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CHAPTER I 

INTRODUCTION

Purpose and methods of investigation

The geological investigation presented in this paper is 

a study of the rocks of the Glen Canyon group between Lees 

Ferry and Tuba City, Arizona. The rocks of the Glen Canyon 

group are of Jurassic (?) age. These rocks form the Echo 

Cliffs, which follow the trend of the Echo monocline. Be

cause of the excellent exposures of rocks along the cliffs, 

it was possible to trace the lithologic units between Lees 

Ferry and Tuba City. In addition to a study of general 

geology, special attention was focused on the following 

stratigraphic features: (1) the determination of the nature

and position of the boundary between the Chinle formation of 

Triassic age and the Glen Canyon group of Jurassic (?) age; 

(S) the areal distribution, lithologic changes, both later

ally and vertically, and the economic possibilities of the 

rocks of the Glen Canyon group.

In the Tuba City area, the rocks of this group have a 
distinctive lithologic and topographic expression, different 
here than elsewhere. Because of this, geologists have long 

had difficulty in recognizing the formations within the 

group and in determining their boundaries.
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The Glen Canyon group consists.of three formations,•all 

of continental origin: the Wingate sandstone, the Kayenta

formation, and the Navajo sandstone. These rocks form the 

Echo Cliffs, bordering the western edge of the Kaibito Pla

teau. The Navajo sandstone forms the caprock of nearly the 

entire plateau.

This investigation was initiated in the fall of 1949, 

and continued until the spring of 1951. Field work was 

begun in the first week in June, and terminated the second 

week in September, 1950. The first part of the field work 

consisted of a reconnaissance of the area to determine for-
mational contacts. In the next phase of the work, detailed 

sections were measured, beginning at Lees Ferry where the 

section was best understood, and continued southward across 

the area. The boundaries between rock units were established, 

and 10 geologic sections were measured between Lees Ferry and 

Tuba City. Final work consisted of the mapping of format!onal 

contacts on aerial photographs.

The original intent was to include in this work a study 

of the copper deposits which are located some 30 miles north

east of The Gap (fig. 1 ). Due to inclement weather conditions 

during"the last month of the field season, and lack of trans

portation adequate to traverse the difficult terraine, this 
*

problem was not undertaken.

The most important economic resource found in this arid 

region is ground water. The position of springs, their 

stratigraphic horizons, and their relations to lithology



were determined in the light of possible future development.

Location and accessibility '

The area of this investigation extends from Lees Ferry 

to Tuba City, Arizona, a distance of 60 miles. It lies in 

north-central Arizona (fig. ), and all of it except the 

northernmost part where the Lees Ferry section was measured 

lies within the Navajo Indian Reservation. It lies approxi-
• ‘ • \ • - ‘ ; 0 , O - : • :

rcately between parallels 36 051 and 36 551 north and mer- 
o o

idians 111 151 and 111.351 west.

Lees Ferry is one mile north of the junction of the 

Faria and Colorado Rivers, at the mouth of Glen Canyon, and 

just north of Marble Canyon. The Echo Cliffs, in which the 

rocks studied are continuously exposed, begin at Lees Ferry, 

on the southeast side of the Colorado River, and extend 

southeastward to Tuba City. Tuba City is on the southern 

edge of the Kaibito Plateau, just north of Moenkopi Wash.

The Echo Cliffs area is accessible from Flagstaff, Ari

zona, by driving north on U.. S. Highway 89 to a point about 

12 miles north of Cameron, where the Navajo Indian Reserva

tion Route 1 branches northeast toward Tuba City.. Route 1 is 

a graded road. It is 10 miles from the road junction to 

Tuba City. . ’ . ■ ■ .

U. S. Highway"89 continues northward from its junction , 

with Reservation Route 1 paralleling the Echo Cliffs, which 

lie between one-half mile' and 5 miles to the east.
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Lees Ferry is about 126 miles north of Flagstaff, and 

may be reached by turning north off Highway 89 at Marble Can 

yon Trading Post, on the north side of the Colorado River, : 

and following an ungraded.road' about 6 miles northeastward. 

This road is rough and steep, locally, and the Paria River 

must be forded to reach the government gauging station at 

Lees Ferry.

A secondary road leads westward from Tuba City to Moen- 

ave, and then northward to U. S. Highway 89, at a point just 

west of Willow Springs.

At various locations within the region studied, old 
Indian trails traverse the Echo Cliffs to the mesa above. 

These trails were used in making several of the measured 

sections, as they afforded the only passageways over the 

cliffs in certain areas.

The locations of all measured sections are shown on the 

maps (Plates XI - XIV). In this area, mile posts are num

bered with reference to distance from the Mexican border, 

and are located along U. S. Highway 89.
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CHAPTER II 

GEOGRAPHY

Topographic expression

Rocks of the Glen Canyon group in the Echo Cliffs area 

form the v/estern escarpment of a mesa known as the Kaibito 

Plateau. Northward and westward beyond the area studied, 

they form parts of the escarpments of the Paria and Kaiparo- 

wits Plateaus, and southward, the escarpment of Moenkopi Pla

teau. These plateaus are all parts of the Colorado Plateau 

Province.

The Colorado River forms a common boundary of the Paria, 

Kaiparov/its, and Kaibito Plateaus at Lees Ferry. In the 

southern part of the area, Moenkopi Wash forms the boundary ~ 

between the Kaibito and Moenkopi Plateaus.

- - The area of this study deals with the Echo Cliffs, which

form the western escarpment .of the Kaibito "Plateau. These 

cliffs' follow the axis of the Echo monocline, which has a 

general northward trend and eastward dip. The area ranges in 

elevation from 3120 feet at Lees Ferry, and 4700 feet at Tuba 

City, to over'6000 feet near Cedar Ridge.

In the Lees Ferry area, as a result of the moderately 

steep dip of the strata, the cliffs are over 1000 feet high,
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and rocks of the Wingate sandstone and Kayenta formation 

crop out across a narrow belt. •

In the Moenkoni Wash and Tuba City area, strata are. 

nearly horizontal and the Echo Cliffs are less than 500 

feet in height. Rocks of the Wingate sandstone and Kayenta. 

formation crop out across a 5 mile belt.

Erosion forms are those characteristic of an arid cli

mate. The cliffs are steep, rugged, and devoid of vegetation. 

Box canyons are common in the Moenkopi Wash area. Compara

tively little talus is present at the foot of the cliffs, 

due to the tendency of the rocks to disintegrate, and be re

moved by wind and stream action. Streams that develop 

during the characteristically short, violent rainfalls are 

heavily laden with sediments.

Erosion of the Wingate and Navajo sandstones results in 

vertical and overhanging cliffs, hundreds of feet high. At 

the tops of the cliffs, the Navajo sandstone erodes as round

ed domes or as intricately carved patterns controlled by the 

laminae of cross bedding.

South of Moenkopi Wash, the Moenkopi Plateau is capped 

by a 3-foot limestone unit of the Navajo sandstone. As a 

result, the edge of the mesa is sharp and the top is flat.

In the valley of Moenkopi Wash, the Wingate sandstone 

and Kayenta formation erode as fluted pillars of many designs, 

or as broad benches. Kindersteins or "rock babies" are also 

a common erosional feature in this and other nearby areas.
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At Cedar Ridge, a pediment is developed which slopes 

westward away from the cliff front, and bevels the rocks of 

the Chinie formation, the Wingate sandstone, and the Kay- 

enta formation. The pediment is covered by a thin veneer 

of angular gravel of cobble and pebble size, composed mainly 

of limestone and of red and gray chert. This pediment 

occupies:the topographic high in this area west of the Echo 

Cliffs.

The "Gap receives its name for a wind gap which cuts the 

Echo Cliffs about SO miles northwest of Tuba City. Evidences 

for the presence of'a.former stream at this place are the 

well-rounded, stream-worn gravels which are on the tops of 

ridges within the gap, some at least 100 feet above the level 

of the surrounding land surface, These gravels can also be 

found to the east of The Gap, on the surface of the ICaibito 

Plateau.'

Roundy Creek and Hamblin Wash (PI. XIII) are both sub

sequent streams. Obsequent streams flowing down the cliff 

front are short and have steep gradients. Only a few of 

these obsequent streams are well developed, and all are 

youthful.

Streams flowing down the dip slope of the Triassic

rocks along the west base of Echo Cliffs have a dendritic

pattern and a shallow gradient. Similar features character-
; - •

. ize those within the valley of I.Toenkopi Wash.

Both Roundy Creek and Hamblin Wash are eroding
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headward into the 'pediment developed at Cedar Ridge. No

detailed measurements were made to determine which stream is

capturing the drainage of the other, but it is apparent that

Hamblin Wash is more actively eroding northward, into the

easily removed Chinle formation, while Roundy Creek, a few

miles to the north, has already cut away the Chinle formation,

and is flowing over the more resistant Shinarump conglomerate, 
. : . . ■ . * 

at about the same topographic level. Hamblin Wash also has

an advantage in that the Chinle formation is topographically

lower to the south than it is to the north, and thus for the
same amount of energy, it can erode deeper in a shorter

period of time.

This area is probably typical of the topographic forms 

of the Navajo country. It presents the picture of barren

ness and.rugged beauty, and of bright red, purple, and white 

hues, .rather.than the:grays and greens of other, more humid, 

regions. . . , v : . ...

Drainage

All surface water from this district flows, either 

directly, or through a series of tributaries, to the Colo

rado River (PI..XI), which dissects the most northern extrem

ity of the area.

Roundy Creek, a subsequent stream for the most part, 

flows northward from the vicinity of Cedar Ridge into the 

Colorado River about 15 miles south of Lees Ferry.
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Hamblin Wash, a subsequent stream, flows southward from 

near Cedar Ridge,, and joins Moenkopi Wash just:north of the 

junction of U. S. Highway 89 and Route 1. .; , -

Moenkopi Wash flows southwestward past Tuba City;.turns 

south near the road junction, and empties into the Little 

Colorado River a few miles northwestjof Cameron. The Little 

Colorado River south of the area studied, flows northwest

ward to join the Colorado River.

With the exception of the Colorado River, the' streams 

in this area are intermittent in character, .flowing only 

in response to rainfall. : ; . : > . v,

Climate and Vegetation

The Navajo country as a whole lies in a zone charac

terized by high pressure, and thus is outside the usual path 

of cyclonic storms. It has a desert climate. Precipitation 

in the form of rain falls in the months of July, August, and 

September, and as snow and rain during January, February, and 
March. ' "" .

In this region, the amount of rainfall received by a 

given area is in direct proportion to its elevation. Tuba 

City (elevation 4700 feet), receives a little over 5 inches 

of rainfall per year. No figures are available for the rest 

of the area, but Cedar Ridge, at about 6000 feet, doubtless 

receives considerably more. The following are average mean 

rainfall figures for some stations in or near the Navajo



country. They illustrate the increase in rainfall with in

crease in elevation: Kearns Canyon (elevation 6600 feet),

10.94 inches; Holbrook, Arizona, (elevation 5069 feet), 9.15 

inches; and Winslow, Arizona, (elevation 4853 feet), 7.07 

inches.

Thunder showers are characteristic of the summer months, 

and often result in normally dry washes- reaching flood stage 

in a matter of minutes. This phenomenon was observed by the 

writer at Hamblin Wash in the month of August, 1950.

The annual variation in temperature within the area 

studied is from about zero to over 100 degrees, Fahrenheit.

A daily variation of 30 degrees is not unusual.

As a result of the desert climate, drinking water is 

scarce in this area. Water is obtained from springs at Moen- 

ave, Willow Springs, Navajo Springs, and Lees Ferry, and at 

The Gap from a dug well in the alluvium.

Vegetation"in this area is zonally arranged, 'and every

where but in the Cedar Ridge area, is sparse or lacking. At 

Cedar Ridge are sagebrush (Artemisia tridentata), juniper 

(Juniperus monosuerma), and pinon (Pinus edulis).—  In areas ' 

of elevation lower than Cedar Ridge, several varieties of 

grasses, small shrubs, and cacti of desert types are present.

12.



■ CHAPTER III .... 

HISTORICAL REVIEW

Summary of Previous Work

Prior to this investigation, work of a reconnaissance

nature has been done in the Echo Cliffs area. Between 1909
1

and 1915 Gregory conducted a geologic reconnaissance of the 

whole Havajo Country, including the area of this investiga

tion. His published results constitute a classic paper on 

the Navajo Country, including its geology, physiography, and 

geography. Subsequent detailed work on the stratigraphy has

necessitated some revisions in regional correlation as dis-
"2,3

cussed by Baker, Dane, and Reeside , and by other authors.

Correlation of the Jurassic rocks of the Navajo Country 

has been attempted by various geologists in recent years, 1

1
Gregory, H. E., Geology of the Navajo Country: U. S.

Geol. Survey Prof. Paper 93, 161 pp., 1917.
2
Baker, A. A., Dane, C. H., and Reeside, J. B . Jr., 

Correlation of the Jurassic formations of parts of Utah, 
Arizona, New Mexico and Colorado: U. S. Geol. Survey Prof.
Paper 183, 1936.

3
Baker, A. A., Dane, C. H., and Reeside, J. B. Jr., 

Revised Correlation of Jurassic formations of parts of Utah, 
Arizona, New Mexico, arid Colorado: Bull. Am. Assoc. Petrol.
Geol., vol. 31, 1947.



and as a result of conflicting viev/s, much confusion has been
14.

created pertaining to the rocks of this svstern.
4

Gregory, in his Navajo country work , correlated the

lowest formation of the Glen Canyon group with the V/ingate

sandstone of Fort Wingate, New Mexico, which.had been named 
5

by Dutton in 1885,. Gregory traced this sandstone across the 

southern and western part of the Navajo Indian Reservation, 

and along the Vermilion Cliffs of Utah.
6

Subsequently,-Baker, Dane, and Reeside showed the forma 

tion named the Wingate sandstone by Dutton to be equivalent 

to the Entrada formation of New Mexico and Colorado, and to 

be stratigraphically higher than the Wingate sandstone of the 

Glen Canyon group. Thus, the type V/ingate of Dutton, now re

ferred to the Entrada formation by the U. S . Geological Sur

vey, is separated from the Wingate of the Glen Canyon group 

by the Kayenta formation, the.Navajo sandstone, and the.Car

mel formation. ' - ■ ■ ■
7

In 1921, Kirk Bryan measured a geologic section at Lees 4 5 6

4 ' : '
Gregory, H. E., op. cit., p. 54, 1917.

5
Dutton, C, E., Mount Taylor and the 2uni Plateau: U. S

Geol. Survey 6th Ann. Report, pp. 136-137, 1885.6
Baker, A. A . , Dane, C. H., and Ree side,' J." B ..Jr.,....

op. cit., 1936. , . ' . ,
\ ■ 7 . : .

Longwell, C. R., Miser, H. D., Moore, R. C., Bryan, 
Kirk, and Paige, .Sidney, Rock .formations in.the Colorado 
Plateau of southeastern Utah and northern Arizona;: Shorter 
Contributions to General Geology, ,U. ,S. Geol. Survey Prof. 
Paper 132, 23 pp., 1923-1924. ' '



Ferry including 1100 to 1200 feet of undifferentiated Wingate 

sandstone and Navajo sandstone. -He further states that the- 

Todilto limestone, referring to the formation later named
Q

the Kayenta formation by Baker, Dane, and Reeside , is absent

in this locality. The type section of the Kayenta formation

is about one mile north of the trading post at Kayenta,

Arizona. ■ . /. v .. '
9

Gregory proposed the name Navajo sandstone for the 

uppermost formation of the Glen Canyon group, without speci

fying a type section. The formation is widely exposed through 

out the western part of the Navajo Reservation, as well as

in many narts of southern Utah.
> "  10

In 1931, Gregory proposed the name Glen Canyon group 

for the Jurassic (?) rocks which form the walls of Glen Can

yon of the Colorado River in southern Utah and northern Ariz

ona. The group as defined included the Wingate sandstone, 

the Todilto formation (subsequently changed to Kayenta forma

tion)., and the Navajo sandstone.

