well-sorted) composed of angular 
stained quartz, mica, and rare other accessory min
erals; firmly cemented, calcareous) composite set of 
thin-bedded horizontal stratification and thinly 
cross-bedded wavy and ripple lamination) weathers to 
a ledgy slope. Basal contact is sharp and uneven 
over two feet of relief..........................  17.3

3. Sandstone, light brown (5YR5/6), weathers the same 
color, very fine-grained with some medium-grains, 
very fine-grained with some medium-grains, fMr- 
sorted;'composed of angular frosted stained quartz 
and minor light and dark accessory minerals; firmly 
cemented, calcareous; set of very thickly cross- 
bedded medium to large scale high angle concave 
wedge-planar cross-stratification; weathers to 
ledgy slope. Basal contact sharp and even.......  11.6

2. Sandstone, light brown (5YR5/6), weathers the same
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color, very fine-grained, well-sorted} composed of 
angular fresh and frosted stained quartz and common 
light and dark accessory minerals} firmly cemented, 
calcareous} coset of very thickly cross-bedded large 
to medium scale high angle wedge-planar cross-strati
fication; weathers to massive cliff. Basal contact
sharp and even.......... .........................  10.1

Total Dinosaur Canyon Member..... ........ 353.9
Total Moenave Formation................. . 353.9

Wingate Sandstone:
1. Sandstone, moderate brown (5lBh/h), weathers the same 

color, mostly very fine-grained with coarse-grained 
"berries”, fair-sorted} composed of angular to sub
rounded fresh and frosted stained quarts and common 
light and dark accessory minerals; firmly cemented, 
calcareous $ composite set of thin-bedded horizontal 
stratification and thinly cross-bedded ripple lami
nation (I4O56) and very thickly cross-bedded large 
scale high angle concave wedge-planar cross-strati
fication} hoodoo weathering and forms a massive
cliff. Basal contact sharp and even on Chinle.... 66.1*

Total Wingate Sandstone................... 66.1*
Base of section, base of exposure...... . — —



SECTION THIRTE0J, measured up the southwestern aide of a prominent 
ridge on 'iheliouthwestero side of the Moenkopi Plateau about 20 
miles due east of the town of Gray Mountain. Long. Ill0 10' 1$" 
W., Lat. 35° It6« l^" N. to Long. Ill0 9' W., Lat. 35° 1$" N.

Measured in August, 1966
Feet

Top of section, not top of exposure..............

Kayenta Formation: (Incomplete)
15. Chert conglomerate, pale red (10R6/2) to moderate red

dish orange (10R6/6) mottled light greenish gray 
(5GY8/1), weathers the same color, grit-gravel to 
fine-grained sand, poor-sorted; composed of sub- 
angular to subrounded frosted stained and unstained 
quartz chert and rounded clay balls with minor light 
ami dark accessory minerals; firmly cemented, cal
careous and siliceous; ooset of thin bedded horizon
tal stratification; weathers to a slabhy sloped cliff
former. Basal contact sharp and even............  6.0

Total incomplete Kayenta Formation....... 6 . 0

Moenave Formation:
Dinosaur Canyon Member:

U 4. Sandstone, pale reddish brown (10R5/U) weathers the 
same color, mostly coarse- to medium-grained with 
very fine-grained matrix, fair-sorted; composed of 
angular fresh and frosted stained quartz and abun
dant light and common dark accessory minerals; firm
ly cemented, calcareous; coset of very thickly cross- 
bedded large scale high angle concave wedge-planar 
cross-stratification; weathers to a massive straight 
cliff. Basal contact sharp and even.............  25.8

13. Sandstone, pale reddish brown (10R5A) with very thin 
light greenish gray (5GY8/1) streaks, weathers the 
same color, very coarse- to fine-grained sand, fair- 
sort mi; composed of vary angular and subangular fresh 
and frosted stained quartz and common light and dark 
accessory minerals; firmly cemented, calcareous; com
posite set of thinly cross-bedded ripple lamination 
and trough cross-stratification and thickly to very 
thickly bedded planar cross-stratification with a 
two foot thick mudstone of laminated horizontal stra
tification; weathers to massive cliff. Basal contact 
sharp under erosional surface of planar crosa-strati
ll cation......... ............................... .
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12. Sandstone, light brown weathers the same

color, very fine-grained, we11-sortedj oonpoeed of 
angular fresh and frosted stained quartz and common 
light and dark accessory mineral a j firmly cemented, 
calcareous; composite set of very thickly bedded 
medium to large scale high angle wedge-planar and 
planar oress-atratification; weathers to a massive 
cliff. Basal contact sharp and even.......... . Hi.5

