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THE CHINLE FORMATION OF THE PARIA 
PLATEAU AREA, ARIZONA AND UTAH

by

J. P. Akers

ABSTRACT

In the Paria Plateau area of northern Arizona and southern 

Utah the Chinle formation of Upper Triassic age consists of a thick 

series of lenticular sandstone, siltstone, claystone, and limestone.

The ser ies thins northwestward from about 900 feet at Lees Ferry,

A riz ., to about 600 feet at Paria, Utah.

Four members of the Chinle formation are recognized— 1) the 

basal Shinarump member composed of conglomeratic sandstone and sub

ordinate shale, 2) a unit, herein named the Lowery Spring member, 

composed of sandstone and mudstone, 3) the Petrified Forest member 

composed of bentonitic siltstone and claystone and thin sandstone, and 

4) the Owl Rock member composed of cherty limestone and calcareous 

siltstone.

Only the Petrified Forest member is  present at all localities 

in the Paria Plateau area. The Shinarump member was deposited in
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topographic low areas on an erosion surface and its distribution is  ir 

regular. The Lowery Spring and Owl Rock members grade and pinch- 

out toward the northwest and are not present at Paria, Utah.

The upper contact of the Chinle formation is  locally uncon- 

formable.

The three lowermost members were deposited on a broad, flat 

plain between the Cordilleran geosyncline and highlands to the southeast 

In Owl Rock time the rising Cordilleran geanticline cut off the north

westward drainage of Chinle streams and a depositional basin trending 

southwest was formed.
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INTRODUCTION 

General Statement

The Chinle formation of Upper Trlassie age was deposited 

over large areas in northern Arizona, southern Utah, southern 

Colorado, and northern New Mexico. It forms the famous "painted 

deserts" and petrified forests of northern Arizona. Since World War 

II the Chinle formation has received considerable attention because it 

contains uranium ores in numerous localities. Numerous reports and 

articles have been written on the formation (see References Cited for 

partial list) and much is  known about its distribution, thickness, lith

ology, and depositional environment. However, when this study was 

undertaken little work was done in the Paria Plateau area of northern 

Arizona.

The study was begun in the summer of 1951 under the direction 

of Professor E. D. McKee of the Geology Department of the University 

of Arizona and of the Museum of Northern Arizona. Special attention 

was given to areal distribution, thickness, lithology, correlation, and 

depositional environment of the various members of the Chinle forma

tion. Considerable attention was given to pebble counts and cross

stratification studies in the Shinarump member in an attempt to
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Complete stratigraphic sections of the Chinle formation were 

measured at Lees Ferry on the south side of the Colorado River, 3 

m iles west of Navajo Bridge, 18 m iles north of U. S. Highway 89 in 

House Rock Valley, and about 48 m iles upstream on the Paria River 

from Lees Ferry near the abandoned settlement of Paria, Utah (fig. 1). 

Reconnaissance studies were made along Echo Cliffs south of Lees 

Ferry, at Cameron and Fredonia, A riz ., and along the Vermillion 

Cliffs east of Kanab, Utah.

Mechanical analyses of selected samples from the Chinle for

mation were made in the laboratory of the Museum of Northern Arizona 

as were studies of roundness, sphericity, and composition of pebbles. 

Color was determined by comparison with the rock color chart developed 

by the National Research Council (Goddard, 1948).
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samples, note books, cameras, and other equipment, and who acted as 

sole assistant and confidante in the field, heartfelt gratitude is  extended.

Location and Accessibility

The Paria Plateau, a comparatively small area of elevated 

sedimentary rock, lie s  in north-central Arizona and south-central Utah 

(fig. 1). It is  roughly diamond-shaped, having sides between 20 and 30 

m iles long. The northern corner is  in southern Utah and the rest is  in 

Arizona. The southwest and southeast sides are formed by the spec

tacular escarpment of the Vermillion Cliffs (fig. 2), which are as much 

as 2,500 feet above the valley floors. House Rock Valley parallels the 

northwest side and Paradise Valley, through which the Paria River 

flows, is  to the northeast.

The only easily accessible areas of the Paria Plateau are the 

northern and southern parts. U. S. Highway 89 roughly parallels the 

southern escarpment of the plateau, and Utah Highway 259 traverses 

the northern part of the plateau. House Rock Valley, on the western 

boundary, is  traversed by a primitive road that is  not always passable. 

The top of the plateau is  reached by a jeep trail that turns east off the 

House Rock Valley road about 7 m iles north of U. S. Highway 89. The 

eastern side of the plateau, bordered by the Paria River, is  accessible  

only by foot

Rainy weather usually renders all dirt roads in the area



FIGURE 2

VERMILLION CLIFFS ABOUT 3 MILES WEST OF 
NAVAJO BRIDGE ON U. S. HIGHWAY 89

Vermillion Cliffs about 3 m iles west of Navajo Bridge 
on U. S. Highway 89. Navajo sandstone at top over- 
lies darker, flat-bedded Kayenta formation and Spring- 
dale sandstone member of the Moenave formation. 
Petrified Forest member of Chinle formation visible 
above right end of dark shadow in center of picture. 
Grayish Shinarump member of Chinle formation over- 
lies Moenkopi formation in foreground. Toreva block 
just above Shinarump.
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impassable, so local inquiry should be made about their condition during 

the rainy season.

\
Physical Features

The Paria Plateau is  a remnant of an area that once extended 

southward and formed the step between the Echo Cliffs monocline on the 

east and the East Kaibab monocline on the w est It is  capped by the 

m assive, relatively resistant Navajo sandstone. The southern sides 

are characterized by huge Toreva blocks (fig. 2) that formed when the 

soft mudstones of the Chinle formation gave way under the weight of 

overlying rocks. Shelves, about 300 feet high, formed by the Moenkopi 

formation capped by the resistant Shinarump member of the Chinle for

mation (fig. 3), skirt the southern part of the plateau.

The Paria Plateau area is  drained by House Rock Draw on the 

west and southwest, the Paria River on the northeast, and the Colorado 

River on the southeast. House Rock Draw is  an ephemeral stream that 

flows in an open valley through most of its course, but near its junction 

with the Colorado River it enters a deep gorge carved in the Kaibab 

limestone. The Paria River is  a sm all perennial stream which also 

flows in an open valley in its upper reaches near Bryce Canyon, Utah, 

but through a deep gorge as it nears the Colorado River. The gorge is  

about 3,000 feet deep and about 2-1 /2  m iles wide near Lees Ferry. The 

Colorado River flows through a relatively open canyon at Lees Ferry,



FIGURE 3

SHELF FORMED OF SHINARUMP MEMBER 
CAPPING MOENKOPI FORMATION

Shelf in lower half of picture formed of Shinarump 
capping Moenkopi. Small exposure of Lowery Spring 
member of Chinle formation (TRcl) in center. Arrow 
points to Toreva block formed of Moenave formation. 
About 2 m iles southwest of Lees Ferry.
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Climate and Vegetation

The climate of the Paria Plateau conforms to that of the south

western region, with prevailing southwesterly winds and with wet seasons 

in the late summer and in late winter and early spring, and with dry 

seasons in late spring and early summer, and in the fall. Climatic 

conditions vary widely with altitude. At Lees Ferry, with an altitude 

of about 3,100 feet, the winters are mild and the summers hot. On 

the nearby Paria Plateau at an altitude of about 6,500 feet the winters 

are cold and the summers cool.

The only long-term records of temperature and precipitation 

available for the area are for Kanab, Utah, and Lees Ferry. At Kanab, 

35 years of record show an average daily temperature range of about 

45° and an annual mean of about 50°. At Lees Ferry the average daily 

temperature range is  about 40° and the annual mean is  about 57°. At 

Kanab, the average annual precipitation is  13. 5 inches while at Lees 

Ferry it is  le ss  than 8 inches.

Precipitation varies widely from year to year. History of the 

early Mormon pioneers in the area tells of years of heavy rains and 

years of drouth. The village of Paria was abandoned because two 

successive years of flooding of the Paria River gullied the farmlands 

and rendered them unusable. In other years and other places in southern

but about 2 m iles downstream it enters the narrow Marble Canyon gorge.
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Utah, snows were so deep livestock died from lack of food in winter and 

hot, dry summer winds destroyed crops.

The distribution and character of vegetation varies, in general, 

with altitude. In the lower areas near the Colorado and Paria Rivers 

the most common plants are grasses, rabbit-bush, grease wood, tama

risk, willow, and cottonwood. In House Rock Valley and atop the Paria 

Plateau the most common plants are grasses, sage, rabbit-bush, pinon, 

and juniper.

Population and Industry

The Paria Plateau itself, covering roughly 500 square m iles, 

has not even one permanent inhabitant. The only people living nearby 

are at Lees Ferry, at the tourist lodges along U. S. Highway 89, and 

in widely separated ranches.

The only industries in the area are ranching and catering to 

tourists. In 1951 and 1952 some timbering was done on the Kaibab 

uplift and the timber was sawed into lumber at a camp just south of 

House Rock, but the camp is  no longer in operation. Sm all-scale 

farming was attempted at Paradise Ranch near Lees Ferry in 1950-51, 

but the venture was not successful. At the present time the entire Paria  

Plateau area serves as grazing lands for cattle.