Rocks of the Glen Canyon group have been correlated by 

many geologists with rocks in New Mexico, central Utah, and 

southern Nevada, on the basis of general lithologic simil&r-

15:

8 .. ■ a. : . :/ " - .. . ■ ;' '
Baker, A. A., Dane, C. H., and Reeside, J. B. Jr., 

op. cit., p. 183, 1936. ' '
9
Gregory, H. 2., on. cit., n. 57, 1917. ..... .10
Gregory,: H. E.•and Moore,, R. C ., The Kaiparowits 

region: U. S. Geol. Survey Prof. Paper 164, 161 pp. 1931.
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ity. This method has not taken into account the intertong- 

ing, the facies changes and the lateral gradations, and thus 

has been subject to error. Only r/hen careful, systematic 

work has been done throughout this general area, will the 

confusion of the past be clarified.

Nomenclature

In past years the rocks of the Glen Canyon group have
11

been known by various names. Gregory originally correlated 

them with the La Plata group of Colorado,"and the upper part 

of the section at Noenave he classified as "undifferentiated 

La Plata and licElmo".

In.the Navajo Coimtrv the name Wingate, as originally

used by Gregory for the lower cliff unit of the Glen Canyon

group, is continued by recommendation of the U. S. Geological

Survey, even though it is now known to be not the same as12
Dutton's type Wingate

The Kayerita formation, originally referred to the To- 

dilto formation, is now recognized in many parts of the Nava

jo country. Its presence in the Echo Cliffs area has been 

doubted by previous authors, however.

The Navajo sandstone is readily recognizable in this 

area, as well as in most other parts of the Navajo country.

—

Gregory, H. E., op. cit., p. 52, 1917.
12

Baker, A. A., Dane, C. H., and Reeside, J. B . Jr., 
op. cit., 1947.
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Because along Echo Cliffs its lov/er contact is, in some

13,14
places, difficult to determine, various authors have

referred to it as an undifferentiated part of the Glen Can

yon group. A locally developed limestone v/ithin this forma

tion at Tuba City has been called the Todilto limestone by
15

Baker, Dane, and Reeside , but this correlation appears to 

be in error, for it is in the wrong stratigraphic position, 

and can be shown to be a lense that interfingers with sand

stones of the Navajo sandstone.

13 , -. . - ■
Gregory, H. E., op. cit., p. 52, 1917.

: 14 ■ ' . ' . • ; :
Longwell, et. al., op., cit., 1923-1924.

15 . : - ' ■ ■ .' ' ‘ ’ ■ ■ ; :;
Baker, A. A., Dane, C. H., and Reeside, J. B . Jr., 

op. cit., 1947.



CHAPTER IV 

GENERAL STRATIGRAPHY

Sedimentary Rocks of Glen Canyon Group

The Glen Canyon group consists of three formations: 

the Wingate sandstone, the Kayenta formation, and the Navajo 

sandstone. The age of the group has been considered Jurassic 

(?) by the U . S . Geological Survey, the age-being:"questioned 
because a hiatus has not generally been recognized at its 

base, and because.of a lack of fully diagnostic fossils. ' - 

. • Within the Echo Cliffs area the Chinle formation of

Triassic age underlies the Glen Canyon group. The top sur

face of the group is one of recent erosion. In adjoining 

area to the-north, east, and southeast, however, the group is 

overlain by the Carmel .formation of upper Jurassic age, and

separated from it by an erosional unconformity.
16

Gregory separates the Chinle formation into divisions 

A, B, C, and D, in descending order. Division A consists of 

reddish .brown sandstones, siltstones, and mudstones, with 

some limestone conglomerates, underlying the Wingate sand

stone. Division B consists of interbedded limestones and 

shales of fresh water origin. ; It was found during the nres-

16
Gregory, H. E . , op. cit., p. 42, 1917.
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ent: study that an erdsional unconformity exists within 

Gregory's Division A. Its position is variable with respect 

to the top of the limestones of Division B, but it occurs 

from 1 to 40 feet, stratigraphically, above them.

The Wingate sandstone' consists of pale reddish brown 

to pale red, fine-grained, thin- to very thick-bedded sand

stone. In the Echo Cliffs area it consists of two major units, 

a lower, slope-forming:unit originally a part of the Chinle 

A Member, and an upper cliff-forming-unit. The slope-unit 

contains strata that are flat bedded, and others that are 

cross-laminated bn a small or medium scale, and contains 

many mud-cracked and ripple-marked zones. This unit is of 

subaqueous origin, and is similar lithologically to the Kay- 

enta formation. ■ ' _ '

r; The upper, cliff-forming unit, contains both high and 

low angle, tangential, cross-laminated beds on a medium and- 

large scale. v At its base are interbedded mudstones, silt- 

stones, and sandstones, lense-like in character, which are . 

of subaqueous origin. The'high angle, tangential, cross- 

laminated part is considered to be of aeolian origin. '

The Kayenta formation, at the type section at Kayenta, 

Arizona, is a slope-forming unit between cliffs of the Wingate 

and Navajo sandstones. ': - r'

Along the Echo Cliffs also, the Kayenta formation is a 

slope-forming unit, consisting of reddish brown sandstones 

and siltstones, with a few thin, locally developed, lime-



stone beds. These sandstones and;siltstones are character

istically flat bedded or cross—laminated on a small-to 

medium-scale, and individual beds vary -in thickness from a 

few inches to 30 feet. Such beds wedge out along the strike 

at distances varying from,a few hundred yards to several . 
miles ♦ ■ • • .* • • ' * r '* . *. - -. *

The rapid change in lithology along the strike, the 

flat bedding and small- or medium-scale cross lamination, 

the short extent and thinness.of individual beds, and the 

slope-forming character of this formation, all.contribute 

toward a marked difference in appearance between it and the 

cliff-forming Wingate and Navajo sandstones. These same 

characteristics contribute toward a marked likeness of the 

Kayenta formation and the lower, slope-forming unit of the 

Wingate sandstone. - • -

The Kayenta-formation is considered to have been depos

ited .in a fluviatile environment by constantly shifting 

streams, and in lakes and ponds. Dinosaur tracks at several 

levels, numerous ripple-marked sandstones, and mud-cracked 

surfaces all-attest to an origin under ..shallow water condi

tions that alternated with those of subarial environment.

Within the Echo Cliff area, the Wingate sandstone and 

the Kayenta formation, inter tongue.. At Lees Ferry, nearly .. 

the entire section between the top of the Chinle formation : 

and the bottom of the Navajo sandstone is occupied by the 

Wingate sandstone (PI..XV). , . -

20.
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In the vicinity of Moenkopi Wash just west of Tuba City 

nearly the entire section above the Chinle formation and be

low the Navajo sandstone is occupied by strata of Kayenta- 

type lithology, and the Wingate sandstone is represented 

only by four thin - tongues. Probably these tongues of Win

gate sandstone' originally reached a vanishing point not far 

to the south and west, but evidence in these areas has been 

removed by subsequent erosion. If this were the case, then 

the lower slope-forming unit of Wingate sandstone would rep

resent a northward- and eastward-extending tongue of the Kay- 

enta formation, and the Kayenta formation at the type section 

also would be a northeastward-extending tongue of a type of. 

lithology differing both from the Chinle formation and from 

the Wingate and Navajo sandstones. •

The Navajo sandstone is the upper formation of the Glen 

Canyon group. • It consists of light brown to yellowish gray, 

fine-grained sandstones, cross-laminated on a very large 

scale. The grains are composed of quartz, and are weakly 

cemented by calcium carbonate , silica, and iron oxide.

This formation is the major cliff-forming sandstone of 

the Echo Cliffs. These cliffs rise as vertical, and in 

places, overhanging walls for hundreds of feet. On the top 

of the mesa, the sandstone erodes into rounded domes or in

tricately carved figures, following trends of the cross bed

ding .

Locally, thin limestone beds occur within the formation.
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These vary in thickness from a few inches to 3 feet and can. 

be traced laterally from a fevr hundred feet to about 3 miles. 

They occur at various levels within the formation, and prob

ably represent evaporite deposits of ancient ponds or lakes. 

A.three-foot, cherty limestone bed caps the northwest corner 

of the Moenkoni Plateau.

Also present in this formation are a few very fine

grained sandstones and siltstones which are flat bedded, 

and at one locality, there is a conglomerate at the/base. 

These are local features, lense-like in character, which rep

resent water deposited material in a formation which is con
sidered to be dominantly representative of an aeolian envir

onment..... . .

; The lower contact of the.Nava jo sandstone is, in places, 

an arbitrary one, based upon a change in lithology or sedi

mentary structure. At other places the contact is a bevelled 

surface. The contact between the Navaio,sandstone and the 

underlying formation is believed to be a broad surface of 

erosion with low relief.

The upper contact of the Navajo sandstone in the Echo 

Cliff area is a surface of recent erosion. To the north, 

east, and south-east, an erosional unconformity exists be

tween it and the overlying Carmel formation.

Deposits underlying the Glen Canyon yrouu

The Chinle formation underlies the Glen Canyon group in
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the Echo. Cliff region. Gregory ' proposed this name for "the 

group of shales, "marls", thin, soft sandstones, and lime

stone conglomerates lying between the- Shinarump conglomerate 

and the Wingate sandstone". In the Hava jo country this is a 

widely distributed formation which erodes to badland topog- ; 

raphy, or to mesas and buttes where capped by sandstones and • 

limestones. Its strata are characteristically .varicolored." 

The combination of bright, colorful rocks, and weathering 

with badland topography, makes it an easily recognizable 

formation. ' -' ' : . '• •

Gregory's Division A immediately underlies the Wingate 

sandstone in the Echo Cliffs area.. Within this division an 

erosional unconformity has. been recognized by the writer..

This break is now considered-to be the contact.between the 

Chirile formation and the overlying Glen Canyon group.

Wingate sandstone and contacts

The Wingate sandstone in the Echo Cliffs area is divided 

into two major units or rock types. The lower is a slope-' 

forming unit which is thickest in the south and wedges out : 

to the north of Bitter Springs.' The upper is a-cliff-forming 

unit which is over 300 feet thick at Lees Ferry and thins to 

less than 50 feet in the lioenkopi Wash area.

17 ' —  “ ” ' . .• - -
Gregory, H. 2., op. cit., 1917.

17
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The basal siope-forming; unit of the Wingate consists of 

reddish brov/n sandstones, siltstones, and■ a few mudstones, 

which are both flat bedded and cross-laminated on a small to 

medium-scale.. These rocks contain many, mud-cracked surfaces 

and ripple -marked zones. In the - lioenkopi Wash area (PI. .XV) 

this lower slope-forming unit is 150 feet.thick, but contains 

a tongue of cliff-forming - sandstone, 15 feet thick, immediat

ely above the Chinle contact. The siope-forming unit can,be 

traced northward, with a fairly constant thickness to the 

Bitter Springs area (PI, .XV), beyond vziiich it is progress

ively thinner. At Lees Ferry this unit is missing-, and the * 

cliff-forming -unit-alone represents the Wingate sandstone.

The cliff-forming, unit of Wingate consists of a pale to 

moderate, reddish brown, fine-grained sandstone which is cross- 

laminated on a medium to large -scale. The cross laminations 

are tangential, of both high and low angles. At many places 

along the Echo Cliffs cross lamination is etched out on the 

surface. At other places no bedding is apparent, and the 

cliff is massive. At no place were exposures suitable for 

making statistical studies of cross-lamination orientation.

Both in Glen Canyon and at Lees Ferry the cliff-forming 

unit,of the Wingate sandstone occupies the entire section 

between the Chinle formation and the Kayenta formation. As 

the strata are traced southeastward, however, massive cliffs 

give way to a series of cliffs and slopes. The lower slope

forming unit and the overlying Kayenta formation both inter-_
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tongue with the Wingate cliff-forming unit. In the Bitter 

Springs area, and to the south, two cliff-forming units of 

Wingate sandstone are present. One is immediately above the- 

Wingate slope-forming unit, -and the other is within the ICay- 

enta formation. This upper tongue of Wingate-type material 

can be traced southward to Willow Springs, where'it is about 

10 feet thick. The main cliff-forming unit can' be traced - 

across the area. It thins to the south, and in the vicinity 

of Moenkopi Wash is 36 feet thick.

Also present in the section, either just above the Chinle 

formation contact, or just below the Navajo sandstone contact, 
are tongues or wedges of sandstone which in every way are. 

characteristic of the Wingate cliff-forming sandstone.’ These 

have been observed near Moenkopi Village, Tuba City, Moenave, 

Willow Springs, and'Cedar Ridge. Where they -are just above 

the Chinle contact the tongues are 13 feet or less in thick

ness , and wedge out along the strike. Where they occur high 

in the section they are up to 50 feet in thickness, but also 

wedge out v/ithin short,distances along the strike.

■ The contact between the Wingate sandstone and the Chinle 

formation is an erosion surface. This surface is one of very 

low relief. From Lees Ferry to Willow Springs, it is repres

ented by a gently rolling surface, with small channels two 

feet or less in depth cut into the top of the Chinle forma

tion. In the walls of Moenkopi Wash a buried stream channel 

about 12 feet deep and 40 feet across, filled with a conglom



erate containing large cobbles, pebbles, a nd:reworked Chinle 

sediments, is exposed in cross-section (PI,..II). This buried 

stream channel .lias a general northward trend, and xvas observ

ed on both sides of an east-west trending ridge.

In a red sandstone immediately above the buried stream 

channel is a pebble conglomerate bed about 6 inches thick 

which grades upward into a ‘fine-grained-sandstone.-' This con

glomerate is characterized by the presence of orange red sand 

grains, granules and pebbles of chert,'grannies'and pebbles 

of. limestone, and flat silt stone and mudstone pellets. This 

bed can be traced:from Mdenkopi Wash to Lees Ferry, and it 

has also been observed at Kayenta, Arizona and Fort Wingate, 

New llexico, in the same .stratigraphic position. The rock " 

varies in thickness from 6 inches to 2 feet, and in most 

places grades upward to a fine- or very fine-grained sand

stone. Along the strike, its matrix varies from a medium- 

to a very fine-grained quartz sand. The diagnostic feature - 

of this bed is the presence.in it of stringers and lenses of 

the same types of sand, gravel and pellets noted at Lloenkopi 

Wash. At Lees Ferry are the largest pebbles found in this 

unit along Echo Cliffs. At.Kayenta, material of cobble size

is. present..in, this..rock.__At.. Fort Wingate, ..Mew Mexico,.the ....

gravel material is of pebble size, up to one-half inch in 

diameter. . ' • .