11. ' Sandstone, pale reddish brown (10R5A) with light 
greenish gray (5QY8/1) streaks, weathers the same 
color, coarse- to very fine grained, poor-sorted; 
composed of angular to subrounded frosted stained 
quartz and common light and dark accessory min
erals; firmly cemented, calcareous; composite set 
of thinly cross-bedded wavy and ripple lamination 
and thin-bedded horizontal stratification; weathers 
to slabby ledges. Basal contact sharp, but cuts 
down into lower unit about 6 feet................ 7.1

10. Sandstone, moderate reddish brown (lORli/6), weathers 
the same color, medium- to very fine-grained, fair- 
sorted; composed of angular to subrounded frosted 
stained quarts and rounded clay pellets, and rare 
accessory minerals; firmly cemented, calcareous; 
composite set of (in order upward) thin-bedded 

. horizontal stratification, thin-bedded ripple la
mination, thick bedded structureless stratification, 
and thinly cross-bedded small scale trough cross- 
stratification ; weathers to a massive straight 
cliff. Basal contact sharp and even.......... . 26.0

9. Sandstone, pale reddish brown (10R5/I|) streaked light 
greenish gray ($GY8/l), weathers the same color, fine
grained, well-sorted; composed of angular fresh and 
frosted stained and unstained quartz and rare acces
sory minerals; firmly cemented, calcareous; composite 
set of thick-bedded structureless stratification and 
very thickly cross-bedded medium scale high angle 
concave planar cross-stratification; weathers to 
knobby cliff. Basal contact sharp and even....... 11.9

8. Sandstone, moderate reddish orange (10B6/6) to light 
brown (5YH5/6), weathers the same color, very fine
grained, well-sorted; composed of aubangular fresh 
and frosted stained quartz and common light and dark 
accessory minerals; firmly cemented, calcareous; 
composite set of thin-bedded horizontal and ripple 
stratification and thinly cross-bedded small scale
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low angle trough croaa-atratification; weathers to 
a massive cliff. Basal contact sharp and even.... 10.L

7. Siltstone, light brown (5YR5/6), weathers the same 
color, very coarse-grained silt, well-sorted; com
posed of angular fresh and frosted stained quarts, 
micaceous, and rare accessory minerals; firmly ce
mented, calcareous; composite set of thin-bedded 
horizontal stratification and minor thin-bedded 
ripple lamination; weathers to slabby ledges.
Basal contact uneven over It feet, but sharp......  9.6

6. Sandstone, moderate reddish brown (lORij/6) mottled 
light greenish gray (50Y8/1), weathers the same 
color, mostly fine-grained, fair-sorted; composed 
of angular to subangular fresh and frosted stained 
and unstained quartz and minor light and dark ac
cessory minerals; firmly cemented, calcareous; 
ooset of very thickly cross-bedded large scale 
high angle concave wedge-planar and tabular-planar 
cross-stratification; weathers to a knobby massive 
cliff. Basal contact marked by the great change 
in bedding............ ...........................  29.0

5. Sandstone, moderate reddish brown (10R6/6), weathers 
the same color, very fine-grained with coarse-grained 
"berries”, fair-sorted; composed of subangular fresh 
and frosted stained quartz and common light and dark 
accessory minerals; firmly cemented, calcareous; com
posite set of thick-bedded horizontal stratification 
and thin to thickly cross-bedded wavy, ripple and 
trough cross-stratification; weathers to a straight 
massive cliff. Basal contact is sharp and even... 50.1;

It. Sandstone, pale reddish brown (10R5/It) with thin light 
greenish gray (5or8/l) streaks, weathers the same 
color, mostly medium-grained, fair- to well-sorted; 
composed of subangular fresh and frosted stained 
quartz, micaceous, and common Light and dark acces
sory minerals; firmly cemented, calcareous; coset of 
very thickly cross-bedded medium to large scale high 
angle tabular-planar or planar cross-stratification 
and some contorted bedding; weathers to a knobby
cliff. Basal contact covered....................  11.6