GENERAL STRATIGRAPHY OF THE 
PARIA PLATEAU AREA

Rocks exposed in the Paris. Plateau area range from Permian 

to Jurassic in age. They consist of a thick sequence of sedimentary 

rock composed of sandstone, siltstone, claystone, conglomerate, lim e

stone, and gypsum. Sandstone is  by far the most abundant exposed 

rock, comprising more than 60 percent, Siltstone and claystone account 

for about 30 percent of the total, and limestone and gypsum, combined, 

about 10 percent. Except for the Shinarump and a few lenses in the 

Lowery Spring and Petrified Forest members of the Chinle formation, 

all the sandstones are very fine to medium grained. Probably a lot of 

the material classified as mudstone or siltstone in the various forma

tions is  actually very fine-grained sandstone. Also, some of the ma

terial classified as limestone might be calcareous sandstone.

The older rocks are exposed in the bottom of Marble Canyon 

south of the plateau, and the youngest rock is  exposed on top of the 

plateau, A generalized section of these rocks is  presented in figure 

4.

10



Figure 4. —Generalized stratigraphic section of Paria Plateau area
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Permian Rocks

Permian rocks are exposed in the area south and west of the 

Paria Plateau. They consist, from bottom to top, of the Coconino sand

stone, the Toroweap formation, and the Kaibab limestone (fig. 5). In 

the Navajo Bridge area these formations total about 400 to 500 feet in 

thickness.

Coconino Sandstone

The Coconino sandstone crops out as a vertical cliff in the 

deepest part of Marble Canyon at Navajo Bridge. It consists of grayish- 

orange (10YR-7/4) crossbedded sandstone composed of clear and frosted, 

well-sorted quartz grains. Cement is  calcareous and siliceous. In one 

drill hole at Marble Canyon Lodge some of the sandstone is  very siliceous, 

resembling orthoquartzite, and drilling in this material is  very difficult. 

Examination of drill cuttings shows that some recrystallization of the 

quartz has taken place.

The Coconino thins in a northeasterly direction from about 600 

feet at the confluence of the Colorado and Little Colorado Rivers to about 

57 feet near Navajo Bridge (McKee, 1934a, p. 82).



FIGURE 5

PERMIAN ROCKS NEAR NAVAJO BRIDGE

Permian section near Navajo Bridge. Kaibab lim e
stone (Pk) at top, slope and part of lower ledge, 
Toroweap formation (Pt), and lower part of cliff, 
Coconino sandstone (Pc).
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Toroweap Formation

The Toroweap formation crops out at Navajo Bridge in the walls 

of Marble Canyon where it forms a steep slope. In former years the 

Toroweap was included as part of the Kaibab limestone, but McKee 

(1938, p. 12) defined it as a separate unit between the Coconino sand

stone and the Kaibab limestone.

In Marble Canyon the Toroweap formation is  composed of 

grayish-orange (10YR-7/4), thin to thick, crossbedded and gnarly units 

of sandstone with subordinate siltstone. The sandstone is  composed of 

very fine to medium, fairly well-sorted, clear and frosted quartz grains.

The thickness of the Toroweap formation varies considerably 

in the Marble Canyon area because of an unconformity at the top of the 

formation. McKee (1938, p. 211) measured 149 to 175 feet near Badger 

Canyon about 4 m iles downstream from Navajo Bridge. The lower con

tact is  flat and sharp with no evidence of an "appreciable hiatus" (McKee, 

1938, p. 14-15).

Kaibab Limestone

The Kaibab limestone is  exposed in the walls of Marble Canyon, 

along the western side of House Rock Valley where it has been warped 

up over the Kaibab monocline, and between the southern escarpment of 

the Paria Plateau and the Colorado River. In this area the Kaibab is  a
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yellowish, sandy limestone containing abundant irregular chert nodules 

and calcite geodes. Bedding is  thick to very thick. Weathered surfaces 

are rough and pitted. It forms a vertical cliff in Marble Canyon and a 

stripped plain elsewhere.

The Kaibab thins in a northeasterly direction from about 450 

feet in the western part of Grand Canyon to about 250 feet at Navajo 

Bridge.

Triassic Rocks

Trlassie rocks crop out in a discontinuous, irregular band 

around most of the Paria Plateau. They consist, from bottom to top, 

of the Moenkopi formation of Lower and Middle(?) Triassic age, the 

Chinle formation of Upper Triassic age, and the Moenave formation of 

Upper Triassic age. In the Lees Ferry area these formations total 

about 1,700 feet in thickness.

Moenkopi Formation

The Moenkopi formation unconformably overlies the Kaibab 

limestone (fig. 6). Near Lees Ferry a karst topography had developed 

on the Kaibab limestone prior to Moenkopi deposition. Several pot holes, 

or steep-sided channels about 15 feet deep and 8 feet across are exposed 

in cross section in a wash about 1-1/2 m iles west of Lees Ferry. These 

holes are filled with rubble composed of yellow to pink siltstone,



FIGURE 6

UNCONFORMITY BETWEEN MOENKOPI FORMATION 
AND KAIBAB LIMESTONE. TWO MILES 

DOWNSTREAM FROM LEES FERRY

Unconformity between Moenkopi formation (TRm) and 
Kaibab limestone (Pk). Two m iles downstream from  
Lees Ferry.
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sandstone, and limestone fragments and boulders up to 3 feet in diameter. 

This material, although much coarser, is  similar to discontinuous de

posits that probably represent the basal unit of the Moenkopi formation 

in most places in the Paria Plateau area where the Moenkopi-Kaibab 

contact is  exposed. These deposits have a maximum thickness of 25 

feet.

Three other units in the Moenkopi formation are recognized 

in the Vermillion Cliffs area west of Navajo Bridge (fig. 7). These are 

an upper and lower siltstone and sandstone unit separated by a gypsif

erous unit that pinches and grades out eastward about 1 mile west of 

Marble Canyon Lodge. These units are correlative with the middle red, 

the Shnabkaib, and the upper red members in the southern Utah section 

of Gregory (1950, p. 60).

The upper red member consists of pale-reddish-brown (10R- 

5/4) to pale-red (10R-6/2), f iss le -  to thick-bedded alternating sandstone 

and mudstone with occasional light-green banding. A few thin beds of 

limestone and greenish gypsum are present at various horizons through

out the unit and a sandstone bed about 30 feet thick occurs at the top.

This sandstone bed has been traced into the Lees Ferry area. Ripple 

marks, mud cracks, and veins of selenite are common throughout the 

member. The Shnabkaib member about 8 m iles west of Navajo Bridge 

consists of white, crossbedded deposits of granular gypsum about 65 

feet thick. The crossbedding is  asymmetrical and festoon types



FIGURE 7

MOENKOPI FORMATION ABOUT 15 MILES WEST 
OF NAVAJO BRIDGE

Moenkopi formation about 15 m iles west of Navajo 
Bridge. Upper sandstone and siltstone member 
(TRmu), middle gypsiferous member (TRmm), 
and lower sandstone and siltstone unit (TRml), 
Chinle formation (TRc).
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resembling those in eolian deposits. The middle red member is  sim i

lar to the upper red member, except that it contains fewer sandstone 

units.

The three members are not recognizable at Lees Ferry east 

of the pinchout of the Shnabkaib member. At Lees Ferry the Moenkopi 

consists of the basal conglomerate and a thick unit of alternating sand

stone and mudstone capped by a 40-foot sandstone ledge.

There are no other complete, exposed sections of the Moenkopi 

formation in the Paria Plateau area. However, the upper part of the 

Moenkopi is  exposed near the abandoned settlement of Paria. Here it 

has a singular appearance due to pronounced brown and green banding. 

The green bands are gypsiferous.

The thickness was not measured in the Vermillion Cliffs or at 

Paria, but at Lees Ferry the Moenkopi formation is  about 480 feet thick.

Chinle Formation

The Chinle formation unconformably overlies the Moenkopi 

formation and consists of a thick series of lenticular conglomerate, 

sandstone, siltstone, claystone, and limestone beds. Four members 

are recognizable in the Paria Plateau area— the Shinarump consisting 

of conglomeratic sandstone, the Lowery Spring member composed of 

sandstone and mudstone, the Petrified Forest consisting of sandstone, 

siltstone, and mudstone, and the Owl Rock consisting of siltstone and
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limestone. The Chinle formation thins in a northwesterly direction 

from 875 feet at Lees Ferry to about 500 feet near Paria.

Moenave Formation

The Moenave formation overlies the Chinle formation with 

local unconformity. It consists of two members (fig. 8), the Dinosaur 

Canyon and the Springdale sandstone (Harshbarger, Repenning, and 

Irwin, 1957, p. 12). The Dinosaur Canyon member is  a moderate- 

reddish-orange (10R-6/6) series of lenticular, alternating thin to 

thick sandstone and siltstone beds which weather to form a steplike 

slope. The sandstone units consist of very fine- to fine-grained quartz 

with occasional granule stringers. One sandstone bed, averaging about 

10 feet thick, at the base of the Dinosaur Canyon member can be traced 

from Lees Ferry to Paria. This bed, in places, contains angular frag

ments of chert, up to half an inch in diameter, which appear to be re 

worked from the underlying Owl Rock member of the Chinle formation.