The basal conglomerate appears to separate two distinct 

types of sedimentation in this area: (1) the lower of Chinle

type, and (2) the upper of Wingate and Kayenta type.
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The "bottom part- of the cliff-forming unit of Wingate, 

wherever it overlies the slope-forming unit, contains flat 

lenses and tongues of interbedded sandstone, siltstone, mud

stone and mudstone pellet conglomerate. The contact is a 

rolling or undulatory one of low relief. Although the cliff- 

forming unit of Wingate sandstone has been described as an
■ ■ - ■ : ' . I8 ; ■ ■ :aeolian deposit , this bottom zone obviously is of subaque

ous origin. Within the cliff itself are a few lenses and 

stringers of mud pellet conglomerate and coarse sandstone.

Thus, in this area at least, the cliff-forming unit is not 

entirely of aeolian origin.

The upper contact of the Wingate sandstone is, in some 

places, sharply defined, but at others has been arbitrarily 

placed. At Mile Post 593, 5 miles south of The Gap, a mud- 

pellet conglomerate occupies a position at the top of the 

cliff-forming sandstone. Its base is considered to mark the 

contact between the Wingate sandstone and the Kayenta forma

tion. At other places along the cliffs the upper contact of 

Wingate sandstone is indicated by a change from large-scale 

cross lamination to flat bedding, to cross lamination on a 

small to medium scale, or by a change in lithology.

Baker, A. A., Dane, C. H., and Reeside, J. B. Jr., 
op. cit., p. 53, 1936.
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Kayenta formation and: contacts ;

The Kayenta formation at the type section at Kayenta, 

Arizona, is a siope-forming unit, about 100 feet thick, be

tween the cliffs of Wingate and Navajo sandstone.

Along Echo Cliffs also, the Kayenta formation is a slope

forming unit. It consists of a predominance of clastic de

posits ranging in size from medium-grained sandstones to 

siltstones. There are minor amounts of mudstone, a few thin, 

intrafromational conglomerates, and thin, locally developed, 

limestone beds.

Intertonguing is a characteristic of the Kayenta forma

tion. Channels and lenses are found at the bottoms of many 

units. Mud-cracked surfaces and ripple-marked zones are 

common within the formation. Dinosaur tracks are found at 

several levels, commonly on the surfaces of highly calcareous 

sandstone. On the steep walls of Moenkopi Valley, lenses of 

sandstone which extend for as much as one-half mile, narrow 

down to the vanishing point in both directions. This same 

feature on a smaller scale is visible at many places in the 

area studied. ’ . .

The Kayenta formation within the Echo Cliffs area is of 

greater thickness than at its type section, where it is only 

a little over 100 feet. In. the vicinity of Lees Ferry it 

intertongues with the Wingate sandstone. This thickening of 

the formation to,the west.from Kayenta, and south from Lees 

Ferry, together with the thinning of the Wingate sandstone to
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the south, suggest that at some point to the south or west 

the Wingate sandstone originally reached a vanishing point, 

and the Kayenta formation occupied the entire section be

tween the Chinle formation and the Hava jo sandstone♦ If 

this were the case, then the lower slope-forming unit of 

what is called the Wingate sandstone is a northward extend

ing tongue of the Kayenta formation.

The Kayenta formation is considered to be of fluviatile 

origin on the basis of characteristics and features previous

ly described. The cliff-forming Y/ingate sandstone is, at 

least in part, of aeolian origin. At the time of deposition 

of these formations, this area probably was one where fluv

iatile conditions alternated with aeolian conditions, during 

a continuous shifting of environment back and forth across 

the area.

Nava.io sandstone and contacts

The Navajo sandstone is the uppermost formation of 

the Glen Canyon group, and forms the caprock of the Kaibito 

Plateau above Echo Cliffs. At Lees Ferry it is about 1000 

feet thick. In the area north of Cedar Ridge it is almost 

1200 feet thick. At the edge of the l.loenkoni Plateau, on 

the southern side of Moenkopi Wash, it is 223 feet thick, 

and is capped by a 5-foot bed of cherty limestone. In all of 

these localities, however, an unknown amount has been removed 

by recent erosion. '
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The formation consists almost entirely of light brown

to yellowish gray, fine-grained sandstone, tangentially

cross-laminated on a very large scale. The sand grains are

composed of colorless quarts, and are subrounded to rounded.

The sand shows a.fair to good degree of sorting. The rock

is weakly cemented with lime and silica, and some of the

sand grains have an iron oxide or manganese dioxide coating.

The limestone beds which occur in this formation are

local features which interfinger with the sandstone. They

occur at various levels within the formation, and probably

represent evaporite denosits of ancient lakes. Their presence,
19

according to Longwell, et. al, , indicates a high ground 

water level in this highly porous sand, at the time of depos

ition.

There are also present, in the lower part of the Navajo 

sandstone very fine-grained sandstones and siltstones which 

are flat-bedded. At Hoenave, the base of the formation con

tains a lense of conglomerate containing pebbles and petri

fied wood. This conglomerate could not be traced beyond 

the confines of the mesa-on which it was exposed.

The Navajo sandstone thickens to the north and west. In
- 20 ■ ' . 

southern Utah it is 2000 feet thick , To the south and east

the formation thins, and reaches a vanishing point beneath

19 -  .. ; •
Longwell, et. al., op. cit., n. 14, 1923-1924.

20 ^
Baker, A. A., Dane, C. H., and Reeside, J. B. Jr., . 

op. cit., p. 47, 1936.
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the Carmel formation near Dennebito, some 50 miles south-

21
east of Tuba City .

The lower contact of the Navajo sandstone is, in places, 

an arbitrary one, based upon a change in lithology or sed-- 

imentary structures. At other places, it is a bevelled sur

face, with a few inches of light green mudstone marking the 

top of the underlying formation. At Lloenave, the contact is 

at the base of a locally occurring conglomerate.

The upper surface of the Navajo sandstone in the Echo 

Cliffs area is one of recent erosion. To the north, east, - 

and southeast, an erosional unconformity exists between it 

and the overlying Carmel formation of the upper Jurassic.

Ape of the Glen Canyon group

The age of the Glen Canyon group has been in question 

for many years partly because evidence was lacking of a 

definite hiatus at its base, and partly because diagnostic 

fossils had not been found in it. For these reasons it is 

usually classed as Jurassic (?).

As a result of field work in the Echo Cliffs area, 

evidence is now available suggesting that a period of ero

sion took place at the end of Chinle deposition.

Harshbarger, J. .W., Petrology and .Stratigraphy of - 
Upper Jurassic Rocks of Central Navajo Reservation, Arizona: 
Un. of Arizona,* doctoral thesis, 1949. (Unpublished)

21 .



In the vicinity of Moenkopi Wash much reworked sediment 

occurs immediately above the top of the Chinle formation.

A buried stream channel exposed in the walls of the present 

wash is evidence that streams flowed across Chinle sediments 

and eroded them before the sediments of the Glen Canyon group 

were deposited. This stream channel is at least 12 feet deep 

and 40 feet across, and is filled with rounded cobbles and 

pebbles. :

Immediately above the buried stream channel at Moenkopi 

Wash is Wingate sandstone. At its base is a pebble conglom

erate, which is continuous northwestward, at least as far as 

Lees Ferry, at the same stratigraphic position. At many 

places this conglomerate fills shallow channels, up to 3 , .

feet deep, which are cut into the top of the Chinle forma

tion. A similar conglomerate is at Kayenta, Arizona, and

near Fort Wingate, New Mexico, aoparentlv in the same strati-
22

graphic position. One is reported by Baker as of local 

occurrence in the Moab district of Utah. Thus, the undulat

ing, eroded top of the Chinle formation in the Echo Cliffs 

area, together with the presence of a widespread conglomer

ate overlying the erosion surface in.the Echo Cliffs area, 

at Moab, Utah, and Fort Wingate, Hew Mexico, all are sugges

tive that a definite hiatus is represented between the Chinle 

formation and the Glen Canyon group.

2 2  —

Baker, A. A., Dobbin, C. E., McNight, E. T., and Ree- 
side, Jv B. Jr., Notes on the Stratigraphy of the Moab Region, 
Utah: Bull. Am. Ass. Petr. Geol., vol. 11, no. 8, p.801,1927.



The age of the Chinle formation is Upper Triassic as 
23,24

determined by Lucas. . His determination was based upon■. 

fossil vertebrates found at Tanner Crossing near Cameron
25

(fig. 1). The age of the Carmel formation is Upper Jurassic 

This age.is based upon a marine fauna found near Mount Car

mel village in southern Utah. Between the -G1en Canyon group 

and each of these formations is an erosional unconformity, 

hence Lower Jurassic age seems likely for the Glen Canyon 

group. . - ■ , '

Fossil evidence is scarce in the Glen Canyon group.

Dinosaur tracks in the Kayenta formation are reported by 
26

Gregory , and discussed by R. S. Lull. Lull identifies 

them as the tracks of bipedal, carnivorous dinosaurs, similar 

to Eubronteus gifranteus and Anchisaurinus minus cuius of the 

Triassic rocks of Connecticut. He states that the tracks are 

as large, if not larger, than any of the Connecticut tracks, 

and are "not older than the latest Triassic". »

33.

23
Lucas, F. A., Vertebrates from the Trias of Arizona: 

Science, new ser., vol. 14, p. 376, 1901.
24 : ; . .. ' V ...

Lucas, F..A,, A new batrachian and a new reptile from 
the Trias of Arizona: U. S. Nat. Mus. Proc., vol 27, pp. 193
-195, 1904.

25
Gregory, H. E., The San Juan Country: U. S. Geol.

Survey Prof. Paper 138, p. 56, 1933.
26
. Gregory, H. E., op. cit., p. 56, 1917.
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Camp describes a saurischian dinosaur skeleton, Segi-

saurus halli.which was found in the Navajo sandstone at ICeet

Seel Canyon, about 60 miles east of Lees Ferry. - He describes

the form as of probable Lower Jurassic age.

A primitive crocodilian type reptile, Protosuchus. was
23

found by Barnum Brown in the lower slope-forming Wingate

sandstone, in the Cameron area. This form is related to the

primitive crocodiles found in the Lower Jurassic rocks of
29

Europe and South Africa. Camp states that crocodiles have 

not been found in the Triassic and that if Protosuchus is of 

Triassic age, then its occurrence is exceptional.

' Available evidence seems to .indicate a Lower Jurassic, 

rather than an Upper Triassic age, for the Glen Canyon group. 

Not only are the rocks between two erosional unconformities, 

with Upper Triassic rocks below, and Upper Jurassic rocks 

above, but also,.faunal.evidence gives strong indications of 

a Lower Jurassic,age for the Glen Canyon group.

27

' 27 - - •• , . , ' : ' '
Camp, C. L., A New Type of Small Bipedal Dinosaur from 

the Navajo sandstone of Arizona: Univ. Calif. Bull., vol.
24, no. 2, p. 49, 1936.

23
Camp, Ci L.,’ idem., p. 58, 1936.

. 29 . V • .- ■ , . ■  ̂ ' ' -
Camp, C. L., idem., p. 52, 1936.



CHAPTER V

SEDIMENTATION AND PETROLOGY

Discussion of Sedimentation

The nature of the environment of deposition and the 

source of sediments of the Glen Canyon group were given con

sideration at all times while working this- problem. Litho

logic changes and sedimentary structures were studied in the 

field. In the laboratory, mechanical analyses were made of 

representative samples of the basal conglomerate of the Glen 

Canyon group, and simple histograms plotted. Thin sections , 

of representative units of the group were studied. Sand and 

silt samples were studied with the binocular microscope to 

determine grain size, roundness and sphericity.

Simple histograms (fig.2 J5) show the results of the 

mechanical analyses made of the basal conglomerate of the 

Glen Canyon group. Since these rocks were firmly cemented, 

the lime cement was dissolved with dilute hydrochloric :acid. 

This process also.removed the limestone fragments, and broke 

down the mudstone pellets. Thus, two errors occured in the 

analyses; (1) the percentage of cementing material was too 

high; (2) the percentage of clays as determined from the pan 

was also too high.- The combined percentage total of the
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cement anc clays in the conglomerate was between 25 and 50 

percent in all samples. Thus the histograms show only those 

elastics which survived the leaching process. At least 30 

per cent of this remaining material was colorless quartz, 

and the remainder was red and gray chert. •
30

Histograms of the- conglomerate show a secondary maxima

(fig. 2), except in the sections at Mile ,500 and 523, and

only by a few per cent at Cedar Ridce. Pertaining to the
31

secondary maxima, Udden states that "when a •transporting

medium is supplied with sufficiently heterogeneous material

it will tend to carry and to deposit more of two certain

sizes of materials than of any other sizes". The cause of

this polymodal distribution of sediments in this rock unit

is in doubt. However, glacial till, stream gravel deposits,

and even wind deposits, often show a polymodal distribution 
32

of sediments. .

The channel fills, stringers and lenses which occur in 

this conglomerate indicate a subaqueous environment of deposi 

tion, and possibly, this conglomerate is a- stream deposit. 

However, the persistence of this thin rock unit over such a 

wide area, in the same apparent stratigraphic position,

30
Pettijohn, F. J., Sedimentary Rocks: Harper and Bros.,

p. 31, 1949.
31 • • '

Udden, J. A., Mechanical composition of clastic sedi
ments: Geol. Soc. Am. Bull., vol/ 25, p. 732, 1914.

52.
Pettijohn, F. J,, idem., p. 40, 1949. -
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might indicate flood plain deposition.

A comparison of the distribution of sands of a given 

size at the different section locations seems to indicate 

that in the Cedar Ridge area, there existed a barrier to the 

movement of sediments at the time of deposition. ,Very coarse 

sand increases in percentage from Lees Ferry to Cedar Ridge, 

then drops off to zero at The Gap, only to increase steadily 

to the Moenkopi V/ash area (fig. 3). ;■ .

The' percentage; of coarse sand fluctuates betv/een Lees ' 

Ferry and Cedar Ridge, becomes steadily less from Cedar 

Ridge to The Gap, and then increases toward Moenkopi Wash.

~- Medium-grained sand.fluctuates between Lees Ferry and 

The Gap, and then maintains a steady increase to,Moenkopi 

Wash.. - : '

Fine- and very fine-grained sand fluctuates across the 

length of the area. • . . '

Silt sized elastics are present in the least amount at 

Cedar Ridge. However, the greatest percentage of silt is 

found in the sections to the north and south of Cedar Ridge, 

and the percentage of silt decreases in both directions to 

the edges of the area. • : :/ ..

Working with a,series of samples representing only two 

dimensions of the area, it is impossible to postulate the 

exact source of the sediment. The pebbles of red chert, 

limestone, and mudstone could have been derived from,the -

Chinle formation, or. from older Paleozoic limestones. From .
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the angularity of these pebbles, they apparently travelled 

only a short distance. They may have made up a^part of a 

residual soil on the top of the Chinle surface.

Between the Cedar Ridge area and Uoenkopi Wash, the • 

southward decrease in silt and the corresponding increase in 

coarser sand implies a source for the material to the south.

This basal.conglomerate forms the bottom of the lower 

member of the Wingate sandstone, except at Lees Ferry and 

Moenkopi Wash, where it is at the base of the massive member. 

The lower member maintains a fairly constant thickness 

across the area, but reaches a vanishing point between Lees 

Ferry and Bitter Springs. :Thus it represents a lateral 

facies change from the massive Wingate sandstone.