3. Covered interval,................................. 52.0

2. Sandstone, dark reddish brown (10R3A) streaked light
greenish gray (5GY8/1), weathers pale reddish brown
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(10R£>A)# fine- to very fine-grained, well-sorted; cost- 
posed of sub-angular fresh and frosted stained quarts 
and minor light and dark accessory minerals; firmly 
cemented, calcareous 5 coset of very thickly cross- 
bedded medium to large scale high angle wedge-planar 
cross-stratification; weathers to massive knobby ridge
former. Basal contact sharp, and fairly even..... Ii5.lt

Total Dinosaur Canyon Member...............  321.3
Total Moenave Formation.................... 321.3

Wingate Sandstone* (incomplete)

1. Sandstone, light brown ($XR5/6), weathers the same 
color, fine-grained, well-sorted; composed of sub- 
angular frosted stained quartz and minor light and 
dark accessory minerals; firmly cemented, calcareousj 
coset of very thickly cross-bedded large scale high 
angle concave wedge-planar oroas-etestification; 
weathers to a massive straight cliff. Basal contact
covered.  ............. ..........................  37.5

Total incomplete Wingate..................  37.5

Base of section, base of exposure
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SECTION FOURTEEN, measured up the slope of Ward Terrace 12 Miles east 
of Suck Hodges Trading Post. Long. 111° lit1 30" W., Let. 35° L9' 
l&* N. to Long. 111° I V  151. w.. Let. 35° 51’ N.

Measured in August, 1966
Feet

Top of section, top of exposure..................  — —

Kayenta Formation: (incomplete)

13. Siltstone and sandstone. Siltstone, grayish red
(lORli/2), weathers the same color, mostly silt, but 
common medium-grained sand, poor-sorted; composed 
of subangular to subrounded frosted and stained 
quarts and rare accessory minerals; poorly cemented, 
calcareous; coset of very thin-bedded horizontal 
stratification; weathers to a slope. Sands tom, 
moderate reddish brown (10Rlt/6), weathers the same 
color, very coarse- to coarse-grained with a fine
grained matrix, poorly sorted; composed of sub
rounded to subangular frosted stained quartz and 
minor light and dark accessory minerals; firmly 
cemented, calcareous; composite set of thin-bedded 
horizontal atratification and thickly cross-bedded 
medium scale high angle planar cross-stratification 
and thinly cross-bedded ripple and wavy Lamination; 
weathers to ledges within the finer grained slope 
forming si Its tones. Basal contact smooth and even. 50.lt

Total incomplete Kayenta.... ......... 50.lt
Mpenave Formation:

Dinosaur Canyon Member:

12. Sandstone, light greenish gray (5GX8/1), weathering 
grayish red (lORlt/2), mostly very coarse-grained 
with very fine-grained matrix, fair-sorted; composed 
of rounded frosted and rare fresh quartz, clay pel
lets and minor accessory minerals; poorly cemented 
(friable) calcareous; set of thickly cross-bedded 
medium scale medium to high angle concave planar 
oroes-etratification; weathers to slope. Basal 
contact sharp and even........................... 3.0

11. Sandstone, moderate reddish brown (10Rlt/6), weathers
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the same color, medium- to very fine-grained, falr- 
to poor-sorted; composed of subrounded to subangular 
frosted stained quarts and minor accessory minerals j 
firmly cemented, calcareous; coset of thick to thin-bedded 
horizontal stratification; weathers to a slope. Basal 
contact sharp and even........ ................... 12.0

10. Mudstone, moderate brown ($YR$/b), weathers the same 
color, mostly silt with some very fine-grained sand, 
poor-sorted; composed of angular stained quartz; 
firmly cemented, calcareous$ composite set of very 
thickly cross-bedded medium to large scale high 
angle concave planar cross-stratification and thick 
bedded structureless stratificationj weathers to a 
knobby cliff. Basal contact sharp and even......  32.0

9. Sandstone, dark reddish brown (10R3A), weathers the 
same color, medium- to coarse-grained, fair-sorted; 
composed of subangular frosted stained quartz and 
minor accessory minerals; firmly cemented, calcareous; 
coset of very thickly cross-bedded medium to large 
scale high angle concave wedge-planar and planar 
oross-stratification; weathers to a knobby cliff.
Basal contact sharp and evan........ ............. 21.6

8. Sandstone, moderate reddish brown (lORJb/6), weathers 
tiie same color, coarse- to fine-grained, fair-sorted; 
composed of subangular to subrounded frosted stained 
quarts and rounded clay balls, and minor accessory 
minerals; firmly cemented, calcareous; ooset of very 
thickly cross-bedded medium to large scale high angle 
concave wedge-planar and planar cross-stratification; 
weathers to a massive cliff. Basal contact even, 
but not too sharp........ ........................  6.6