The Springdale sandstone member of the Moenave formation 

unconformably overlies the Dinosaur Canyon member. It consists of 

a series of pale-reddish-brown (10R-5/4), lenticular, crossbedded, 

fine- to medium-grained sandstone units measuring about 100 feet in 

thickness. This member forms a vertical cliff up to 150 feet high.



FIGURE 8

MOENAVE AND CHINLE FORMATIONS ABOUT 2 
MILES SOUTH OF PARIA, UTAH

Moenave and Chinle formations about 2 m iles south 
of Paria, Utah. Springdale sandstone member of 
Moenave at top. Thinner, orange-red beds under 
more m assive Springdale sandstone is  Dinosaur 
Canyon member overlying Chinle formation. 
Shinarump member of Chinle formation in left 
foreground. This point is  locally known as "Calico 
Mountain."
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Jurassic(?) and Jurassic Rocks

Jurassic(?) and Jurassic rocks crop out in a band completely 

encircling the Paria Plateau and they form the highest parts of the 

spectacular red Vermillion Cliffs on the southern edge of the plateau. 

These rocks include the Kayenta formation of Jurassic(?) age and the 

Navajo sandstone of Jurassic(?) and Jurassic age.

Kayenta Formation

The Kayenta formation consists of a ser ies of pale-red (10R- 

6/2), lenticular sandstone, siltstone, and mudstone beds which weather 

in most places to form a ledge and slope topography. The sandstone 

beds are composed of fine-grained quartz and they commonly are cross- 

bedded. The Kayenta is  about 150 feet thick in the Lees Ferry area. It 

is  easily distinguished from the underlying Springdale member of the 

Moenave formation in House Rock Valley where it contains numerous 

beds of siltstone (fig. 9). However, in the southeastern corner of the 

Paria Plateau it combines with the Springdale sandstone to form a  

sheer, unbroken cliff of sandstone (fig. 10).

The upper boundary of the Kayenta formation is  arbitrary, as 

it intertongues with the overlying Navajo sandstone.



FIGURE 9

GLEN CANYON GROUP AT SOUTH END OF HOUSE
ROCK VALLEY

Glen Canyon group at south end of House Rock Valley. 
Navajo sandstone (Jn), Kayenta formation (Jk), Spring- 
dale sandstone member of Moenave formation (TRmos), 
Dinosaur Canyon member of Moenave formation 
(TRmod), and Owl Rock member of Chinle formation 
(TRco).
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FIGURE 10

NAVAJO SANDSTONE OVERLYING KAYENTA 
FORMATION AND SPRINGDALE SANDSTONE 

MEMBER OF MOENAVE FORMATION 
AT SOUTHEAST CORNER OF 

PARIA PLATEAU

Navajo sandstone (Jn) overlying Kayenta formation 
and Springdale sandstone member of Moenave forma
tion at southeast corner of Paria Plateau. Kayenta 
and Springdale combine to form unbroken cliff. Out
crop of Lowery Spring member of Chinle formation 
in lower center.
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Navajo Sandstone

The Navajo sandstone consists of a massive, very pale-orange 

(10YR-8/2), crossbedded sandstone unit that forms a cliff more than 

1,200 feet high in the southern escarpment of the Paria Plateau (fig.

2). It is  composed of fine to medium, well-sorted and well-rounded, 

frosted quartz grains. It displays large, sweeping crossbeds of the 

asymmetrical trough type deposited at a medium to high angle. The 

total thickness of the Navajo sandstone in this area is  from 1,300 to 

1, 700 feet, with the thickest part in the northwest.

A few scattered buttes on the highest part of the plateau are 

capped with pale-reddish-brown (10R-5/4) and white sandstone inter- 

bedded with brown siltstone and limestone. It is  believed that these 

beds are correlative to Gregory’s (1950, p. 89) Temple Cap member 

of the Navajo sandstone as they appear to grade downward into the 

Navajo. However, it is  possible that these beds are the lowermost 

part of the Carmel formation.

Quaternary Rocks

Except for blow sand and slumped material, the only Quaternary 

deposits in the area are river terrace gravels. A rather extensive de

posit is  present on the right bank of the Paria River near its mouth.

Two levels of these deposits were noted, one about 80 feet above the
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river and the other, present on the left bank of the Faria above the 

Paradise Valley Ranch, about 100 feet above the river. Both deposits 

are composed of coarse sand and gravel. The gravel is  composed of 

quartzite with only very rare granite and schist. Most of the quartzite 

gravel is  egg-shaped and commonly is  more than 1 foot along the long 

dimension (figs. 11 and 12).



FIGURE 11

QUATERNARY GRAVEL HALF A MILE WEST 
OF LEES FERRY

Quaternary gravel half a mile west of Lees Ferry. 
Rock under gravel is  Shinarump member of Chinle 
formation.





FIGURE 12

VIEW LOOKING DOWNSTREAM AT JUNCTION 
OF PARIA AND COLORADO RIVERS

View looking downstream at junction of Paria and 
Colorado Rivers. Petrified Forest member of 
Chinle formation in foreground. Ledge at river 
level across river is  Kaibab limestone overlain 
by Moenkopi formation. Rock slope in upper left 
is  Shinarump member of Chinle formation. Ter
race gravel on right bank of river in center. 
Eastward dip due to Echo Cliffs monocline.
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STRUCTURE

Most of the strata forming the Paria Plateau are relatively un

disturbed, having a gentle dip, about l - l / 2 °  northeast. However, along 

the East Kaibab and Echo Cliffs monoclines on the west and east sides, 

respectively, of the plateau strata dip as much as 30° west.

The East Kaibab monocline is  a large, smoothly flexed struc

ture facing eastward and having a structural relief of about 3,500 feet 

near House Rock, at the southwest corner of the plateau (fig. 13). It 

trends generally about 10° west of north and has a maximum dip of 

about 30°. The Echo Cliffs monocline is  a sinuous flexure trending 

slightly west of north and facing east. Structural relief is  about 2,000  

feet near Lees Ferry, but it dwindles to zero at its northern end.

The southeastern corner of the plateau is  on the northern end 

of an anticline that plunges toward the north and parallels the Echo Cliffs 

monocline. The anticline does not extend into the plateau itself, but 

dips in the vicinity of the anticline are about 3° northward.

Faulting is  common at the western margin of the plateau near 

the East Kaibab monocline. Most of the faults trend north-northeast 

subparallel to the monocline and are downthrown on the east. The 

displacement usually is  a few tens of feet, but several faults displace
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FIGURE 13

EAST KAIBAB MONOCLINE NEAR UTAH-ARIZONA 
STATE LINE IN HOUSE ROCK VALLEY

East Kaibab monocline near Utah-Arizona State 
line in House Rock Valley.
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more than 100 feet of strata and one, about 12 m iles south of Paria, 

displaces about 800 feet of strata.

Another area of faulting occurs in the central part of the 

plateau where the Paria River intersects the Arizona-Utah State line. 

In this area the faults trend slightly west of north and most are down- 

thrown to the east. Displacement in this area usually is  le s s  than 100

feet.



GEOLOGY OF THE CHUSTLE FORMATION 

Historical Review and Development of Nomenclature

The Shinarump conglomerate was first described by Gilbert in 

1875. In 1901 Ward described the Leroux member of the Shinarump 

formation, which is  essentially the equivalent of the Chinle formation*

In 1917 Gregory named the Chinle formation after exposures in Chinle 

Valley near Chinle, Ariz. He defined the Chinle as ’’the group of 

shales, *m arls,e thin soft sandstones, and limestone conglomerates 

lying between the Shinarump conglomerate and the Wingate sandstone* ” 

Gregory recognized four divisions in the Chinle on the basis of broad 

lithologic differences. He termed these units, from top to bottom. A,

B, C, andD.

Gregory’s division A in the Navajo country was transferred to 

the lower member of the Wingate sandstone by Harshbarger, Repenning, 

and Jackson (1951), who pointed out that there is  no Wingate or Wingate 

equivalent in the northwestern part of the Navajo country. This is  also  

true of the Paria Plateau area. The uppermost member of the Chinle 

formation in the Paria Plateau is  Gregory’ s B division which has been 

named the Owl Rock member of the Chinle formation by Stewart (1957) 

after exposures near Owl Rock in Monument Valley. As the Owl Rock
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member can be traced directly from the Navajo country into the Paria 

Plateau, the same name is  applied to the member in this report.

In 1950, Gregory named his division C the Petrified Forest 

member of the Chinle formation after exposures in the Petrified Forest 

National Monument near Holbrook, Arts. This name is  applied to the 

correlative member in the Paria Plateau.