When the basal Wingate deposits were forming in the Echo 

Cliffs area, a fluviatile environment is believed to have, 

existed. Evidence of this environment lies:in the thinness 

of bedding, 'flat bedding, low-angle cross lamination on a 

small- and medium-scale, and ripple-marked and mud-cracked 

surfaces. Rock units vary in thickness from a few inches to 

a few tens of feet, wedge out along the strike at distances 

varying from a few hundred yards to several miles, and have 

eroded top surfaces. This evidence indicates that shallow 

water conditions alternated with subarial conditions in this 

area.

Later, this environment changed, and the massive, cliff

forming member of the Wingate was deposited. The interbedded 

sandstones and siltstones within this member, at the base of
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the cliff indicate' subaqueous deposition. However, this 

condition changed rapidly, and an aeolian environment appears 

to have existed. This member contains cross laminations of 

the high-angle, tangential type, on both a medium and large 

scale. Locally, lenses and stringers of mud pellet conglom

erate occur within the member which appear to have been 

water deposited.

The massive upper member thins to the south (FI...XV), 

while the lower member tongues out to the north between Lees 

Ferry and Bitter Springs. Thus, within the Wingate sandstone 

a lateral facies change is indicated.

At the time of deposition of the Kayenta formation, 

conditions are believed to exist which were similar to those 

existing at the time of deposition of the lower member of the 

Wingate sandstone. The sedimentary structures, lithology, 

and general appearance of the Kayenta formation is identical 

to the lower member of the Wingate sandstone. Like the 

lower Wingate member, the Kayenta formation thins to the 

north, and is represented by only 50 feet of sediments at 

Lees Ferry XV). within the Kayenta a tongue of Wingate

type rock extends to the south, gradually becomes t’ninner, 

and cannot be traced beyond Willow Springs (PI..XV). Evi

dence seems to indicate that in the Echo Cliffs region, the 

Wingate sandstone and the Kayenta formation represent a lat

eral facies change that resulted from deposition under migrat 

ing environmental conditions.



Before the brief erosion period at the end of Kayenta 

deposition, isolated tongues of massive Wingate sandstone 

were deposited locally. Then the area apparently returned 

to an aeolian environment for the deposition of the Navajo 

sandstone.



Simple histograms of the basal conglomerate of the 
rtirgate sandstone between Lees Ferry and Mile Post 500.
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Simple histograms of the basal conglomerate of the 
Wingate sandstone between The Gap and Moenkopi Wash
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CHAPTER VI 

OTHER GEOLOGY 

Igneous rocks

Igneous rocks in the Echo Cliffs area are- represented by 

two dark greenish black, aphanitic, basalt dikes. One dike ■ 

is located near Mile Post 493, 5 miles south of The Gap, and 

,the other is exposed on the south wall of the Moenkopi Valley, 

about 5 miles southwest of Tuba City. .Both dikes strike 

north and are vertical. '

The dike to the south of The Gap. intrudes the Chlnle 

formation, the Wingate sandstone, and part of the Kayehta 

formation. . The dike disappears under talus that partly con

ceals the Kayenta formation, and does not reappear above 

this place. The locality was searched for two miles both 

to the north and south, but a continuation of. the dike. could 

not be found. Rocks of the Navajo sandstone in the area
.. = v. ■■ ; . • . :■* • >

above contain a vertical shattered zone, about 30 feet wide, 

but no relationshin .between this and the intrusive could be 

established. Although this dike has a general northward 

trend, the trace of its outcrop is sinuous. The dike is 3 

to 4 feet thick.
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The dike in Moenkopi Wash appears to have been intruded 

along a vertical fault plane. At its north end the beds are 

offset 15 feet, and the downthrown side is to the west.

This dike follows a straight course for at least 2 miles to 

the south. It intrudes the Kayenta formation and the Navajo 

sandstone. The sediments on both sides of the dike have 

been baked for 10 to 15 inches outward, and are more resistant 

to erosion than either the dike or the surrounding sediments. 

Thus, the position of the dike is marked by a serrated ridge.

Thin-section studies of these dikes have been made by 

Prof. Pirsson , who states that they are of basaltic charac

ter and that augite is the dominant mineral present.

These dikes are considered by Pirsson to be related to 

the basalt flows of the Hop! Buttes area, 60 miles to the 

southeast, and to other volcanic necks which are present in 

the Navajo country. On the basis of fossils found in rocks 

interbedded with the basalts of the Honi Buttes area, the 

basalts and dikes are considered to be of Pliocene age '.

33
Gregory, H. E.:, op. cit., p. 104, 1917.

34 .........
Williams, H., Pliocene volcanoes of the Navajo-Hopi 

country: Bull. ,Geol. ooc. Am., vol. 47, no. 1, pp. 111-172, :
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Structure

In the- Echo Cliffs area, as in much of the Navajo coun

try, the greatest structural features are eastward-dipping, 

monoclinal folds separated by essentially flat-lying strata 

of the plateau blocks.

The Echo monocline, beginning about 20 miles north of
‘

the Arizona-Utah state line, and terminating near the Little
35

Colorado River to the south, is 90 miles long . It is ap

proximately parallel to and 15 to 20 miles east of the East

Kaibab monocline. This monocline was first described by 
36 • " ' 37

Dutton and subsequently was named by Gregory . To the

east and west of this fold, strata are essentially horizon

tal.

From Lees Ferry to just south of The Gap, strata form-
’ ' • : : O

ing the Echo monocline dip as much as 37 East, From near

The Gap southward, the dip flattens greatly. At Willow
o ; o' ' . . '

Springs, it is 13 East, at Moenave, 5 East, and in the vicin

ity of Moenkopi Wash, dips vary from 1 to 5 East.

The trace of the Echo monocline does not- follow a straight 

line in the area studied, but has a sinuous course, with a

35
Baker,.A,-A., Geologic structure of southeastern Utah: 

Bull. Am. Assoc. Petr. Geol., vol. 19, no. 10, pp. 1472-1507, 
1935.

36' : '. . ' . . . . V •
Dutton, C. E . , Tertiary history of the Grand Canyon 

district: U. S . Geol. Survey lion. 2, p . 205, 1882.
37,

Gregory, H. E., op. cit., p. 114, 1917;.
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south-southeast trend.

The maximum structural relief in Utah on the Echo mono-
■ ■ ■■•. 38 '

cline is 1500 feet, according to Baker . Three thousand

feet of relief is a maximum for the area south of the Colo-
39

rado River', according to Gregory. .

The age of the folding in the monoclines is probably

no older than Larimide time, for in Utah, Upper Cretaceous

rocks are involved in the fold. .Within the Echo Cliffs area

no evidence is known that will date the fold, for the young- 
■ . ; ' -- ' ■ _ 40 •

est rocks represented here are of Jurassic age. Dutton

was of the opinion that the folding occurred in the Tertiary
41 / - -

Gregory states that if the Echo monocline was formed in 

the Tertiary, "it constitutes the one exception among a num

ber of similar structures which are demonstrably of pre-Ter

tiary age". The Escalante monocline, the Water Pocket fold, 

and the Defiance uplift, all involve rocks of Cretaceous age 

which were truncated before the deposition of Tertiary rocks

38
Baker, A. A., on. cit., p. 1485, 1935.

39 : .. :
Gregory, H. E., on. cit., p. 115, 1917.

40 ' ............... . ' .... ....
Dutton, C. E., op. cit., p. 205, 1882.

41 • . ■" . . ■ ■
Gregory, H. E., on. cit., p. 115, 1917.
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Faults '. :

Faults of great displacement were not observed in the 

Echo Cliffs area. From Lees Ferry to near Bitter Springs, 

small normal faults were observed which were parallel to the

cliff front and had 15 feet or less displacement.
' -\ h- . ' : 42 . ■

The area from which Strahler described slump blocks 

is a few miles northwest of Echo Cliffs.. Slump blocks are 

great masses of rocks which have faulted and slid downward 

and outward away from the cliff front. This massive slump

ing is said" to be caused^by the plastic flow of the Chinle 

formation under the weight of overlying rocks. Slump blocks 

of this:area occur only where the Chinle formation forms the 

bottom of the escarpment.

A reverse or comoressional type fault is reported by 
43

Lasson at Mile 4 on.the.Colorado River above Lees Ferry.
o o

The fault strikes N. 35 E, dips 70 M ,  and the northwest 

block has been elevated with respect to the southeast block. 

Rocks for 150 feet on either side of the fault are closely; 

fractured, with the'intensity of the fracturing decreasing 

away from the fault. According to Lasson, the age of this

42 ■ .
Strahler, A. N,, Landslides of the Vermilion and Echo 

Cliffs, Northern Arizona: , Jour. Geomoroh., vol. 3, p.. 285- 
301, 1941.

43 ...... ... r.........  ■..........  .......... .
Lasson, G. D . , Preliminary Geological Report, Glen Can

yon Damsite: U. S. Bur. Rec.,.Boulder City, Nevado, 1949.
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faulting can not be determined closely, but is post-folding.

Large high angle faults which occured northwest of Glen Can-
44

yon, near the western limits of the plateau province , cut

all formations including the Tertiary, but none of these

faults are in the Glen Canyon area. \ :
o

A vertical fault, striking U 5 W, is intruded by a dike 

in the Moenkopi Wash area. The downthrown side of the fault 

is on the west.

Ground water - g ' i *

Ground water is the most important natural resource 

found in this area. Its importance in this country is easily 

appreciated when it is realized that about half of the geo

graphic names in this country, both in the English and Navajo 

languages, refer to water.

At Lees Ferry a spring flows at the contact of the 

Chinle formation and the Wingate sandstone. The Wingate at 

this locality consists mostly of sandstone and contains little 

siltstone, so the first barrier to downward seeping water is 

the Chinle formation. On the other hand, this spring may be 

fed by the Colorado River, wliich.makes a wide, "U"-shaped 

meander above Lees Ferry. The rocks might be recharged on 

the north side of the "U", so that the water percolates

Lasson, G. D., op. cit., p. 18, 1949.
44
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through the Wingate sandstone to the spring at Lees Perry.

Navajo Springs and Bitter Springs are also located at 

the contact between the Chinle formation and the Wingate 

sandstone.

At Willow Springs, Moene.ve, and at several localities 

in Moenkopi Wash, springs issue from the base of the Navajo 

sandstone, or a few feet below it. This is because the 

Kayenta-Wingate strata in the southern part of the area are 

generally more fine-grained than to the north, and the Kay- 

enta formation is thicker and with many impervious siltstone 

and mudstone beds. The bottom of the Navajo sandstone in 

this area is usually marked by a line of vegetation.

In this general area many dug wells are located in the 

alluvial fill of the washes. Following a rainfall, the 

water in these wells usually has a high content of red mud, 

even though the water table is 20 feet below the surface of 

the ground. •

The rate of discharge of the springs and the quality of 

the water was not determined in this problem.



SUMMARY AND CONCLUSION

CHAPTER VII

The outstanding features of the Glen Canyon group as 

represented in the Echo Cliffs region are summarized in the 

following paragraphs.

A mappable contact, easily recognizable throughout the 

area studied, is present between the Chinle formation and 

the Glen Canyon group. This sharp, undulating contact is 

believed to represent an erosional unconformity at the top 

of the Chinle formation.

The presence of the Glen Canyon group between two ero

sional unconformities, and between rocks of Upper Triassic 

and Upper Jurassic age, plus the total faunal evidence, sug

gests that these rocks be classified as Lower Jurassic, 

rather than Jurassic (?).

The pebble and granule conglomerate v/liich occurs at the 

base of the Wingate sandstone was traced from Moenkopi Wash 

to Lees Ferry. It has also been observed by the author at 

Kayenta, Arizona, and Fort Wingate, New Mexico.

The Wingate sandstone and the Kayenta formation in this 

area are intertonguing formations, with Kayenta-type rocks 

underlying and overlying the massive member of the Wingate 

sandstone nearly everywhere.
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The contact between the bottom of the massive Wingate 

member and the lower. Wingate member (Kayenta type) is at 

the base of a zone of interbedded siltstones, sandstones, 

and mudstones.

The contact between the top of the massive Wingate mem

ber and the Kayenta formation is not sharp. It is located 

where there is a definite change in lithology or sedimentary 

structures.

The contact between the top of the Kayenta formation 

and the Navajo sandstone is arbitrary in some places'and 

sharp at others. Where it is arbitrary it is based on a 

change in lithology or sedimentary structures.

L



DESCRIPTION OF MEASURED SECTIONS

SECTION AT LEES.FERRY, NORTH SIDE OF COLORADO RIVER. 
(STRIKE N 15 .VV, DIP 23-30 E)

SURFACE OF RECENT EROSION
Feet

NAVAJO SANDSTONE:
17. Sandstone: grayish, orange, fine- to very

fine-grained, thin-bedded, cross-laminated, 
large-scale, friable; contains sand.concre
tions to 6 inches diameter; weathers yel
lowish gray, smooth; forms-cliff.... ........ .750.0/

16. Sandstone:; light brown, fine-grained, thin- 
bedded, cross-laminated, medium-scale, weath
ers smooth; forms irregular ledge......... . 15.0

15. Sandstone: dark reddish brown, very fine- »
grained, very thin-bedded, flat bedded, 
weakly cemented; weathers smooth, rounded, 
forms slope.................................... 1.0

14. Sandstone: very pale orange, fine-grained,
thin-bedded, flat bedded, friable;' weath
ers light gray, smooth; forms ledge.......... 5.0

13. Sandstone:: moderate red, fine-grained,
weakly calcareous, very thin-bedded, cross- 
laminated , large-scale,'friable; contains 
sand concretions g inch diameter; weathers
dark brown to black; forms cliff............. 55.0

Total Navajo sandstone * - - - - 824.0/

KAYENTA FORMATION: : 4
12.. Sandstone:: pale reddish browny very fine

grained , highly calcareous,: very thin-bedded,
. flat bedded; top 1 foot contains sand con- - 
eretions; weathers rough, irregular; forms 
ledge.... ...... ...... .....  . . . . . ............... 3.0



53.
Feet

11-- Sandstone: pale reddish brown, very fine
grained, calcareous,:thin- to very thin-bed
ded,, flat bedded and cross-laminated, small- 
scale ; weathers smooth, rounded to blocky; 
forms ledge... ............... .................. 23.0

10. Limestone: grayish orange pink, finely
crystalline,. very thin-bedded, flat bedded; 
weathers rough, blocky; forms ledge......... 0.5

9. Sandstone: pale reddish brown, very fine-,
grained, thin-bedded, flat bedded; top 2 
feet of unit a gray sandstorm highly calcar
eous ; weathers smooth, blocky; forms cliff.. 33.5

8. Sandstone: moderate reddish brown, very
fine-grained,.massive;'weathers smooth, 
rounded; forms s l o p e ..... ....... . 5.0

Total Kayenta formation 65.0
WINGATE SANDSTONE (CLIFF'MEMBER)

7. Sandstone: pale reddish brown, fine-grained,
cross-laminated, large-scale, firmly cemen
ted; bottom 9 feet contains lenses of mud
stone-pellet conglomerate; weathers smooth, 
blocky ; forms cliff . ........... ....... .. 36.0

6. Sandstone: moderate reddish brown, very fine
grained, cross-laminated, small-scale, weakly 
cemented; top 3 inches of unit a mudstone; 
contains thin wedges of sandstone; weathers 
rough, irregular; forms slope............... 18.0

5. Sandstone: pale reddish brown, fine-grained, ;̂
very-thin-bedded, cross-laminated, raedium- 
and large scale, firmly cemented; bottom 10 
feet of unit contains mud-pellet conglomer
ates interbedded with fine-grained sandstones; 
weathers dark reddish brown to black, smooth, 
blocky; forms cliff.............. ............105.0

4. Sandstone: pale reddish brown, very fine-
to fine-grained, very thin-bedded, cross- 
laminated, medium-scale; cross-lamination of 
compound, tangential type; top of unit con
tains leached streaks; weathers smooth, 
blocky; forms cliff..........................  62.0



3. Sandstone: pale reddish.brown, very fine
grained , very thin-bedded, flat bedded and 
cross-laminated, medium-scale; contains 
zones of ripple-marked and mud-cracked sur- 

■ faces; weathers pale reddish brown, smooth,
rounded; forms irregular cliff.............