7. Sandstone, pale reddish brown (10RS>A) streaked light 
greenish gray ($GY8/l), weathers the same color, very 
fine-grained and very coarse-grained silt; well-sorted 
composed of subangular fresh and frosted stained quartz 
and minor accessory minerals; firmly cemented, cal
careous ; composite set of thin-bedded horizontal strati
fication and thinly cross-bedded small scale trough and 
ripple lamination and one set of thickly cross-bedded 
medium scale high angle wedge-planar or planar cross
stratification ; weathers in straight slabby to massive 
ledges. Basal contact sharp, but varies over 6 feet 
of relief............... .........................  2$.9

6. Sandstone, pale reddish brown (L0E$/U)f weathers the
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same color, mostly fine-grained, fair-sorted; com
posed of subangular frosted stained quartz, mica
ceous, and minor accessory minerals; firmly cemen
ted, calcareous; coset of very thickly cross-bedded 
medium scale high angle planar cross-stratification; 
weathers to a massive straight cliff. Basal con
tact sharp and uneven over 3 feet................  lf>.6

5. Sandstone, moderate brown ($YRV1|)» weathers the same 
color, very fine-grained with mud matrix, poor-sorted; 
composed of angular frosted and fresh stained quarts 
and minor accessory minerals; firmly cemented, cal
careous; composite set of thin-bedded horizontal 
stratification and thinly cross-bedded wavy and rip
ple lamination and small scale trough cross-strati
fication; weathers to knobby and straight ledges.
Basal contact sharp and even. Plant fossil Walchia 
found 8.0 above base of the unit in horizontally 
stratified layer....... ...... ................... II4.I
Sandstone, moderate reddish brown (lOBb/6), weathers 
the same color, medium- to very fine-grained, fair- 
sorted; composed of angular frosted stained quartz 
with rounded mud pellets and common accessory min
erals; firmly cemented, calcareous; composite set 
of thin-bedded horizontal stratification and thickly 
to very thickly cross-bedded medium scale high angle 
planar cross-stratification and some thinly cross- 
bedded ripple lamination; weathers to form a slope.
Basal contact fairly smooth and even, and sharp... 23.7

3. Sandstone, light greenish gray (5GY8/L), weathers 
moderate reddish brown (10R6/6), very fine-grained 
and some rare mediumfgrained sand, fair-sorted; 
micaceous; composed of angular fresh and frosted 
quartz and abundant light accessory minerals; firmly 
cemented, calcareous; coset of very thickly cross- 
bedded medium scale high angle wedge-planar cross
stratification; weathers to a slope. Basal contact 
sharp and even.............. .....................  11.1

2. Sandstone, moderate reddish brown (IORI4/6), weathering 
dark reddish brown (IOR3/I4), medium- to very fine
grained and some silt, fair- to poor-sorted; composed 
of subrounded to angular frosted and some fresh stained 
quartz, micaceous, and common light and dark accessory 
minerals; firmly cemented, calcareous; composite set 
of thin-bedded horizontal stratification and thinly 
cross-bedded ripple lamination and small scale trough
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and thickly cross-bedded large scale trough arose- 
stratification; weathers to slope. Basal contact 
is fairly smooth and even in that no apparent re
lief was noted................... ................. 13.8

Total Dinosaur Canyon Member........... . 179.k
Total Moenave Formation..... ............ 179.lt

Wingate Sandstone i
1. Sandstone, light brown (5YR5/6), weathers the same 

color, at the upper boundary of the unit a thin 
light greenish gray ($0X8/1) sandstone layer is pre
sent, mostly fine-grained with some medium-grained 
sand, fair-sorted; composed of subangular to sub
rounded frosted and fresh stained quarts, clay 
balls, and minor accessory minerals, firmly cemen
ted, calcareous; composite set of thick-bedded 
horizontal stratification and thickly cross-bedded 
wavy, ripple lamination and small and large scale 
trough cross-stratification; weathers to massive 
bedded ledgy cliff former. Basal contact very 
sharp and varies only over a few inches. The top 
sandstone layer has abundant three-toed dinosaur
tracks;............................................  95.2

Total Wingate Sandstone........... ...... 9$.2
Chinle Formations (unmeasured and undescribed) 

Base of section, not base of exposure
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