Gregory’s  division D as originally described in the Navajo 

country is  not recognized in the Paria Plateau area. However, the 

member he refers to as the ’’lower sandstones” in the Zion Park region 

(1950, p. 67) is  recognizable. Division D of Gregory in the eastern 

part of the Navajo country is  a very dusky-red (10R-2/2) unit containing 

ledges of silty sandstone and lim e-pellet conglomerate interbedded with 

mudstone. This unit is  a transitional facies between the Shinarump 

member and the Petrified Forest member, and has been referred to as 

the "lower red member" by the U, S. Geological Survey (Akers, et aL, 

1958, p. 91). The "lower sandstones" in the Zion Park area is  a unit 

composed of brownish-yellow, brown, and purple sandstone and sub

ordinate sandy shale. This unit occupies the same stratigraphic posi

tion as the M esa Redondo member of Cooley (1957), the Monitor Butte 

member of Stewart (1957), and the upper part of the Shinarump member 

as mapped in the Cameron and Echo Cliffs area by the U. S. Geological 

Survey (U. S. Geol. Survey open-file reconnaissance maps of the Navajo 

Country, 1953-55). The equivalent unit in the Paria Plateau area is
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herein named the Lowery Spring member of the Chinle formation after 

exposures in a prominent point 1 -1 /2  m iles south of Lowery Spring and 

3 m iles west of Navajo Bridge (see measured section No, 2). Figure 

14 shows the relations of these and other members in the Chinle forma

tion in various areas.

For many years the basal conglomerate of the Chinle forma

tion was given formational rank and named the Shinarump conglomerate. 

However, because the Shinarump is  gradational into the Chinle, and 

because Shinarump lithology is  present at several different horizons with

in the Chinle in numerous areas, many stratigraphers felt that the for

mational rank of the Shinarump was unjustified, and Stewart (1957) as

signed it member rank in the Chinle formation.

In this report then, the Chinle formation in the Paria Plateau 

area includes, in ascending order, the Shinarump, Lowery Spring, 

Petrified Forest, and Owl Rock members.

Moenkopi-Chinle Contact

Throughout the area of this report, and over an area of 80, 000 

square m iles (Gregory, 1950) the Moenkopi-Chinle contact is  marked by 

an erosional unconformity. This unconformity has been discussed by 

Darton (1925), LongweU (1925), Gregory (1917 and 1950), McKee (1938 

and 1954), and almost every other worker who has discussed the stra

tigraphy of Triassic formations in the Colorado Plateaus, Darton
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regarded this break as rather insignificant, not denoting a "notable un

conformity or time break. ” Gregory (1950, p. 64) believes this uncon

formity "demonstrates a feature of major importance in the history of 

the Triassic. ”

In most of the Paria Plateau the unconformity is  not too obvious 

(fig. 15). In most of the area the relief of the contact is  le s s  than 10 

feet and is  marked by a bleached, soil-covered interval about 6 inches 

to 1 foot thick. However, near Paria there is  a channel several hundred 

feet wide that cuts about 100 feet into the Moenkopi (fig. 16). Also, in 

this area the Shinarump member is  completely m issing in places and 

the Moenkopi formation is  in contact with the Petrified Forest member 

of the Chinle formation. Near Cliff Dweller's Lodge, about 7 m iles 

west of Navajo Bridge, there is  a  channel about 100 feet deep mid several 

hundred feet wide carved in the Moenkopi and filled with Shinarump sedi

ments. Several channels near Lees Ferry cut through about 50 feet of 

Moenkopi strata and several mounds of Moenkopi protrude through the 

Shinarump and are in contact with the Lowery Spring member.

McKee (1954) has pointed out evidence suggesting that several 

hundred feet of the Moenkopi formation had been removed in the Lees 

Ferry area prior to Shinarump deposition. This erosion may be due to 

the bevelling of an uplifted area of Moenkopi sediments. Studies of 

channels in the Shinarump member of the Chinle formation also suggest 

that a high area existed near Lees Ferry (see section on Geologic History).



FIGURE 15

MOENKOPI-CHINLE CONTACT ABOUT HALF A 
MILE WEST OF LEES FERRY

Moenkopi-Chinle contact (at point of hammer) about 
half a mile west of Lees Ferry*
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FIGURE 16

CHANNEL IN MOENKOPI FORMATION FILLED WITH 
SHCNARUMP MEMBER OF CHINLE FORMATION. 
ABOUT 2 MILES SOUTHWEST OF PARIA, UTAH

Channel in Moenkopi formation (TRm) filled with 
Shinarump member of Chinle formation (TRcs). 
About 2 m iles southwest of Paria, Utah.
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Formerly (Gregory, 1950, p. 62), the Moenkqpi was considered 

to be well established as Lower Triassic in age. Recently, evidence 

has been presented by 8. P. W elles (1947) suggesting that the Moenkopi 

is  of Lower and Middle(?) Triassic age. Thus, the time interval repre

sented by the Moenkopi-Chinle unconformity is  le ss  than was formerly 

supposed.

There is  no evidence in this area of an angular unconformity 

between the Moenkopi and Chinle formations. This suggests that the 

uplift which initiated the erosion was epeirogenic in nature.

Shinarump Member

The Shinarump member of the Chinle formation consists of 

lenticular, crossbedded units of sandstone, conglomerate, and mud

stone. It varies in color from light gray (N-7) to grayish purple (5RP- 

4/2), but typically it is  pale yellowish orange (10YR-8/6). Sandstone 

makes up about 50 percent of the unit at Lees Ferry and in the south

ern part of House Rock Valley, but at Paria essentially all of the mem

ber is  sandstone containing a few random pebbles. Conglomerate con

stitutes about 40 percent of the member at Lees Ferry and about 50 

percent in House Rock Valley. The mudstone is  present only in the 

Lees Ferry region where it constitutes about 10 percent of the Shina

rump.
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The sandstone is  composed of subangular to subrounded, very 

fine to very coarse, poorly sorted quartz grains with mica, black and 

red minerals, and weathered feldspars as accessory minerals bonded 

with calcareous and siliceous cement. Sorting coefficient (Trask, 1932) 

ranges from about 4.03 at Lees Ferry to about 3,29 at Paria. The 

average grain size at Lees Ferry is  0.80 mm, but at Paria it is  0„ 60 

mm, both within the range of coarse sand.

The conglomerate consists of quartzite, chert, jasper, petrified 

wood, and, rarely, limestone pebbles in a sandstone matrix. Most of the 

pebbles in the Lees Ferry area are between 20 and 25 mm in diameter, 

but some are as large as 75 mm in diameter. At Paria the average 

pebble size is  15 to 20 mm in diameter and the maximum observed was 

about 50 mm in diameter. Soundness and sphericity in these localities 

average 0 .59 -0 .74  and 0 .53-0 .69 , respectively. Determination of 

roundness and sphericity was made by visual comparison with charts 

prepared by Krumbein (1938). The pebbles may be scattered at 

random, arranged in stringers, or locally concentrated in pockets.

The mudstone occurs as short, irregular lenses, and as lumps 

and pellets in the lower part of the member. It varies from greenish 

gray to yellow in color and resem bles reworked Moenkopi. This ma

terial was probably deposited in areas protected from the swift currents 

that must have deposited the conglomerate.
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Petrified logs are common in the Shinarump member in the 

Lees Ferry area. Several are present above the U. S. Geological 

Survey’s  stage recorder on the south side of the Colorado River. One 

of these is  more than 2-1 /2  feet in diameter and more than 80 feet long. 

Small amounts of uranium ores are commonly associated with the logs.

Cross-stratification is  the most conspicuous structural feature 

within the Shinarump member (fig. 17). It consists of sm all- to large- 

scale trough and planar types after the classification of McKee and 

Weir (1953). Other structures present within the member are ripple 

marks, sand concretions, and preconsolidation slumping.

The Shinarump varies considerably in thickness due to the fact 

that it was deposited on a surface of considerable relief. In the vicinity 

of Paria it is  absent in places and half a mile away may be more than 

100 feet thick. At the section measured 18 m iles north of U. S. High

way 89 in House Rock Valley it is  about 30 feet thick, and near Lees 

Ferry it is  from 0 to 100 feet thick. It averages about 50 to 80 feet 

along the southern escarpment of the Paria Plateau.

The Shinarump characteristically weathers to form a cliff or 

cuesta (fig. 11). In House Rock Valley along the East Kaibab monocline 

it forms a hogback protruding as much as 100 feet above the general 

land surface. In some areas near Paria the member is  poorly cemented 

and upon weathering becomes a loose pile of sand.



FIGURE 17

CROSS-STRATIFICATION IN SHINARUMP MEMBER 
OF CHENLE FORMATION NEAR LEES FERRY

Cross-stratification in Shinarump member of Chinle 
formation. Maximum pebble size in this picture is  
three-fourths of an inch.
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In all areas where it is  exposed in the Par la Plateau area the 

Shinarump member grades imperceptibly upward or tongues with the 

overlying Lowery Spring member (fig. 18), and the contact is  arbitrarily 

chosen on the basis of gross changes in lithology and composition. The 

same is  true of all other members of the Chinle formation in this area. 