2. Sandstone: moderate reddish brown, very
fine-grained, thin-bedded,. cross-laminated, 
large-scale, firmly cemented; weathers dark 
reddish brown, smooth, biocky; forms cliff.... 47.0

1. Conglomerate: yellowish gray, -thin-bedded,•-
calcareous, firmly cemented; weathers light

• brown to light gray/ smooth; forms ledge...... 2.0
Matrix: yellowish gray, medium-grained,1
silty sandstone. .
Gravel: red chert pebbles, 7-50-mm.-diam- •-
eter, angular to sub-round; limestone pebbles 

’ up to 25 ram. diameter, sub-round; colorless - 
quartz granules, well rounded. _____

Total Wingate (cliff member) 368.0

EROSIONAL UNCONFORMITY: •

Erosion surface, contact sharp, undulating; 
embayments 1 foot deep on top surface of •
Chinle formation. > : •

CHINEE FORMATION: ; ; - . ...... ... , .......... ' .
Siltstone: moderate reddish brown, silt,
massive bedded , calcareous; contains - abundant * 
green spots; top of unit leached light green;

• weathers irregular, rough; forms slope....... 3.0

54.
Feet

98.0



55
SECTION NEAR MILE POST 523, SOUTH OF BITTER SPRINGS 

(STRIKE N 5 Y/, DIP 15-25 E)

: Feet
SURFACE OF RECENT EROSION.

NAVAJO SANDSTONE:

41. Sandstone: pale reddish brov/n, fine-grained,
laminated, cross-laminated, large-scale; 
weathers moderate"brown, smooth, rounded; 
forms :cliff............... ................ 78.0/

40. Sandstone: pale reddish brown, fine-grained,
■ ■ laminated/ flat bedded and'cross-laminated, 

medium-scale; weathers smooth, rounded; 
forms ledge...................... ... ....... . 3.0

39. Sandstone: moderate reddish brov/n, medium-
. grained, very thin-bedded, cross-laminated, 

large-scale, firmly cemented; weathers smooth, 
rough; forms ledge............................  10.7

Total Navajo sandstone 91,7/

KAYENTA FORMATION: ...
38. Sandstone: light gray,fine-grained, lam

inated, flat-bedded, weakly cemented; con
tains yellow streaks; weathers light gray, 
smooth; forms slope......... 0.5

37. Covered: forms slope........................ . 4.0

36. Limestone: light brov/n, finely crystalline,
thin-bedded, flat bedded; contains bands of 
red and gray chert; weathers dark gray, rough, 
blocky; forms ledge. .................. .......  1.5

35. Sandstone: pinkish gray, fine-grained, very
thin-bedded, cross-laminated, medium-scale, 
weakly cemented; weathers smooth, rounded; 
forms cliff.................................. 23.6

34. Sandstone: pale red, fine-grained, very
thin-bedded, flat bedded,.weakly cemented;. .
weathers rough, pitted; forms bench and
cliff... .. .........................;............ 16.2

33. Sandstone: light brown, fine-,to medium-■ :
grained, laminated, cross-laminated,•medium- 
scale, friable; contains stringers of



56.
Feet

raedim and coarse sand; .weathers smooth, • 
blocky; forms cliff..........................  46.0

32. Sandstone: light brown, very fine-grained,
calcareous, cross-laminated, medium- and • - 
small-scale; partly flat bedded; unit mostly 
covered; weathers smooth, blocky and rounded; •
forms slope............................... . 56,6

31. Sandstone: light brown, very fine-grained,
cross-laminated, large scale, firmly■cem
ented; weathers dark brown to black; Win- 
gate-type lithology;• forms cliff............ 48.6

30. Sandstone: dark reddish brown, very fine
grained, laminated, cross-laminated, medium- 
scale ; weathers smooth, rounded; forms 
irregular led'ge............................. 37.0

29. Sandstone: pale.red, fine-grained, cross-
larninated, medium-scale; top 1 foot of unit 
leached gray; weathers smooth, blocky; 
forms cliff........      22.6

28. Covered: :forms slope....................... 21.5

27. Sandstone: light brown, fine-grained, lam
inated, cross-laminated, medium-scale; con
tains a 1 foot dense of mud pellets, 4 feet 
from bottom; weathers smooth, blocky, forms 
cliff............    17.0

26. Covered: forms slope....................... 6.0

25. Sandstone: pale reddish brown, very fine
grained, very thin-bedded, cross-laminated, 
medium-scale, firmly cemented; weathers 
smooth, blocky; forms ledge.......   6.4

24, Covered: forms slope.... ...................   24.0

23. Sandstone: pale reddish brovm, fine-grained,
laminated, cross-laminated, medium-scale; con
tains lenses of coarse sandstone; weathers 
smooth; forms ledge......................... 32.0

22. Covered: forms slope........................  18.0

21.. Sandstone: pale reddish brown, fine-grained,
thin-bedded, flat bedded; contains abundant 
leached spots; weathers smooth; forms ledge. 1.5
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Feet

20. Covered: forms slope.............. v v........ 5.0

19. Sandstone: pale reddish brov;n, very fine
grained, very thin-bedded, flat bedded, • -
weathers smooth, rounded; forms ledge......  5.0

Total Kayenta formation 333.5

WINGATE SANDSTONE (CLIFF MEMBER): '

13. Sandstone: moderate■reddish brown, fine
grained, very thin-bedded, cross-laminated, 
medium scale, weathers smooth, rounded;
forms ledge . ........................  5.0

17. Sandstone: grayish red, fine-grained, very
thin-bedded, cross-laminated, large-scale; 
contains yellow bands and streaks, rare; 
weathers smooth, dark brown to black; forms 
cliff.......          54.5

16. Sandstone: pale reddish brown, fine-grained,
laminated, cross-laminated, medium-scale; 
contains.rare leached spots; unit contains • 
mud pellet lense 6 feet thick; weathers dark 
brown to black, smooth; forms cliff........ 59.0

Total Wingate (Cliff Member) 118.5

WINGATE SANDSTONE (SLOPE MEMBER):

15. Sandstone: pale red, very fine-grained, thin-
bedded, flat bedded; bottom 3 inches contains 
mud pellets; forms ledge.........     7.7

14. Covered: forms slope............     15.0

13. Sandstone: pale reddish brown, very fine- •
grained, very thin-bedded, cross-laminated, 
small-scale; weathers smooth; forms ledge... 14.0

12. Covered: forms slope........ ......    . 1 2 . 0

11. Sandstone: moderate reddish brown, fine
grained, massive bedded; contains leached . 
spots, common; weathers smooth, rounded, forms 
cliff.......................................... 24.0

.10. Sandstones and siltstones: alternating beds
of sandstone (1-3 feet) and.siltstone(4-6 feet) , 
forms slope..........................   30.0
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. ■. v;. ; ".: ̂  " ' .... Feet

9. Sandstone: dark reddish brown, fine-grained,
thin- to tliick-bedded, flat bedded; contains 

, ■ leached spots, common; weathers smooth,
rounded; forms ledge.,..... ..................  6.0

8.
7.

Covered:- forms slope.......v...... ............... 32.5

Sandstone: pinkish-gray, fine-grained, "lam
inated , cross-laminated, small-scale, firmly 
cemented; -weathers light gray,, smooth; forms
s1Opo......».*...» 1.0

6.. Mudstone: dark reddish brown, thinly lamina
ted, weakly cemented; contains leached spots, 
.common; weathers .-rough; forms slope........... 1.0

5. Sandstone:. moderate reddish brown,-very fine
grained, thin-bedded, flat bedded, weakly 
cemented;.contains ripple.marks on top surface; 
weathers smooth, rounded; forms ledge........ 3.0

4. Sandstone: moderate reddish orange, very fine
grained , laminated, cross-laminated, small-and 
medium-scale; contains leached spots, common; 
weathers;light reddish-brown, rough; forms 
ledge............................. . 7.0

3. Sandstone:. .moderate;reddish -brown, very fine
grained, very.thin-bedded, flat bedded; contains.

. leached: streaks,, common; weathersimoderate_red
dish brown; rough,cfoymo irregular slope..... 5.0

2. Sandstone: . yellowish,gray, very fine-grained, 
calcareous, thick-bedded, flat bedded; weathers 
moderate gray to brown, smooth; forms ledge.. 8.0

1. Conglomerate: yellowish-gray, thin-bedded,
flat bedded; weathers rough; forms’- ledge..... 0.5

.VMatrix: yellowish-gray 'siltstone. ....... . %
Gravel: ■. :red: chert pebbles, - 5-6 mm. .diameter, 
angular; colorless quartz; and red chert, 4 mm. 
-diameter, ‘ sub-angular to round. : ____

Total Y/'ingate (Slope ■ Member) 166.7
UNCONFORMITY: . . ................... .. ;0.6

-Erosional surface; contact:sharp,1undulating.

CHINLE FORMiiTIOlV:.. : . : i : y ^ r
Siltstone: grayish.red,.silt,.massive, firmly .

' cemented; top 6 inches of unit leached.green; 
weathers rough; forms slope.................. 2.0
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SECTION EAST OF MILE POST 514, 7 MILES NORTH OF CEDARRIDGE. : : - (STRIKE N-30 V/, DIP-12-22 E): ■ •

SURFACE OF / RECENT EROSION ..... , , "t c . '
NAVAJO SANDSTONE: . . ‘ : ^ - Feet

39* lSandstone: } grayish orange, fine- to medium-:
grained, weakly cemented, thin-bedded;: cross- - : •

. laminated, large-scale, friable; locally
contains yellowish brown spots; weathers ' =light grayish brown, smooth; forms' overhang
ing: cliff. . . . . . .  ....... .. ............. 1144.0

KAYEI^TA FORLIATI ON:. ' "
38. Sandstone: very pale orange, fine-grained,

■weakly cemented, very'thin-bedded, flat 
Jbedded, friable; top 1 inch of unit a reddish 
brown siltstone; contains small, thin lenses
of siltstone; weathers moderate gray; forms• ■
ledge......... ....... .................. . - 2.0

37• Sandstone: pinkish gray, very fine-grained,
calcareous, thin-bedded, flat bedded; contains 
yellow spots, common; weathers light gray,
forms ledge........... . 1 .......... . 0.5

3 6. Sandstone: very pale orange, very fine-grained, 
calcareous, thin-bedded, flat:bedded, • friable;

- top of unit contains 1 inch of red:siltstone; 
contains yellow and black-spots; weathers - f l .
light gray, rough; forms s l o p e . . , . 1.5 

35. Siltstone: light-brown, coarse silt, calcar
eous, very thin-bedded, gnarly bedded; con
tains abundant leached spots; weathers -light • h; . 
brown; forms slope.....'........ v . ............ 3.0

34. Sandstone: white, fine-grained; calcareous,
very thin-bedded, flat bedded, friable; con
tains sand nodules; contains light yellow: 
spots; grades up to a yellowish gray, very . 
fine-grained sand at top; weathers yellowish
gray and brown; forms ledge.................. 3.5

33. Siltstone: light brown, coarse.silt, cal
careous, very thin-bedded, gnarly bedded; 
contains leached streaks and spots; top b inches
leached to a light greenish gray; weathers
light brown; forms slope....................  10.0

32. Sandstone: pinkish gray,.fine-grained,:cal
careous, firmly cemented, thin-bedded, flat 
bedded, weathers light gray to brown; forms
ledge............... ........................ 4,6

31. Siltstone: pale reddish brown, argillaceous,
weakly cemented, very thin-bedded, massive; 
contains leached spots; weathers moderate 
reddish brown; forms slope................... 29.0
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20. Siltstone: light brown, coarse silt, weakly
cemented, thick- to very thick-bedded, flat 
bedded, friable; contains leached streaks 
weathers dark reddish brown to blue black;
forms ledge..... ......... ...................  16.0

2?. Sandstone: pale reddish brown, very fine- , _
grained, weakly cemented, thin- to very thin- 
bedded, gnarly bedded; contains abundant leached 
spots; weathers pale reddish brown; forms slope.49.0

28. - Sandstone: .. light brown, very fine-grained, .
calcareous, thin- to thick-bedded, flat bedded; 
bottom of unit cross-laminated,small-scale; 
weathers moderate brown; forms ledge.......... 11.0

27. Siltstone: moderate reddish brown, coarse
silt, argillaceous; thin-bedded, cross-lamin
ated, small-scale; unit thickness decreases 
to 8 inches 10 feet laterally; contains a 
light greenish gray horizon 6 inches thick, '
6 inches from top; weathers dark reddish
brown, smooth; forms slope............... .....  2.0

26. Sandstone: moderate reddish orange, very fine
grained, weakly cemented, thick bedded, cross- 

. laminated, medium-scale, friable; contains 
ripple marks near top of unit; weathers moder
ate reddish brown, smooth, blocky; forms.cliff. 26.0

2 5. Siltstone: dark reddish brown, fine silt, ar
gillaceous, very thin-bedded to laminated; ' -
unit mostly covered; top one inch of unit very 
light gray mudstone; weathers dark reddish
brown; smooth, rounded; forms slope.... ......  42.6

24. Sandstone: grayish orange, fine-grained, .
weakly cemented, thin-bedded, cross-laminated, 
small-to medium-scale; friable in part;
weathers light, brown, forms ledge......... . 12.3

23. Sandstone and Siltstone: pale reddish brown,
fine-grained sand to coarse silty laminated to 
very thin-bedded, flat bedded and cross-lam
inated small- and medium scaley alternation ' 
of sandstone.and siltstone beds; forms slope.. 122.4

Feet

Total Kayenta formation 363.8
WINGATE SANDSTONE (CLIFF MEMBER)

22. Sandstone: grayish orange pink, fine-grained, 
massive bedded, weakly cemented; weathers 
light gray; forms ledge.... . . . Y . V . Y V . ' 5 . O'

21. Sandstone: pale reddish brown, fine-grained,
very thin-bedded, cross-laminated medium-scale, 
weathers moderate red, smooth", rounded; 
forms cliff.................. .♦......... v.. 18.6
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20.. Sandstone: greyish orange pink,' very fine- •
grained, calcareous, thin bedded, cross- 
laminated, medium-scalebottom 1 foot con
tains lenses of light brown, fine-grained--•. 
sandstone; contains 1 foot zone of sand con
cretions 10 feet from bottom; weathers gray
to moderate brown, smooth; forms cliff....... -61.7

19. Sandstone: grayish red,-fine-grained,-weakly '
calcareous, very thin-bedded, flat bedded, 
friable; contains nale red spots; weathers 
yellow brown; forms ledge........ . 10.0

18. Conglomerate: grayish orange,thick-bedded,
cross-laminated, medium-scale;-grades up to•• 
a fine-grained sandstone at top; forms ledge. 5.0 

• Matrix: grayish orange, fine-grained sand--
stone. -
Gravel: pebbles up to 10 mm., diameter. ' '