The gross lithology of the various members is  distinctive, but the place 

where one lithologic type changes into another is  difficult to determine.

Lowery Spring Member

The Lowery Spring member at the type section consists of a 

series of lenticular sandstone, conglomerate, and mudstone beds, 

ranging in color from very light gray (JV-S) and pale red purple (5RP- 

5/2) to grayish red purple (5RP-6/2) and moderate yellowish brown 

(10YR-5/4). The lenses are, in places, extensive, and some are more 

than 50 feet thick. The sandstone is  composed of poorly sorted sub

rounded to angular, coarse- to fine-grained quartz with mica and feld

spar accessories. Some units are conglomeratic, containing widely 

scattered, well-rounded pebbles averaging about half an inch in diam

eter. They commonly exhibit large-scale, low- to medium-angle cross

stratification, sometimes marked by bleached bands along the bedding 

planes (fig. 19). Several sm all, thin lenses of sandstone exhibit sm all- 

scale planar and trough crossbedding (fig. 20).



FIGURE 18

SHINARUMP-LOWERY SPRING CONTACT ABOUT 2 
MILES WEST OF LEES FERRY

Shinarump-Lowery Spring contact about 2 m iles 
west of Lees Ferry. Thinner-bedded material 
above shaly recession is Lowery Spring member. 
Shinarump below.
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FIGURE 19

CROSS-STRATIFICATION IN LOWERY SPRING MEMBER 
SOUTH OF CAMERON, ARIZONA

Cross-stratification in Lowery Spring member 
south of Cameron, Ariz. Note bleaching along 
some bedding planes.
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FIGURE 20

SMALL-SCALE CROSS-STRATIFICATION IN LOWERY 
SPRING MEMBER, NEAR SOUTHEAST CORNER 

OF PARIA PLATEAU

Small-scale cross-stratification in Lowery Spring 
member, near southeast corner of Paria Plateau. 
Note knife near center.
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The mudstone units in this member all contain large quantities 

of sand, and in some instances they would more properly be called shaly 

sandstones. They consist of light-bluish-gray (5B-7/1), orange-pink 

(SYR-8/4), grayish-orange-pink (10R-8/2), and pale-red (10R-6/2) 

lenses of sandy mudstone, containing numerous small sandstone lenses  

up to 10 inches thick and 15 feet long.

The conglomerate ranges in color from pale blue (5PB-7/2) to 

light brownish gray (5YR-6/1). The matrix of the conglomerate consists 

of medium- to coarse-grained, poorly sorted, subangular to rounded 

quartz with minor amounts of biotite, chert, and jasper. The pebbles 

are composed of chert, jasper, and flint and they average about three- 

fourths of an inch in diameter. Most are well rounded in the area west 

of Navajo Bridge, but in the Lees Ferry area they are commonly sub

rounded. Maximum observed size is  1 -1 /2  inches in diameter.

The member weathers to form a series of ledges and slopes. 

The mudstone units commonly form recessions under the sandstone units 

which in some places break off in large blocks (fig. 21).

The Lowery Spring member is  200 feet thick at Lees Ferry,

200 feet thick 3 m iles west of Navajo Bridge, and 125 feet thick 6-1/2  

m iles west of Cliff Dweller7 s  Lodge. The member is  present farther 

west along the Vermillion Cliffs, but the thickness is  not known as no 

complete sections are exposed. It is  not recognized 18 m iles north of 

U. S. Highway 89 in House Rock Valley or at Faria (fig. 22).



FIGURE 21

BLOCKY WEATHERING OF LOWERY SPRING MEMBER. 
SOUTHERN EDGE OF PARIA PLATEAU -

Blocky weathering of Lowery Spring member. 
Southern edge of Paria Plateau. Navajo sand
stone in background.
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Petrified Forest Member

The Petrified Forest member is  the most distinctive and per

sistent member of the Chinle formation. It is  easily recognizable 

wherever the Chinle crops out. In specific areas of the plateau, one 

or more members may be absent, but the Petrified Forest member is  

always present.

It consists of more or le ss  sandy, bentonitic, calcareous, and 

gypsiferous siltstone and claystone that is  extremely variegated in color 

and texture. The spectacular colors range through all tones and shades 

of red, purple, blue, pink, yellow, brown, and gray (fig. 16). Lenses 

of medium- to coarse-grained calcareous sandstone, conglomeratic 

limestone and veinlets, stringers, and disseminated crystals of gypsum 

are common throughout the member. Petrified wood, as chips and 

rarely as small logs, seem s to be confined to the lower part. Con

cretionary nodules of dark, dense dolomitic limestone averaging about 

1 inch in diameter are numerous. These weather out of the soft silts  

and clays and accumulate at the bases of slopes. At the House Rock 

Valley section sm all lenses, up to 8 inches thick and 10 feet long, of 

jasper appear sporadically in the middle of the member.

The mudstone and siltstone units on casual examination appear 

to be structureless, but close examination of freshly weathered surfaces 

commonly reveals large, sweeping cross-strata deposited at a low angle.
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The member weathers to a typical badlands topography of 

rounded hills and knobs, small, capped m esas, and sm all steep-sided  

canyons that commonly end in sink holes where the surface water has 

cut through to lower elevations. Exposed surfaces are commonly 

covered with a fluffy, incoherent material that may be as much as 2 

feet deep (fig. 23).

The Petrified Forest member is  about 500 feet thick in the 

Lees Ferry area, about 540 feet thick along the Vermillion Cliffs, about 

500 feet thick near the Arizona-Utah State line, and about 500 feet thick 

near Paria, Utah.

Owl Rock Member

The Owl Rock member of the Chinle formation is  composed of 

mottled, very pale-blue (5B-8/2), grayish-pink (5R-8/7), and grayish- 

red (10R-9/2) limestone and interbedded orange-pink (10R-7/4) calcareous 

siltstone (fig. 24). The individual limestone beds range in thickness 

from 1 to 20 feet and are lenticular. Some individual beds, however, 

can be traced along the Echo Cliffs for as much as 20 m iles. The lim e

stone contains abundant chert nodules and blobs. Some of the nodules 

are concretionary and upon weathering have been mistaken for fossil 

bones. Some of the limestone resem bles conglomerate, but close ex

amination of the ’’pebbles” reveals that they are not discrete but grade 

into the surrounding material.



FIGURE 23

WEATHERING CHARACTERISTICS OF PETRIFIED 
FOREST MEMBER OF CHINLE FORMATION

Weathering characteristics of Petrified Forest 
member of Chinle formation. Sandy unit behind 
man is  Springdale sandstone member of Moenave 
formation. Navajo sandstone on horizon. House 
Rock Valley.





FIGURE 24

LIMESTONE AND SILTSTONE IN OWL ROCK MEMBER 
OF THE CHINLE FORMATION AT LEES FERRY

Limestone and siltstone in Owl Rock member of 
the Chinle formation at Lees Ferry.
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The siltstone beds are rather firmly cemented and some are 

made up of limy siltstone concretions up to 6 inches in diameter. Some 

of the concretions are essentially round— others are irregularly cylin

drical in shape. The individual siltstone beds range from 1 to 40 feet 

in thickness.

The member generally weathers to a ledge and slope topography, 

but in some places the siltstone units form a recess. The limestone 

resists  erosion and boulders of it are commonly found in float and in the 

beds of washes.

The Owl Rock member is  about 90 feet thick at Lees Ferry, 

about 45 feet thick at the south end of House Rock Valley, and it was 

not recognized near the Arizona-Utah State line or at Paria. Along 

Echo Cliffs near the Gap the member is  about 130 feet thick. It is  

present about 10 m iles upstream from Lees Ferry on the Paria River, 

but the thickness was not measured. Thus, the Owl Rock member thins 

in a northwestward direction and pinches or grades out along a north

easterly line about midway between Lees Ferry and Paria (fig. 17).

Chinle-Moenave Contact

The Chinle-Moenave contact in most of the Paria Plateau area 

appears to be conformable (fig. 25). However, there are local areas 

where the two formations are separated by an erosion surface of slight 

relief, and at several places angular chert pebbles, believed to be



FIGURE 25

CHINLE-MOENAVE CONTACT ABOUT 4 MILES EAST 
OF HOUSE ROCK VALLEY ON SOUTHERN 

ESCARPMENT OF PARIA PLATEAU

Chinle-Moenave contact about 4 m iles east of 
House Rock Valley on southern escarpment of 
Paria Plateau. Chinle formation (TRc), Moenave 
formation (TRmo).
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derived from the Owl Rock member of the Chinle formation, are present 

in the base of the Moenave formation, Callahan (1951) found similar 

local unconformities along Echo Cliffs.



GEOLOGIC HISTORY

The Faria Plateau constitutes only a very small part of the 

total area in which the Chinle formation was deposited. It would be 

difficult, if not impossible, to interpret the geologic history and dep- 

ositional environment of such a widespread formation from observa

tions in so sm all an area. For this reason the following discussion  

draws heavily on work by others in surrounding areas.

Deposition in northern Arizona during the Paleozoic era was 

controlled by the Cordilleran geosyncline which was to the west and ex

tended from Canada to Mexico through southwestern Utah and southern 

Nevada, and by a positive area, the Defiance dome (McKee, 1951), to 

the east in northeastern Arizona. A relatively stable shelf area ex

tended between the geosyncline and the positive area. Seas from the 

geosyncline periodically encroached upon the shelf area and several 

thousand feet of marine and near-shore marine deposits accumulated 

on the shelf. These deposits thin and pinch out eastward against the 

flank of the positive area.

Conditions of deposition remained relatively stable until 

Pennsylvanian and Permian tim es when uplift occurred in east-central 

Utah, southern Colorado, and north-central New Mexico. Each of these
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uplifts, the Uncompaghre-San Juan and the Zuni, trended northwest, 

and was bordered by a trough or sag, the Paradox and St. Johns, 

respectively, to the southwest (Kelley, 1955). The positive areas 

furnished sediments to surrounding low areas (hiring remaining 

Paleozoic time. The Defiance dome remained positive during this 

time, but there is  no evidence that it actively furnished sediments.

By early Permian time flood-plain building or broad, gentle 

uplift had caused retreat of the seas toward the Cordilleran geosyncline 

and the continental red beds of the Supai-Hermit formations were de

posited. These sediments buried the Defiance dome, perhaps for the 

first time in the Paleozoic era. The Zuni uplift also was buried at 

this time. Advancing eolian sands of the Coconino and its eastern 

equivalent, the De Chelly sandstone, covered the red beds in middle 

Permian time.

Apparently, slight uplift of the Defiance dome occurred just 

prior to the last transgression of the Cordilleran seas in Paleozoic 

time. This is  reflected in the thickness, distribution, and lithology of 

the Kaibab limestone and Toroweap formation of Leonard age. The 

Toroweap was deposited only in the western part of the St. Johns sag, 

but the Kaibab limestone was deposited as far east as the Arizona-New 

Mexico State line. The Kaibab thins and becomes sandier toward the 

Defiance dome which probably was an island during Leonard time. Rocks 

representing the remaining Permian time are not present in northern
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Arizona, although they could have been deposited and then removed by 

erosion prior to the advent of the Mesozoic era.

Conditions of deposition at the beginning of the Mesozoic era  

were somewhat different than those of late Paleozoic tim es. The 

Cor dill er an geosyncline was still present to the west and a part of the 

Defiance dome remained higher than the surrounding terrain (McKee, 

1954, p. 76-77). This high area extended westward from the present 

site of Canyon De Chelly to the Tuba City area. The Uncompaghre High

lands, and perhaps the old Zuni Highlands, were elevated, and a new 

highland area, the Mogollon Highlands (Harshbarger, et a l . , 1957, p. 

44), was incipient in east-central Arizona.

This was the setting for deposition of the Moenkopi formation 

which consists of relatively thin, coarse, continental clastic material 

near the uplifted source areas and thick marine limestone, evaporites, 

and clastic material near the center of the geosyncline. The continental 

material was transported by streams in separate, wide valleys formed 

between the Uncompaghre Highlands and the Defiance dome, and be

tween the Defiance dome and the Mogollon Highlands. The valleys 

joined at the western margin of the Defiance dome to form a broad 

flood plain extending westward to the margins of the geosyncline. The 

earliest Moenkopi deposition began in the geosyncline and later moved 

eastward in an overlapping sequence to the flood plain and valleys.
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The Paria Plateau area lie s  in the flood-plain area where no 

marine deposition took place. The sediments here are fine-grained 

elastics and evaporites believed to represent deposition in lagoons and 

ponds, or relatively quiet waters.

Deposition in the low areas and erosion of the high areas con

tinued throughout Early Triassic time, and perhaps into the Middle 

Triassic, after which the sediments were subject to widespread erosion. 

This erosion leveled the Defiance dome, carved channels into Moenkopi 

sediments, and set the stage for Late Triassic deposition.

A broad depositional basin was formed in Late Triassic time 

when vigorous renewed uplift at its  margins took place in the Uncom- 

paghre and Mogollon Highlands. The Mogollon Highlands became prom

inent for the first time with this uplift and they were extended into central 

Arizona. The depositional basin between these highlands extended north

westward to the C or dill e ran geosyncline. Cooley (1957, p. 120) has 

shown that an integrated stream system  existed within the basin during 

Shinarump deposition. Streams near the highland areas were entrenched 

and flowed northeast. They joined the master stream which flowed 

northwest through broad, flat lowlands enroute to the geosyncline.

Studies of channeling in the Cameron and Paria Plateau areas 

show that the same generally northwestern course was followed by 

Shinarump streams in north-central Arizona (fig. 26). There were 

some deviations locally, as would be expected in any stream. Channels
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Paria

Lees Ferry

■ Cameron

Figure 26. --Sketch showing general direction of streams 
in Shinarump time. Dashed arrows show stream direc 
tion in lower part of Shinarump.
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in the lower part of the Shinarump at Cameron and Lees Ferry indicate 

a southwesterly course and those in the upper part indicate a northwest

erly course (fig. 26). This could imply a northeastern source for early 

Shinarump deposits and a southeastern source for later deposits. How

ever, the composition of the deposits is  identical in both upper and 

lower parts. It seem s very likely that the composition of materials 

from different source areas would differ. More probably, the early 

streams were diverted around a high area and resumed their northwest

erly course downstream. As previously mentioned, McKee (1954) 

presents evidence to show that such a high did exist in the Lees Ferry 

area in late Moenkopi tim es. This high is  also suggested by the presence 

of Moenkopi hills that protrude through the Shinarump. By late Shinarump 

tim es the high area was worn down by erosion and the surrounding low 

areas filled so that the streams continued northwest without hindrance.

Conditions of deposition remained essentially the same when 

the Lowery Spring and Petrified Forest members were deposited, ex

cept the stream velocities were slower than in Shinarump time. This 

is  suggested by the decreasing grain size in the successive members.

The lower velocities could result from lower stream gradients due to 

aggradation of the basin and degradation of the source areas, from 

changing climatic conditions, or from decreasing uplift in the source 

areas. Probably all three factors were responsible in part. No fossils  

were found in the Paria Plateau area, but Daugherty (1941, p. 32-35)



63

states that fauna found elsewhere in the earlier members of the Chinle 

formation— phytosaurs, fish, and large aquatic amphibians— suggests 

a subtropical or tropical climate with ample rainfall. The absence of 

such fauna in the Owl Rock member and the extensive eolian deposits 

of latest Triassic time suggest an arid climate. Cooley (1957, p. 121,

124) attributes the progressive decrease in grain size to decreasing 

structural activity.

As the stream velocities decreased, the area in which particles 

of a given size were deposited moved toward the source area. The finer- 

grained materials were deposited farthest from the source, and as the 

stream velocities decreased the finer-grained sediments overlapped the 

coarser materials. Thus, it is  believed that the Petrified Forest mem

ber is  a downstream facies of the Lowery Spring member, which in turn 

is  a downstream facies of the Shinarump member. The lateral inter- 

tonguing and imperceptible gradation of one member into another supports 

this view. A uniform decrease in velocities of stream s spread over a 

broad flat plain, such as existed prior to Shinarump deposition, could 

result in deposition of coarse materials in continuous thin deposits over 

large areas. Such may have been the case with the Shinarump member.

The configuration of the depositional basin began to change 

near the end of Chinle time. This change is  reflected in the isopachous 

map of the Chinle formation by Akers, et al. (1958), and the pinchout of 

the Owl Rock member in the Paria Plateau and St. Johns area (fig. 27).
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, COLO. 
N.MEX.

UTAH
'ARIZONA

Lees Ferry

Gallup

Flagstaff ZuniWinslow

■ Holbrook

S t.1 Johns

Limit of Owl Rock deposition 
southeastern lim it after Cooley (1957)

Axis of depositional basin in Owl Rock 
time (Akers, et a l . , 1958)

Figure 27. —Isopachous map of Chinle formation in northeastern 
Arizona and southeastern Utah (after Akers, et a l . , 1958) showing 
axis of depositional basin in Owl Rock time and lim its of Owl Rock 
deposition.
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These show that the axis of the depositional basin had shifted from north

west to northeast and that Owl Rock deposition was restricted to an area 

approximately coinciding with the present Navajo Indian Reservation.

This shift began with the r ise of the Cordilleran geanticline 

(Eardley, 1951, p. 21-23) which formed a barrier to the northwesterly 

drainage and caused rather extensive bodies of still water to form. The 

limestone and calcareous siltstone units of the Owl Rock member were 

deposited in these bodies of water.

The configuration of the depositional basin in latest Trlassie  

time remained essentially unchanged (Harshbarger, et a l., 1957, p.

25) but the streams flowed southwest, possibly through a gap between 

the rising Cordilleran geanticline and the Mogollon Highlands.



STRATIGRAPHIC SECTIONS

Section No. 1. One and a half m iles south of Lees Ferry, half a 
m ile southeast of the Colorado River. Measured by J. P. Akers 
and M. E. Cooley, April 23, 1953.