17.. Sandstone: pale reddish brown, fine-grained,
calcareous, thick bedded, cross-laminated, 
small and medium-scale; weathers-blue black 
to dark reddish brown, smooth, blocky; forms 
cliff...... ....... ....... ....................  35.5

Feet

Total Wingate (Cliff Member) 154.4

WINGATE SANDSTONE (SLOPE MEMBER)
16. Sandstone: pale reddish brown, very fine-■- *

grained, calcareous, very thin-bedded, flat 
bedded; contains abundant leached spots; 
weathers mottled gray and reddish brown;
forms : slope............................. .......  19.2

15. Sandstone: same as Unit 13..... .;..... . 2.0

14. Siltstone: same as Unit 10.................. 1.5

13. Sandstone: moderate reddish orange, to pale
red, very fine-grained,. calcareous, thick bed
ded; contains minor amount of siltstone: 
weathers,moderate reddish brown, smooth, round
ed ; forms ledge and slope.................. .. 6.0

12. Siltstone: light brown, coarse silt, calcar-
eous, thin- to very thinly-laminated; fissile 
in part; flat bedded and;cross-laminated, - 
small-scale; contains leached spots and streaks; 
contains few -thin sandstone ledges; weathers , 
dark reddish brown, smooth; forms slope..;;;. 35.5
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Feet

11. Sandstone: pale reddish brown, fine grained,
calcareous, very thin-bedded, cross-laminated 
small-scale; contains leached spots, weathers 
moderate reddish brown; forms ledge.......... 2.0

10. Siltstone: pale reddish brown, fine silt,
argillaceous, thinly laminated, fissile, cross- 
laminated, small-scale; weathers moderate red- . 
dish brown;, forms slope............... .......  0.75

-9. Siltstone: moderate orange pink, coarse silt,
calcareous, very thin-bedded, cross-laminated, 
small-scale; contains leached spots; contains 
mud cracks at top of unit; weathers dark brown;
forms ledge .................................  3.0

8. ; Siltstone:• pale red, fine silt, calcareous, 
thinly laminated, fissile; cross-laminated, 
small scale; weathers reddish brown to gray; 
forms slope ................................... 11.5

7. Sandstone: pale reddish brown, very fine
grained, silty, calcareous, thin- to thick- 
bedded, flat bedded; contains few leached . 
spots; weathers reddish brown; forms cliff... 47.0

6. Sandstone: pale reddish brown, very fine
grained, calcareous, thin-bedded, flat bed
ded; contains abundant leached streaks and 
spots; weathers reddish brown; forms slope... 52.0

5. Sandstone: pale red, very fine-grained, cal
careous, thin-bedded, cross-laminated, small-
scale; weathers gray; forms ledge............  1.0

4. Siltstone: pale reddish brown, silt, calcar
eous, thin-bedded, flat bedded; contains 
leached spots; weathers reddish brown; forms 
slope........................................... 8,0

3.- Sandstone: pinkish gray, very fine-grained,
calcareous, thin-bedded, flat bedded; weath
ers gray, blocky; forms ledge............. . 0.5

2. Siltstone: pale reddish brown, silt, calcar
eous , top 3 inches cross-laminated, small scale,
contains leached spots, common; weathers light 
brown, smooth; forms slope.................... 6.2 1

1. Conglomerate: pale reddish brown, thin-bedded,
flat bedded; weathers rough; forms slope..... 0.5
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Matrix: light gray, calcareous: siltstone'.
Gravel: 1 pebbles, 5-6 mm. diameter; angular 
to sub-angular; composed of light gray lime
stone and gray chert, common; 5-4 mm. peb
bles, sub-angular to sub-rounded, red chert, 
rare.

Total V/ingate (Slope Member).. 196.4

Feet

EROSIONAL TEJCOIvFORMITY: .....  . j :

Erosional surface, contact sharp, gently un- • 
dulating, 1-2 feet of relief.

CHINLE FORMATION:

0. Limestone: moderate orange pink, very fine-
crystalline, calcareous, firm, thick-bedded, 
flat bedded; contains secondary calcite. crys
tals ; weathers light brown to gray, rough, 
forms ledge.................... 7 . .  5.0



SECTION AT CEDAR RIDGE, EAST OF MILE POST 506. 
. ; • . (STRIKE N 30 V/, DIP 22-34 E)

SURFACE OF RECENT, EROSION. ' " : ' ' ; : _ " ' ' " ' ' '

NAVAJO SANDSTONE: " ' ... ‘

27.- Sandstone: pinkish to yellowish gray, with
• zones of dark reddish brown; fine-grained, 
weakly calcareous, very-thick bedded, cross- 
laminated,. large-scale; weathers light gray 
to brown; forms vertical c l i f f s . .......'

KAYENTA FORMATION: : ' ' "'V ' ' ' '

26. Siltstone: moderate reddish brown, coarse
silt, argillaceous, very thin-bedded, flat- 
belded; weathers moderate reddish brown;' 
forms ledge.... . ..... .. . . ..... . . .... 33.5

25. • - Sandstone: moderate reddish orange, fine
grained, calcareous, thin-bedded, flat-bedded, 

v. friable; contains many ripple-marked surfaces; 
weathers medium gray; forms ledge........... 6.0

,24. Siltstone: moderate reddish brown, coarse
. silt, argillaceous, very thin bedded, flat- 
bedded; unit, contains two one-foot beds of 

. sandstone; top 3 inches leached greenish gray; 
contains greenish gray leached spots, common; 
weathers dark.reddish brown, rough; forms
slope;. ___ _. . . . . . . . . . . . : 45.5

23. Sandstone: .pinkish,gray, .fine-grained, thin-- - , 
bedded,* cross -lamina t ed, medium scale; weath-" 
ers dark gray to:brown, .rough; forms cliff.. 28.0

, 22. Siltstone: pale reddish brovm, silt, thin-
• •: bedded, flat-bedded; part. of unit covered;

contains leached streaks; weathers moderate
• reddish brown; forms slope.................. 56.5

Feet

290.0



65-.
■ ... .■ ; . . . .  .... Feet:

21. Sandstone: ;; pinkish gray, fine-grained , cal
careous, thin-bedded; cross-laminated small- 
and medium-scale; friable; contains small 
lenses ;of green mud fragments; weathers light •

' gray, forms ledge;.......... . . . . .  2.0
20. Mudstone: : pale red, very .thin-bedded,- flat *

bedded; unit mostly covered; weathers modern ‘-: 
ate reddish brown, forms slope;;.V......... 12.0

19. Sandstone: pale reddish brown, fine-grained,
weakly * cemented, very thin-bedded, • pseudo ---.......
cross-lamination small-scale; .contains ripple 
marks, abundant; weathers reddish brown, forms ■

... /.ledge.............. ........... ...................  5.0
' lo. Siltstone: pale reddish brown, coarse silt,

weakly cemented, very thin-bedded, massive,
' contains .leached streaksabundant; in middle 

of unit contains a 1 foot thick, grayish fed, 
very fine-grained/sandstone; weathers moder
ate reddish brown, • forms * slope 1;; a n  : . * 2 2 . 0

17.’ Sandstone: white; fine-grained; calcareous,
thin-bedded, cross-laminated medium-scale, ' '  
friable; contains mudstone:fragments/in len-.

• ses;; weathers light'gray; forms ledge;. 2.5
16. Siltstone: pale reddish'browh;’siltj very- ■1 • - -

thin-bedded; contains leached spots, abundant;
70%;of unit covered;;weathers moderate reddish 
brown;; forms slope....................-.;.... 28.0

15. Sandstone: pale to moderate reddish"brown;
fine-grained, calcareous, thin-bedded, flat-" 
bedded; contains s.inch leached spots; contains 
a conglomerate which lenses;out within.20 feet 
horizontally; 'weathers.1 moderate/reddish brown; 
forms; cliff.... v . i.. ;; ............... V; V.... 18.0

14. Covered: '. some.:pale reddish, brown mudstone";
laminated,;fissile; contains leached streaks; 
forms 5 slope.; . ; . . . . . . 15,5

v ;:/ ; -' i - - ;: Total Kayenta f o r m a t i o n ; 285^5'

WINGAT2 SANDSTONE/ (CLIFF MEMBER) : v ; • , 1 - " / ; /f- :J ™
12. Sandstone:/; .very light gray, fine-grained;* 

thihrbedded, cfoss-laminated-medium scale;- 
friable; color‘grades*to * light•brown;locally; -4 *r
weathers moderate gray; forms l e d g e . \ 6.0 

12. Sandstone:/ pale"reddish brown; very fine-'
grained, calcareous; massive bedded;;contains 
leached/spots, ̂ abundant; /top 'few- inches, a4 “ 
fissile"mudstone; weathers moderate reddish4 '' 
brown, forms"slope. ;.v: ;  12.0..

11. Sandstone: pale’reddish'brown;‘fine-grained; ■
calcareous, very thick-bedded, massive; con
tains an 8 inch bed of medium-grained sand-
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stone 10 feet from top; contains pale yellow 
brown bands varying f rom 1 inch, to 8 feet in 
thickness, of lenticular shape; weathers v'’ 
light brown; forms cliff .. ........ ....... 58.5

10. Conglomerate: dark, reddish, brown,, thin,-. . „
bedded, cross-laminated, medium-scale,weath-. 
ers dark" reddish brown; forms; slope..... . 2-3
Matrix: .pale reddish brown, fine-grained, .. 
sandstone. : ■
Gravel: 10-20 MM, flat,- mudstone pellets. ______

, Total Wingate^ (cliff member) 60.5

WINGATE SANDSTOInE (SLOPE MEMBER) :' ' ' ' " " .. ..... '.......

9. Sandstone: pale red, fine-grained, calcar
eous, thick-bedded, cross-laminated, medium- 
scale, friable; weathers moderate reddish
brown; forms ledge......................... 5*0

8. Siltstone and sandstone: pale reddish brown,
silt to fine-grained, thin-to very thin-bedded, 
flat bedded; alternating thin(1-2 feet) beds 
of sandstone, with 5-8 foot beds of siltstone; 
weathers moderate reddish brown; forms slope.. 40.0

. 7* Sandstone: pale reddish brown, fine-grained,
calcareous, very thin- to thin-bedded, flat 
bedded; contains.a 2 foot.bed of grayish red 

“ mudstone 18 feet.from bottom; top 2 feet of ,
unit contains abundant ripple marks; weathers . 2«■:
dark brown, "smooth; forms cliff..............  24.2

6. Siltstone: moderate reddish orange to light
reddish brown, silt with interbedded fine
grained sandstone layers up to 2 feet thick; 
calcareous; very thin- to thin-bedded; flat 
bedded; cross laminated small- and medium 
scale; contains leached spots and streaks, 
abundant; weathers light reddish brown;
forms slope.............................. 7 5 .0

5. Sandstone: light brown, fine-grained, weakly
cemented, thin-bedded, cross-laminated,small- 
scale; contains stringers of white, medium
grained sand; weathers moderate brown, forms
ledge..................... ....................  14.0

4. Siltstone: moderate reddish brown, fine silt,
argillaceous, very thin-bedded, cross-lamin
ated? small scale; contains small leached 
spots; top 1 foot of upit a grayish red mud
stone; top 1 inch leached light greenish gray; 
top of unit undulating; weathers light brown; 
forms slope.............. .................... .

Feet

15.5
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3. Sandstone: light brown, fine-grained, cal
careous , very thin-bedded, flat bedded, con
tains leached spots, rare; top 2 feet replete 
with ripple marks; weathers moderate brown;
forms ledge....................................

2. Conglomerate: pale reddish brown, very thin-
bedded; weathers moderate reddish brown; con
tains lenses; forms ledge....................
Matrix: colorless to light red, medium- to
coarse grained, calcareous, sandstone..
Gravel: : 4-15 MM, angular.to subrounded,.com
posed of red chert, with minor amounts of 
gray and colorless quartz, and gray limestone,

Total Wingate (slope member)

Total Wingate Sandstone
UNCONFORMITY:

Erosional surface, contact sharp, undulating, 
with channel two feet wide, one.foot deep, 
filled with conglomerate of overlying unit.

CHINLE FORMATION:

1. Siltstone: moderate reddish brown, argilla-s
ceous, very thin-bedded; weathers light brown; 
forms s l o p e . ....... ...............

4.0

1-2

Feet

■179.7
240.2

2.0
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SECTION NEAR MlLE POST .500, 2 MILES NORTH OF THE GAP TRADING 
POST. (STRIKE N 47 V/,- DIP 30-40 E) • ;

NAVAJO S A N D S T O N E . Feet

35. Sandstone: very pale orange, fine-grained, '
laminated to very thin-bedded, cross-lam
inated, large-scale; ■weathers smooth, 
rounded; forms cliff..........................100.0/

34. Sandstone: grayish red, fine-grained, lam
inated to very thin-bedded, cross-laminated, 
large scale; bottom contact rolling, 5-6 feet 
of relief; weathers rough, knobby; forms cliff25.5

Total Navajo sandstoner - 125.5/
KAYENTA FORMATION:

33. Covered: forms slope........................  27.6

32. Limestone: light greenish gray, aphanitic,
thin-bedded, massive, contains gray chert 
nodules ;• weathers rough, blocky; forms 
ledge.........................................  2.0

31. Sandstone: light greenish gray, fine-grained,
laminated, cross-laminated, medium-scale, 
calcareous; weathers smooth, angular; forms 
ledge.........     11.5

30. Sandstone, siltstone, and mudstone: inter-
bedded units, 1-5 feet thick; flat bedded 
and cross-laminated, small-scale; forms 
irregular slope............................... 155.0

29. Limestone: moderate,brownish.gray,.aphan-
itic, very thin-bedded, flat bedded; contains 
chert nodules; weathers rough, pitted; forms
ledge.......................... .......... .. 2.0

28. Sandstone: pinkish gray, medium-grained,
laminated, cross-laminated, large-scale; 
weathers knobby; forms ledge......:......... 17.0

27, Sandstone and siltstone: pale reddish brown
to pale red, fine-grained to silt, laminated 
to very thin-bedded, flat bedded and cross- 
laminated, small-scale; alternating beds of
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Feet

sandstone (1^40 and siltstone (1-20 feet); 
forms major slope........................ 120.0

26. Sandstone: pale red, very fine-grained, ■;
thin-bedded, flat bedded; contains-leached. 
streaks, common; weathers rough; forms slope. 12,0

Total Kayenta formation" 547.0

WINGATE SANDSTONE (CLIFF MEIIB3R): .