Dip 6° east

Triassic:
Moenave formation:

Dinosaur Canyon member:

Unit Description Thickness
No. in feet

22. Sandstone: moderate-reddish-orange (10R-8/6), 10+
very fine-grained sand, subrounded to subangular, 
well-sorted; firmly cemented, calcareous; quartz 
sand, stained; flat bedded; forms irregular ledge.
Abundant pebbles as much as half an inch in diam
eter, subrounded to subangular at base of unit.
Base is  gradational.

Chinle formation:
Owl Rock member:

21. Siltstone: pale-red (1 OR-6/2); poorly cemented, 11
calcareous; flat very thin-bedded; forms regular 
slope. Base is  gradational.

20. Limestone: moderate-yellowish-brown (10YR-5/4) 22
to pale-red (1 OR-6/2) to pale-red-purple (5RP-6/2); 
chert pockets; concretionary; unit mostly covered.

19. Limestone and limy siltstone: unit mostly covered. 57 
Limestone chiefly nodular limestone up to 3 inches 
in diameter, in a limy siltstone matrix. Base is  
covered.

66
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18. Siltstone: pale-red (10R-6/2), silt; firmly to poorly 32 
cemented, calcareous; very thick-bedded; forms 
rolling slope. Base is  gradational.

17. Sandstone: light-brown (SYR-6/4) to gray, medium- 9 
to coarse-grained sand, rounded to subrounded, fair- 
sorted; firmly to poorly cemented, calcareous; quartz 
sand, clear, stained and frosted with black accessory  
minerals; irregular thick- to very thick-bedded; unit 
is  a coset; crossbedded, wedge, compound, high- and 
low-angle, sm all- to medium-scale; weathers round;

Petrified Forest member:

Unit Description Thickness
No. in feet

forms irregular ledge. Base is  gradational.

16. Siltstone: like unit 10. 67

15. Sandstone: like unit 11. 5

14. Siltstone: like unit 10, except somewhat sandier. 22

13. Sandstone: like unit 11; conglomerate stringers 11
near base like conglomerate of unit 12.

12. Siltstone: like unit 10 but contains one gray conglom- 49 
erate lense, matrix— limy sand of angular quartz, 
pebbles— angular limestone and sandstone fragments 
up to 3 inches in diameter. Lense is  2 feet thick.

11. Sandstone: grayish-purple (5P-4/2), medium- to 24
coarse-grained sand, rounded to subrounded, fair- 
sorted; firmly to poorly cemented, calcareous; 
quartz sand, clear stained, and frosted, with mica 
and black accessory minerals; irregular and len
ticular thin- to very thick-bedded; unit is  a coset; 
crossbedded, wedge, compound, incline, and trough, 
high- and low-angle, sm all- to medium-scale; 
weathers round; forms irregular ledge. Base is  
gradational.
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Unit Description 
No.

Thickness 
in feet

10. Siltstone: sandy, grayish-purple (5P-4/2), silt to 
fine-grained sand, rounded to subrounded, poorly 
sorted; firmly cemented, calcareous; quartz sand, 
clear, stained, and frosted, mica, with black and 
red accessory minerals; irregularly bedded; unit 
i s  a  coset; crossbedded, wedge, compound and in
clined; low-angle, medium- to large-scale; weathers 
"fluffy;" forms rolling slope. Contains several thin 
sandy lenses like unit 9. Abundant limestone nodules 
near top. Abundant Unio fossils at the one horizon 
in middle of unit Unit becomes sandier toward the 
top. Base is  gradational.

9. Sandstone: light-brown (SYR-6/4), very fine- to 
medium-grained sand, rounded to subrounded, 
poorly sorted; firmly to poorly cemented, cal
careous; quartz sand, clear, stained, and frosted, 
with mica, black and red, and rare green accessory  
minerals; irregular and lenticular thick- to very 
thick-bedded; unit is  a coset; crossbedded, wedge, 
trough, high- and low-angle, medium-scale; 
weathers blocky; forms irregular ledge.

8. Mudstone: light-brown (SYR-6/4) and grayish- 
purple (5P-4/2) in wedges; poorly cemented, cal
careous; lenticular very thick-bedded; weathers 
"fluffy;" forms rolling slope.

7. Siltstone: grayish-purple (5P-4/2), silt with clay; 
poorly cemented, calcareous; massive, very thick- 
bedded; weathers "fluffy;" forms regular slope. 
Contains several resistant lenses of sandstone like 
unit 6. Base is  gradational.

Lowery Spring member:

6. Sandstone: light-brownish-gray (5YR-6/1), fine- to 
medium-grained sand, fair-sorted; firmly cemented, 
calcareous; quartz sand, clear, stained, and frosted, 
with green accessory minerals; irregular and lenticu
lar, very thin- to thin-bedded; unit is  a coset; pseudo 
crossbedded, weathers blocky; forms irregular slope. 
Base is  gradational.

190
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Unit Description 
No.

Thickness 
in feet

5. Sandstone and siltstone: pale-red (1 OR-6/2) to 
yellowish-gray (5Y-8/1) to (10YR-6/6), fine- to 
very coarse-grained sand, rounded to subrounded, 
very poorly sorted; firmly to poorly cemented; cal
careous; quartz sand, clear, stained, and frosted, 
with green accessory minerals; irregular and len
ticular, thick- to very thick-bedded; crossbedded, 
wedge, trough, medium- to large-scale; weathers 
round, blocky, and pitted; forms irregular ledge. 
North of section unit is  split into two parts by a  
wedge of siltstone. South of section the unit is  

• very irregular with an alternation of sandstone 
and siltstone. Some horizons of sandstone contain 
conglomerate. Base is  gradational.

48

4. Mudstone: grayish-orange-pink (1 OR-8/2) to light- 
bluish-gray (5B-7/1) to moderate-orange-pink (5YR- 
8/4); firmly cemented, calcareous; massive, very 
thick-bedded; weathers "fluffy." Resistant sand
stone lenses at 35 feet and 70 feet. Numerous 
sm all sandstone lenses about 5 inches thick and 
10 feet long throughout unit. Some lenses merge 
at low angles together. Some contain conglomerate. 
Base is  gradational.

104

3. Conglomerate: pale-blue (5PB-7/2), medium- to 
coarse-grained sand, rounded, poorly sorted; 
pebbles of chert, jasper, and flint from 1/4  to 
1-1/2 inches in diameter, subrounded; quartz 
sand, clear, stained, and frosted; very thick- 
bedded; weathers smooth and round, "fluffy." 
Becomes silty sandstone at top of unit. Base is  
gradational.

40
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Unit Description 
No.

Shinarump member:

2. Sandstone: conglomeratic, yellowish-gray (5Y-8/1), 
matrix— fine- to very coarse-grained sand, rounded 
to subrounded, pebbles— well-rounded, up to 6 inches 
in diameter, alined in stringers and thick lenses, 
quartz, quartzite, angular limestone and mudstone 
fragments; poorly sorted; quartz sand, clear stained 
and frosted, mica as an accessory mineral; unit is  a 
coset; crossbedded, wedge and tabular, compound and 
trough, concave, high- and low-angle, sm all- to large 
scale; weathers blocky; forms vertical cliff. Unit be
comes platy and silty near top. Contains petrified 
logs, one 3 feet in diameter and 50 feet long. Honey
comb weathering common. Base is  sharp and ir 
regular.

Total Chinle formation

Unconformity: Erosional relief from channeling up to 
40 feet.

Moenkopi formation:

1. Siltstone and sandy siltstone: pale-reddish-brown 
(10R-5/4), silt to fine-grained sand, poorly sorted; 
firm to poorly cemented, calcareous.

76

Thickness
in feet

874

10+
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Section No. 2. Measured 3 m iles west of Navajo Bridge, by J. P. 
Akers, December 25, 1951.

Trias sic:
Moenave formation:

Dinosaur Canyon member:

Unit Description Thickness
No. in feet

22. Sandstone: moderate-reddish-orange (1 OR-8/6); 112
fine-grained; alternating m assive and shaly; with 
many mudstone lenses; mud cracks and ripple marks 
common on foliation surfaces; exposed surfaces 
show characteristic rounded weathering and platy 
nature of apparently m assive beds; forms steplike 
slope.

21. Sandstone: light-brownish-gray (5YR-6/1), fine- 18
grained; occasional stringer of coarser material; 
rare mud pellets near bottom of unit; joints and 
cracks bleached to white and lined with calcite 
crystals; forms cliff.

Contact: Appears erosional with small channels up to 
3 feet deep and 20 feet wide carved into Chinle forma
tion. A few angular chert fragments in lower sand
stone unit of Moenave formation.

Chinle formation:
Owl Rock member:

20. Conglomerate: grayish-orange-pink (10R-8/2); 3
highly fractured and brittle. Matrix— very fine, 
sandstone or siltstone. Pebbles— light-gray (N- •:
7), concretionary limestone and mudstone averaging 
half an inch in diameter; forms slope.