25. Sandstone: pale red, fine-grained, cross- , .
laminated, medium-scale; contains mud-pel
let lenses; top 1 foot leached light gray; 
weathers rough, rounded; forms ledge.... . 50.0

24. Sandstone: light brown, fine-grained, lam
inated, cross-laminated, medium-scale, 
firmly cemented; contains abundant leached 
spots; weathers rough, pitted, forms ledge. 4.0

25. Sandstone: light brown,.fine-grained, lam
inated, cross-laminated, large-scale, 
firmly cemented; top 1 foot leached light 
gray; weathers smooth, rounded; forms
ledge........................ .............. 11.5

22. Sandstone: pale reddish brown, fine-grained,
laminated, cross-laminated, large-scale, ■ 
firmly cemented; contains yellowish brown 
streaks; contains lenses of mud-pellets;- - -h
weathers smooth, blocky; forms cliff....... 68.5

21. Mudstone: dark reddish brown, laminated,
flat bedded, weakly cemented; contains ; 
leached streaks,.common;.unit.wedges-out. -•
100 feet laterally; weathers smooth,
rounded; forms ledge............ ...... .. 3.0

20. Sandstone: pinkish gray,-very-fine-grained, -
thin-bedded, cross-laminated, medium-scale; 
contains mud pellets'in-bottom-2-feet-of unit; I.- 
weathers smooth, angular; forms ledge.....  5.0

Total Wingate (Cliff Member) 142.0



Feet
WINGATE SANDSTONE (SLOPE MELCBER) :

19. Sandstone: pale red to pinkish £ray bands,
‘very fine-grained, laminated, flat bedded; 
weathers smooth, blocky; forms l e d g e ; . 2.0

18. Sandstones and siltstohes: moderate to
dark reddish-brown,; fine-grained to silt, • 
flat bedded and cross-laminated, small-and 
medium-scale";: units interbedded; weathers- ■
as series of slopes arid ledges; forms
major slope...................... ....... . 55.0

,17. Sandstone: moderate reddish brown, fine- '
grained, laminated, cross-laminated, medium- 
scale, firmly cemented; weathers smooth, 
rounded; forms ledge.... ....... . 14.0

16. Mudstone: dark reddish brown, thinly lam
inated, flat bedded, weakly cemented; con- 
tains leached streaks; weathers smooth, 
rounded; forms slope........ ................  4.0

15. Sandstone: moderate reddish brown, fine-
grained,"massive bedded, calcareous; weath
ers smooth, blocky; forms ledge....... . 4.0

14. Siltstone and mudstone: dusky red to moder
ate reddish brown, silt to mud; flat bedded . 
and cross-laminated, small-scale; inter
bedded units; forms s l o p e 93,0

13. Sandstone: moderate reddish brown, very
fine-grained, laminated, flat bedded; contain
abundant leached 'spots; weathers smooth,
rounded; forms slope......................... 7.3

12. Mudstone: dark reddish brown, fissile; top
1 inch of unit leached green; weathers 
rough; forms slope..... .....................  1.0

11.. Sandstone: like unit 9.... ...... ........ .. 1.0

10. Siltstone: moderate reddish brown, silt,
massive; contains leached spots, common; 
weathers smooth; forms slope................ 17.0

9. Sandstone: light brown, fine-grained, lam
inated, cross-laminated, medium-scale; weath
ers . smooth, rounded; forms ledge............  9.5
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Feet ;

8. Sandstone and siltstone: light brown, very
fine-grained to silt; interbedded units; 
contains cross-lamination, small-scale, and. • 
flat bedding; contains ripple-marked and inud- 
cracked surfaces; forms slope................  16.0

7. Sandstone: very pale orange, very fine-grain
ed, laminated, cross-laminated, small-scale, 
firmly cemented; top surface mud-cracked; 
weathers light gray, smooth; forms ledge....  1.0

6. Siltstone: moderate reddish brown, thinly
laminated, flat bedded, fissile; contains 1:: 
leached spots; weathers smooth; forms slope.. 6.6

5. Sandstone: very pale orange, fine-grained,
calcareous, thin-bedded, flat bedded; contains 1
granules in bottom 2 inches; weathers smooth,

. rounded; forms ledge...... ................. .. 2.0

4. Siltstone: moderate reddish brown, thinly
laminated, flat bedded, .weakly cemented; <• 
weathers smooth; forms slope..... ............ 9.0

3. Sandstone: yellowish gray, very fine-grained,
very thin-bedded, flat bedded; weathers.moder
ate gray, smooth; forms ledge............. . 0.5

2. Sandstone: light brown, fine-grained, cal
careous, thin -bedded; weathers rough, forms - 
ledge...... ............................ . 4.6

1. Siltstone: yellowish gray, massive; contains
abundant stringers of rounded, very coarse 
sand; contains red cheit pebbles, common; 
weathers light gray, smooth, forms.slope..... 1.0

Total Wingate (Slope Member) 248.4

UNCONFORMITY:
Erosional surface,, contact sharp, undulating.

CHINLE FORMATION: ' ..... .

Siltstone: grayish red, calcareous, massive;
» contains abundant light green spots; weathers 

dark reddish brown, smooth, uneven; forms
slope,.....-....;..     .... .........  10.0



SECTION ONE-FOURTH MILE EAST OF THE GAP TRADING POST.

72.

(STRIKE N 25 W, DIPS 21-37 E)

Feet
SURFACE OF RECENT EROSION:

NAVAJO SANDSTONE: ... . ...
35. Sandstone: grayish red, fine-grained, thin-

bedded, flat bedded, highly calcareous; 
weathers rough; forms ledge.................. 3.0'

34. Sandstone: pale reddish brown, finer-grained,
calcareous, thin-bedded, flat bedded; weathers 
rough, irregular; forms ledge........;....... 1.0

33. Sandstone: very pale orange, fine-grained,
very thin-bedded, cross-laminated, large-.. 
scale, friable; top contact irregular; forms 
cliff...... ........ ......... ........ ....... .41.0

32. Sandstone: pale reddish brown, fine-grained,
calcareous, massive bedded, friable; weathers . 
blocky, smooth; forms ledge................... 6.0

31. Sandstone: pale reddish brown, fine-grained,
thin-bedded, cross-laminated, small-scale, 
friable; contains abundant sand concretions; 
weathers black, smooth, blocky; forms cliff. . 23.0

Total Navajo sandstone 74.0

KAYENTA FORMATION: . ,
30. Sandstone: pale red, fine-grained, weakly

cemented; weathers smooth, rounded; forms 
ledge. ............. ...... . .............. 26.6

29, Siltstone: moderate reddish brown,.silt,.
weakly cemented; contains abundant leached 
streaks; forms slope.............. ............ 6.0

28. Covered: forms slope............. ............20.6

27. Sandstone: very pale orange, fine-grained,
siliceous, very thin-rbedded, .cross-laminated, 
small-scale, firmly cemented; weathers light 
gray, blocky; forms ledge...................  2.5



7.3.

Feet
26, Covered: forms slope........................  13.0

25. Sandstone: very pale orange, fine-grained,
very thin-tedded," cross-laminated, large- 
scale, friable; weathers light brown to gray; 
forms ledge.... ....... ....... ............... 15.0

24. Sandstone and siltstone: alternating-beds of
fine-grained sandstones and siltstones; sand
stones cross-laminated, small-scale; forms 
irregular slope............................. 93.0

23. Siltstone: moderate reddish brown to grayish
orange pink>- silt* laminated to-thin-bedded, 
flat bedded; contains leached streaks, abun
dant ; weathers smooth; forms - slope.........-. 40.0

. - - , V
22. Sandstone: pinkish gray, fine-grained,•thick

bedded, cross-laminated, medium-scale; weakly 
cemented; weathers grayish brown; forms* • 
ledge........ ................................. 8.8

21. Sandstone and siltstone: pinkish gray to pale .
red, fine grained to silt;1 alternating * beds of 
sandstone (0.5 to 3.0 feet)'and siltstone (1.0 
to 40 feet); forms irregular slope.......... 228.0

20. Siltstone: moderate reddish brown, massive
bedded;■contains leached streaks, common;•■1 
weathers moderate reddish brown: forms slone. 3.9

■ Total Kayenta formation 544.6

WINGATE SANDSTONE (CLIFF FENDER):
19. Sandstone: ’ pale red, fine-grained, weakly

cemented, thin-bedded to thick-bedded, cross- 
laminated, medium-scale, friable; contains 
rare yellow streaks; ton 2 feet of unit 
leached gray; weathers rounded;: forms cliff. 75.0

18. Covered: forms bench and s l o p e ;;. 11.0

17; .Sandstone: light reddish brown, fine-grain
ed, weakly ferruginousthin-bedded, cross- 
laminated, medium-scale; contains rare yel
low streaks; top half of unit cross-laminat
ed, large-scale; weathers reddish brown,

- blocky; forms' cliff..........................  - 75.0

Total Wingate (Cliff Member) 161.0
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WIKGATE SANDSTONE (SLOPE HEIvSER):
16. Sandstones' and silt stones: pale red, alter

nating beds of fine- to medium-grained sand
stones and siltstone beds; sandstones from 
1 to 3 feet thick; siltstones from .4 to 8 
feet thick; forms 'irregular ledges and 
slopes..................... ............... 72.0

15. Sandstones and siltstones: alternating beds
of very fine-grained sandstones and silt
stones, as in Units 3 to 14; units commonly 
wedge out along strike; forms irregular 
slope............... ...... ......... ..........104,0

14. Sandstone: same as Unit 8................... 1.5

13. Siltstone: same as Unit 9................   2.0

12. Sandstone: same as. Unit 8..................   4.5
11. Siltstone : same as Unit 9 ........ ........    2.0

10. Sandstone: same as Unit 8 ...................  1.5

9. Siltstone: moderate reddish brown, thinly
; laminated, flat bedded; contains abundant

leached spots and streaks; weathers moder
ate reddish brown; forms slope..........  3.0

8. Sandstone: light brown, very fine-grained,
laminated to very thin-bedded, cross-lamina
ted, medium scale; contains abundant leached 
spots and streaks; weathers light brown; 
forms irregular ledge.............  3.0

7. Siltstone: moderate reddish brown, argil-.
laceous, thinly laminated to laminated, cross- 
laminated, small-scale; contains abundant 
leached spots; weathers moderate reddish brown; 
forms slope...................................  6.5

6. Sandstone: light brown, very fine-grained,
calcareous, very thin-bedded, cross-laminated, 
small scale; contains abundant leached spots; 
weathers light brown, rough; forms ledge.... 2.5

5. Sandstone: yellowish gray, very fine-grained,
argillaceous, laminated, cross-laminated, 
small-scale; contains abundant leached spots; 
weathers light gray; forms slope............

Feet

17.2
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4. Sandstone: pale reddish brown, fine-grained,
calcareous, very thin-bedded, cross-lamina
ted, small-scale; contains leached spots, 
abundant; weathers dark brown to black, 
smooth; forms ledge......................... . 3.0

3. Siltstone: pale reddish brown, silt, argil
laceous, very thin-bedded, flat bedded; con
tains leached spots, abundant; weathers mod
erate reddish brown, smooth; forms slope..... 6.6

2. Conglomerate: yellowish gray, argillaceous,
laminated, flat bedded; weathers light gray, 
forms ledge.................. ................ . 1-2.0

Total Wingate (Slope Member) 231.3
UNCONFORMITY: •

/

Erosional surface, contact sharp, slightly 
undulating; top contact of Chinle formation 
is leached green. . .

CHINLE FORMATION: :■
1. Siltstone: dark reddish brown, argillaceous,

very thin-bedded, flat bedded, weakly cemented, 
contains leached spots, abundant; weathers 
dark reddish brown, rough; forms slope...... 5.0
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SECTION NEAR MILE POST 493, 5 MILES SOUTH OP THE GAP.

(Strike N 22 W, Dip 23-27 E) - _

: v • % Feet
SURFACE OF RECENT EROSION. ; . . ............ . . _  . “~ ~

NAVAJO SANDSTONE:

• 20. Sandstone:’ light "bror/n, fine-grained, lam
inated to very thin-bedded, cross-laminated,
large-scale; weathers smooth, blocky; forms 
cliff,..... .......... ......................   415.0

KAYENTA FORMATION:

19. Covered: ' forms, slope...............   77.0

• 18. Sandstone: moderate reddish brown, massive
bedded; weathers smooth, bio city; forms 
ledge..............................  18.0

17. Covered: forms slope.................  38.5

16. Sandstone: pale reddish brown, very.fine- .
grained, thin-bedded, flat bedded; contains 
green loached streaks; weathers rough, : 
rounded; forms ledge........................ 5 .1

15. Covered: forms slope..... ........... .

14. Sandstone: light brown, very fine-grained,
very thin-bedded, cross-laminated, medium- 
scale, weakly cemented; contains few ripple 
marked surfaces; weathers smooth, ‘.blocky;. 
forms ledge...................... .

13. Sandstones and siltstones: interbedded units
from 3- inches-to 6 feet; contain ripple-mark
ed and mud-cracked surfaces; forms slope.... 110.0

12. Sandstone: moderate reddish brown, thin-
bedded, flat bedded;:contains stringers and
lenses of coarse sand and:, mud pellets ;-
weathers smooth, round;• forms ledge.........  11.0

11. Siltstone: moderate reddish brown, massive
bedded; contains leached streaks, common; 
weathers rough; forms; slope............. .... 33.0

97.0

21.4
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10. Sandstone: pale reddish brown, very fine
grained, very thin-bedded, flat bedded: 
bottom of writ a mud-pellet_ conglomerate; 
weathers smooth, rounded; forms bench and 
cliff................ ......................... 52.0

Total Kayenta formation 463.0

WINGATE SANDSTONE (CLIFF EENBER): •

9. Sandstone: pale red to pale reddish brown,
laminated to very thin-bedded, cross-lamina
ted, medium-scale; contains yellowish brown 
streaks; contains lenses of mud pellets in 
bottom 10 feet; weathers smooth, bloclcy; 
forms cliff................................ . 104.0

* v . * ■

WINGATE SANDSTONE (SLOPE FENDER):

8. Sandstones, siltstones, and mudstones: pale
to moderate reddish brown, fine grained:to 
mud; flat bedded and cross-laminated, small 
and medium-scale; units 0.5 to 2.0 feet 
thick; forms irregular slope.J......   59.0

7. Sandstone: pale reddish brown, fine-grained,
thin-bedded, flat bedded and cross-laminated, 
small-scale; contains few, thin mudstone 
beds; contains many ripple marked surfaces; 
forms ledge... ................  24.0

6. Sandstones, siltstones, and mudstones: pale
to moderate reddish brown, fine-grained to 
mud; interbedded units 0.5 to 10 feet thick; 
forms slope..............................   ,42.3

5. Sandstone: pale reddish brown, fine-grained,
laminated to very-thin, cross-laminated, 
medium scale; contains ripple marked sur
faces; weathers smooth, round; forms ledge.. 4.0

4. Sandstone: dark reddish brown, very fine
grained, thin-bedded, flat bedded; contains 
abundant leached spots; weathers smooth, 
round; forms slope...........................  5.0

3. Sandstone: moderate reddish brown, fine
grained, laminated, cross-laminated, medium- 
scale; contains few mud pellets; weathers 
smooth, round; forms ledge.............. . 12.0
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2, Sandstones and mudstones: yellowish gray to
pale reddish brown; interbedded sandstones 
and mudstones,. 1 to 4 feet thick; flat bed
ded and cross-laminated, small-scale; con
tains many mud-cracked and ripple-marked sur- : .
faces; forms irregular slope.................. 57.0

1. Conglomerate: moderate reddish orange,, very
thin-bedded; forms ledge...................... 0.5
Matrix: coarse grained sandstone.
Gravel: sub-angular, red and grey chert .
pebbles, 5-10 mm. diameter.

Total Wingate (Slope Member) 203.8

UNCONFORMITY:
Erosional unconformity, contact.sharp, very 
little expression of relief.

CHINLE FORMATION:

Siltstone: dark reddish brown, silt,"massive
-bedded; weathers rough, rounded; forms ledge. 6.0



79.
SECTION AT • WILLOW SPRINGS 
(STRIKE N 8 W, DIP 7-13 E ) .. ' ,

' Feet
SURFACE OF RECENT EROSION. ;

NAVAJO SANDSTONE:

26. Sandstone: moderate reddish orange, very
fine-grained, laminated, cross -lamina, ted, 
large-scale; weathers blocky, pitted; 
forms cliff...... .............................  105.0

KAYENTA.FORMATION: , , . - . . . . ... •

25. Sandstone: pale reddish brown, very fine-
grained, laminated, gnarly bedded; weathers 
smooth, rounded; forms ledge................ - 2.0

24. Sandstone: moderate reddish orange, very
fine-grained, thin-bedded, cross-laminated,

A  medium-scale; weathers smooth, block]/; forms
ledge........................   '10.5

23. Siltstone: pale reddish brown, silt, lamina
ted, flat-bedded; contains.gray - spots, abun
dant ; weathers smooth; forms slope.......... 5.3

22. Limestone: light gray, finely crystalline,
thin-bedded, flat bedded; weathers pitted;.. 
forms ledge..... .........................   1.0

21. Sandstone: light brown, very fine-grained,
massive bedded;r contains leached streaks 
and spots, common; forms ledge.............. 10.5

20. Sandstone and siltstone: interbedded units;
sandstones 1 to 10 feet thick; siltstones 1 
to 20 feet thick; flat bedded and cross-lam
inated, medium-scale; partly covered; forms 
s l o p e . ....................... 155.7

19, Covered: forms slope................... .....  84.0

18. Sandstone: white, very fine-.grained, lamina
ted, cross-laminated, medium-scale; weathers 
smooth, blocky;- forms ledge...........v . .... 4.0

17. Sandstone: pale red, fine-grained, thin-bed
ded, flat bedded; contains abundant'light
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green streaks; forms slope................... 3.0

16. Sandstone: pale red, fine-grained, "thin-'
bedded, gnarly bedded; contains abundant . ; 
leached streaks;, weathers, smooth, blocky; . -
forms ledge..............    5.5

ib. Covered: forms slope........................  33.0

14. Sandstone: pale red, very fine-grained, -
massive bedded; weathers smooth, blocky, 
forms ledge..............  4.0

13. Covered: forms slope............. ..... . 21.0

12. Sandstone: same as Unit 11. - 26.4

11. Sandstone: pale red, very fine grained, thin-
bedded, flat beddedcontains abundant leach
ed spots; weathers smooth, blocky; forms ledge 4.0

10. Sandstone: pale red, very fine-grained, lam
inated, medium-scale cross lamination;.con
tains bands of light gray;' contains mud : 
cracked" surfaces; top-surface,undulating;. 
forms irregular cliff.......................... 11.5

9. Mudstone: grayish red, mud, thinly lamina
ted, flat bedded; contains green leached 

r spots; weathers smooth; forms ledge......... 2.0

8. Covered: forms bench and slope.... ........ 110.0

i ' Total Kayenta formation 478.4

WINGATE SANDSTONE (CLIFF. MEMBER):

7. Sandstone: light brown, fine-grained, very
thin-bedded, cross-laminated, medium scale; 
contains mud lenses at bottom; weathers 
smooth, rounded; forms cliff...............  40,0

6. Sandstone: pale red, very fine-grained,
calcareous, laminated, cross-laminated, med
ium-scale ; bottom 5-10 feet contains inter- 
bedded lenses’of sandstone and mud-pellet con
glomerate; weathers smooth, blocky; forms 
cliff.... .................................... 37.0

Total Wingate (Clif Member) 77.0



WINGATE SANDSTONE (SLOPE MEMBER):

5. Sandstone and siltstone: interbedded units;
contain few tliin mudstone beds; flat bedded . 
and cross-laminated, small-and medium-scale;

• forms- slope...................................

4. Covered: forms slope...... .............

3. Sandstone: : very■light gray, very fine-grain
ed to medium-grained, laminated, cross-lamina 
ted, medium-scale; contains stringers of 
coarse sand; contains ripple-marked surfaces; 
weathers smooth, rounded; forms cliff.......

2. Siltstone: moderate brown, silt, laminated,
flat bedded; top of unit leached gray; weath
ers smooth, rounded; forms slope............

1. Conglomerate: pale reddish brown, very thin-
bedded,- cross-laminated, small-scale; weath
ers rounded, pitted; forms ledge..’.... .
Matrix: - medium grained sandstone. . .......
Gravel: siltstone pebbles, 37-20 mm. diam-

- eter; mudstone pellets, 7-18 mm. diameter; - 
red chert pebbles, sub-rounded, 10 mm. diam
eter; colorless quartz granules.

; Total Wingate (Slope Member)

UNCONFORMITY:
- Erosional unconformity; contact sharp, un
dulating, 1 to 2 feet of relief.

CHINEE FORMATION:

Siltstone: light brown, ;,silt, very thin-
bedded, flat bedded; contains leached spots, 
common; weathers knobby; forms slope........

Feet

89.0 

182.0

34.0 

2.0 

1.0

307.0

81.

5.0
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PARTIAL SECTION AT IJOENAVE, EAST OF POND;

(STRIKE N 42 W, DIP 3-5 E)

Feet
SURFACE OF RECENT EROSION, ,

NAVAJO SANDSTONE;

20. Sandstone: pale reddish brown, very fine
grained, laminated, cross-laminated, medium- 
and large-scale, friable; bottom of unit con
tains 6 foot thick lense of conglomerate 
with petrified wood; weathers smooth, - blocky; 
forms cliff........... .................... . 111.0

KAYENTA FORMATION:

19. Sandstone: light brown, fine-grained,
laminated, cross-laminated, medium- and. 
large-scale; unit wedges out along strike, 
looks like the Wingate sandstone; weathers 
smooth, bloc Icy; forms cliff........... .....  30.0

18. Covered: forms slope............ . 101.0

17. Sandstone: light brown, fine-grained, lam
inated, cross-laminated, small- and medium- 
scale; unit nearly all leached gray; weath
ers smooth, blocky; forms ledge.... . 5.0

16. Sandstones and siItstones: interbedded....  A
units; flat bedded and cross-laminated, 
small-scale; forms slope..... ......... ....- 29.5

15. Sandstone: moderate reddish orange, very ■
fine-grained, laminated, cross-laminated, 
medium-scale; top surface eroded; weathers, 
smooth, blocky; forms ledge................ 5.0

14. Covered: forms slope................ . 9.6

13. Sandstone: pinkish gray, very fine-grained,
laminated, cross-laminated, medium-scale; 
weathers smooth, bloclcy: forms ledge..... . 2.0

12. Sandstone: pale reddish brown, very fine
grained, very thin-bedded, flat bedded; 
weathers smooth, rounded; forms ledge...... 4.0
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11. Sandstone: pale reddish brown, very fine

grained, massive bedded; weathers smooth, 
rounded; forms slope.........................  10.6

10. Sandstone: pale reddish brown, very fine-
grained, laminated, cross-laminated, small- 
scale; weathers smooth, rounded; forms ledge. 4.0

9. Siltstone: same as Unit 7; contains two
gypsum beds near top of unit, one-eighth 
inch thick; forms slope................ 64.0

3. Sandstone: same as Unit 6 ........... 12.7

7. Siltstone: grayish red, laminated, flat-bed-
ed;•contains gray streaks, common; weathers 
rough; forms r slope;.....................21.3

6. Sandstone: pale red, very fine-grained, ‘lam- ’
inated, cross-laminated, small-scale; contains 
gray streaks and bands; weathers smooth, round
ed ; forms ledge..............................  34.0

5. Sandstone: greyish red, fine-grained, lamina
ted, cross-laminated, small-scale; contains 
green snots and streaks, common; weathers"

' \ smooth,' rounded; forms irregular slope......  8.7

4. Sandstone: pale reddish brown, fine- to
coarse-grained, massive bedded; contains gray 
spots, common; forms slope.................. 0.5

3. Sandstone: same as Unit 1 ........... . 14.4

2. Sandstone: same as Unit 1. .... ........ . 13.3

1. Sandstone: graysih red,.very.fine-grained,
laminated, flat bedded; contains abundant 
gray streaks; weathers smooth, rounded; 
forms cliff.... ..............................  21.3

Total Incomplete Kayenta formation 300.7
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SECTION AT MOENKOPI WASH, NORTH OF ROUTE #1, ABOUT 
V *  : .7 MILES WEST OF TUBA CITY.

(STRIKE N 53 W, DIP 2-5 E)

Feet
SURFACE OF RECENT EROSION. ■

Na VAJO SANDSTONE: . r y

17. Limestone: brownish Gray, finely crystal
line , thin-bedded, rnarly bedded; contains 
2■inch bands of chert/ parallel to bedding; 
weathers rough, blocky; forms ledge.......i. 3.0
'  ̂ ■ . ■ ■ ..... - . . ■ ,•

16. Sandstone: yellowish gray, fine-grained,
, laminated, cross-laminated, large scale, 

friable; contains gray spots, common; weath
ers : smooth, blocky; forms cliff.............  222.0

• : Total Navajo sandstone 225.0

KAYENTA FORMATION:

15. Mudstone: grayish red, massive bedded,
fissile; weathers rough; forms slope........ 1.5

14. Sandstone: moderate reddish orange, fine
grained, very thin-bedded, cross-laminated, 
medium scale; contains rare gray streaks; . . 
looks like tongue of-Wingate type sandstone;

’•'• weathers,smooth, blocky; forms ledge........  13.0

13. Sandstone;and'mudstone: moderate reddish
orange to brown, very fine-grained and mud, 
.laminated, flat bedded; contains few mudstone 
units up to 1 foot thick; weathers smooth, 
rounded; forms slope .................... .

12. Sandstone: grayish red to moderate reddish
brown,. very fine-grained, laminated to very 
thin-bedded, cross-laminated, .small-scale, 
partly flat bedded ;• contains few siltstone 
and mudstone units, 1-3 feet thick; forms 
rolling slope........ . ... . . .........

11. Sandstone: grayish red, very fine-grained .
to silty, very thin-bedded, cross-laminated, 
small-scale; contains abundant gray bands; 
contains few, thin, gnarly bedded sandstones; 
weathers smooth, rounded, forms ledge.......

71.5

93.5
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10. S a n d s t o negrayish red, very fine-grained, 
thin-bedded,, flat bedded; contains abundant 
gray bands and streaks; weathers■smooth, 
rounded; forms irregular ledge.............  27.5

9. Sandstone: grayish red,, very fine-grained,
laminated, cross-laminated, medium-scale, • 
contains abundant gray bands; weathers smooth, 
founded; forms cliff......................... 41.0

8. Sandstone: moderate reddish brown, very .
fine-grained, flat bedded, firmly cemented;
pumpkin-shaped sand concretions weather out;,____
weathers smooth, rounded; forms ledge...... 8.0

7. Sandstone: pale red, very fins-grained;
very thin-bedded, cross-laminated, medium-
scale ; dinosaur tracks on top surface; 
weathers light gray, rough, blocky; forms 
irregular cliff.............................. 27.0

Total Kayenta formation - 349.0

WINGATE SANDSTONE (CLIFF NEHBER):

6. Sandstone: pale reddish brown, very fine
grained, laminated, cross-laminated, medium- 
scale; contains gray spots, common; weathers 
smooth, rounded, dome-shaped; forms cliff.. 36.0

WINGATE SANDSTONE (SLOPE MEMBER):

5. Sandstone, siltstone, and mudstone: moder
ate reddish brown, very fine-grained to mud, 
laminated, flat bedded; contains green., 
streaks and irregular spots; weathers smooth, 
rounded; forms irregular ledges and slopes.. 91.0

4. Covered: some sandstone exposed, flat bed
ded and cross-laminated, small scale; forms 
slope.........................................  39.0

3. Sandstone:; moderate reddish brown, very 
fine-grained, thin-bedded, flat bedded and 
cross-laminated, small scale, weathers 
smooth, rounded; forms irregular ledge.....  28.0

2. Sandstone: moderate reddish brown, very
fine-grained, very thin-bedded, cross-lamina
ted, medium-scale; top surface mud cracked;
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contains ripple-marked surfaces; looks like
tongue of Wingate cliff member; weathers
smooth, block]/; forms ledge..................  15.5

1. Conglomerate: yellowish gray, thin bedded,
contains lenses and' stringers; weathers pitted, 
blocky; forms ledge........................... 3.0
Matrix: medium grained, sub-round to sub- ;

- angular, sandstone. '
Gravel: red chert pebbles, angular to sub-
angular , CO mm. diameter; red chert and- color
less quarts, sub-round, 5-6 mm. diameter:
limestone pebbles, sub-round, 15 mm. diameter._____

Total Wingate (Slope Member) 174.5
UNCONFORMITY:

Erosional' unconformity, contact sharp,r rolling, 
12-15 feet of relief;- many filled channels at 
top of Chinle formation.

CHINLE FORMATION:

Siltstone: pale reddish brown, silt, thin- . -
bedded, cross-laminated, medium scale; top.of 
unit bevelled; weathers smooth, rounded and 
pitted; forms ledge.........................!.. 12.0/
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PLATE I

Fig. 1. Section at Lees Ferry.. Fore-ground: Wingate 
sandstone. Background: Glen Canyon group, from river edge 
to top of cliff.

Fig. 2. Echo Cliffs near Nile Post 520, 13 miles north 
of Cedar Ridge. Lower slope the Chinle formation. Glen 
Canyon group above Chinle formation,.
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p l a t s: ii

Fig. 1, Buried stream channel in top of Chinle forma
tion. Blocky sandstone at top the Wingate sandstone. Moen 
kopi Wash area.

Fig. 2. Close-up view of buried stream channel shown 
in Fig. 1.
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PLATE III

Fig. 1. Reworked' sediments at top of Chinle formation. 
Wingate sandstone the blocky sandstone. Moenkopi Wash area.

Fig. 2. Chinle - Wingate contact in Moenkopi Wash area
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PLATE IV

Chinle - Wingate Contact

Fig, 1. Basal conglomerate forms recess below blocky 
sandstone. Cedar Ridge area.

Fig. 2. Close-up view of contact, with head of pick 
on contact. Cedar Ridge area.
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PLATE V

Fig. 1. Chinle-Wingate contact at Mile Post 514. Note 
filled embayment in top of Chinle formation.

Fig. 8. Kay ent a-Nava jo contact, "based on lithology. 
One mile south of The Gap.
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PLATE VI

Interbedded sandstones and mudstones at base of Wingate 
sandstone cliff.

Fig. 1. One mile south of The Gap.

Fig. 2. V/illou Springs section
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PLATE VII

Fig. 1. Kindersteins, Wingate sandstone, Section near 
Mile Post 514.

Fig. 2. Over-lapping sandstone wedges in.Kayenta 
formation. Section at Mile Post 500.
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PLATE VIII

Fig. 1. Erosion of Navajo sandstone along cross-laminae. 
Near Tuba City.

Fig. 2. Normal fault in Wingate sandstone at Navajo 
Springs. View looking north, west side down. Vertical 
displacement equals 6 feet.
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PLATE IX

Fir. 1. Basalt dike in Moenkopi Wash area. View 
looking south. Dike is 4 feet wide.

Fig. 2. Same dike as Fig. 1, looking southeast.
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PLATE X

Fig. 1. Dinosaur tracks on mud-cracked surface, Kayenta 
formation. Book as scale, 3 inches long.

Fig. 2. Same tracks, showing 6 feet distance between 
individual tracks. Near Uoenkopi Village, 1.5 miles south
east of Tuba City.
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