19. Limestone: pale-red (10R-6/2) to grayish-orange- 2
pink (10YR-8/2), mottled; contains much chert and 
jasper in irregular, discontinuous bands and in 
pockets; bands run parallel to bedding; conglom
eratic in local areas with occasional angular sandy 
fragment from half an inch to 2 inches in diameter.
Forms ledge.
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18. Conglomerate: same as unit 3. 16

17. Limestone or limy siltstone: pale-red (10R-6/2) 16

Unit Description Thickness
No. in feet

and light-olive-gray (5Y-6/1), contains sm all angular 
red siltstone fragments and occasional concretionary 
limestone pebbles to 3 inches in diameter; forms 
slope.

Petrified Forest member:

16. Siltstone: pale-red (5R-5/2), with many round, green 80 
bleached spots; forms slope.

15. Conglomerate: light-brownish-gray (5YR-6/1); 29
intricate, high-angle crossbedding in sandier 
areas. Matrix— grayish-red-purple (5RP-5/2), 
fine-grained sandstone. Pebbles— round mud 
pellets averaging one-fourth inch in diameter; 
and concretionary limestone pebbles to three- 
eighths inch; forms steep slope.

14. Siltstone: pale-red (5R-5/2) with horizontal white 103
streaks one-fourth inch thick; medium, fine
grained; resistant; high-angle, compound cross
bedding; contains several conglomerate lenses like 
unit 8; forms slope.

13. Siltstone: pale-red (5R-6/2) to pinkish-gray (SYR- 165 
8/1), very friable; exfoliates in paper-thin flakes; 
contains much micaceous materials; some thick 
(2-1/2 feet) lenses of mudstone, and resistant lenses,
6 inches thick of pink sandstone; contains concretionary 
limestone pebbles to 4 inches in diameter toward 
bottom; becomes increasingly argillaceous toward 
bottom of unit; 2 -l/2 -fo o t gray-green sandstone lense 
near top is  composed of platy, torrential cross laminae; 
forms steep slope.

12. Mudstone: grayish-blue (5PB-5/2); occasional blue 110 
sandstone lense 6 inches thick; some sandy highly 
calcareous pockets 2 inches in diameter; forms 
slope.
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Unit Description
No.

11. Sandstone: grayish-red (5YR-4/2) with white
horizontal stripes and speckles; medium-grained; . 
conglomeratic in local area, with sandstone frag
ments up to 2 inches in diameter; mudstone lenses 
up to 1 foot thick; mud pockets up to 1 foot in diam
eter; stringers of coarser material; low-angle com
pound crossbedding on medium-scale; forms cliff.

10. Mudstone: medium-gray (N-5), mottled; very sandy 
in places with occasional sandstone lense 1 foot thick 
and 30 feet long.

9. Sandstone: white (N-9) with few pale-red (5R-6/2) 
bands; medium quartz grains in calcite cement; 
somewhat friable; occasional quartz pebble to one- 
fourth inch, sm all-scale torrential crossbedding.

8. Sandstone: grayish-red-purple (5RP-5/2); very fine
grained; much argillaceous material; numerous 
lenses of coarser, highly cross-laminated sand
stone with fissle  parting; foliation surfaces show 
ripple marks; weathers to cliff.

7. Sandstone: pale-red-purple (5RP-6/2); shaly with 
low-angle compound crossbedding; friable. ,

6. Sandstone: gray (N-8); medium-coarse quartz 
grains; occasional stringer of coarser material; 
intricate, high-angle, compound crossbedding on 
medium- to large-scale; forms cliff that breaks 
off into large blocks.

5. Sandstone: pale-red (5R-6/2); very fine-grained; 
formed of concretionary balls from half an inch to 
3 inches in diameter; weathers to ’'marl" cliff.

Lowery Spring member:

13

11

11

49

17

17

Thickness
in feet

15
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Unit Description Thickness
No. in feet

4. Sandstone: light-gray (N-8), coarse- to fine-grained, 33 
poorly sorted; streaked with long thin lenses of coarse 
materials; isolated well-rounded pebbles up to 3 -1 /4  
inches in diameter - from 2 to 5 per square foot; very 
low-angle crossbedding; scaly and friable on exposed 
surfaces; forms cliff.

3. Sandstone: light-gray (N-8), fine-grained, friable; 9
occasional horizontal streak of muddy material and 
occasional lense of hard resistant sandstone; platy 
parting; cliff.

2. Sandstone: light-olive gray (5Y-6/1); fine-grained, 31
minutely cross-laminated; fissle  to platy parting; 
contains ironstone surrounded by conerentrie stain 
rings up to 8 inches in diameter. Some m assive beds 
up to 1 foot thick; ripple marked on all foliation sur
faces; much micaceous materials; forms slope.

Shinarump member:

1. Sandstone: conglomeratic, yellowish-gray (5Y-8/1), 50
coarse- to medium-grained; composed of w ell- to 
poor-sorted, rounded to subrounded quartz with 
minor black accessory minerals; trough cross
bedding on sm all- to large-scale and low- to 
medium-angle; contains petrified logs; pebbles in 
conglomeratic part are up to 3 inches in diameter 
and alined in stringers; composed of chert, quartzite, 
and petrified wood chips.

Total Cbinle formation 780

Unconformity: Erosional relief of 15 feet.
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Section No. 3. Measured 18.4 m iles north of U. S. Highway 89 
in House Rock Valley, by J. P. Akers, November 20, 1951.

Triassic:
Moenave formation:

Dinosaur Canyon member:

Unit Description Thickness
No. in feet

4. Sandstone and mudstone: moderate-reddish-orange 163 
(10R-8/6); beds from 1 to 10 feet thick; sandstone is  
very fine-grained and firmly cemented with calcareous 
cement; mudstone units are le ss  resistant and weather 
to slopes or recessions; abundant crossbedding in 

, sandstone units; 12-foot thick, m assive buff sand
stone at base contains angular chert fragments.

Contact: Appears conformable.
Chinle formation:

Petrified Forest member:

3. Mudstone and siltstone: pale-red-purple (5RP-6/2) 21
with light-bluish-gray (5B-7/1) mottling; very cal
careous and contains some limestone nodules; unit 
probably represents last vestiges of Owl Rock mem
ber; weathers to steep slope.

2. Mudstone: sandy; whole unit is  "variegated marls;" 556 
purplish-gray, grayish-pink, yellow, purple, gray, 
maroon, brown, and red; contains numerous beds of 
more or le ss  resistant sandstone up to 4 feet thick; 
some conglomeratic beds contain subangular to round 
quartzite pebbles up to 1-1 /2  inches in diameter; 
sandstone lenses are commonly highly crossbedded 
with planar and trough types on sm all-scale; horizon 
of petrified wood as chips and blocks about 100 feet 
above Shinarump member; resistant limestone nodules 
up to 3-1 /2  inches in diameter weather out of purple 
unit about 200 feet above Shinarump member; few ir 
regular, lenticular beds of heavy, dense jasper occur 
about 150 feet above Shinarump member; bottom 50 
feet is  covered.
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Unit Description 
No.

1. Sandstone: yellowish-gray (5Y-8/1), conglomeratic; 
matrix is  medium- to coarse-grained quartz sand; 
pebbles, in stringers, measure up to 2 inches in 
diameter, average about three-fourths to 1 inch in 
diameter, composed of quartzite, chert, rare jasper, 
and petrified wood; some sandstone lenses are com
posed of well-sorted quartz sand; few thin lenses, 
up to 10 inches, of shale; unit displays sm all- to 
medium-scale medium- to high-angle trough cross
bedding.

Shinarump member:

Total Chinle formation

Unconformity: Erosional relief of 6 feet.

NOTE: Some faulting may be present in covered 
interval as Shinarump member dips about 
18° and overlying units of Chinle dip only 
8° .

Thickness 
in feet

37

614
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Composite Section No. 4. Measured about 2 m iles south of 
abandoned village of Paria, Utah, by J. P. Akers, January 1, 
1952.

Tr lassie:
Moenave formation:

Dinosaur Canyon member:

Unit Description Thickness
No. in feet

18. Sandstone: light-brown (5YR-6/4); massive; con- 17
tains lenses of coarse material in base; some chert 
fragments appear to be reworked from underlying 
Chinle formation; unit is  bleached at bottom.

Contact: Appears conformable.

Chinle formation:
Petrified Forest member:

17. Siltstone: light-brownish-gray (5YR-6/1) to pale- 88
red-purple (5RP-6/2); becomes sandy toward bottom, 
and contains several lenses of white (N-9), shaly 
sandstone; rare limestone nodules near top; forms 
steep slope.

16. Mudstone: pale-red (5R-6/2); sandy in some 28
horizons.

15. Conglomerate: gray (N-5); coarse sand matrix with 7
angular pebbles of limestone, sandstone and bone; 
few mud chips.

14. Sandstone: pale-reddish-brown (1 OR-5/4); fine- to 17
medium-grained quartz sand; poorly sorted; contains 
abundant silt; lower 10 feet contains many bleached strata; 
exhibits sm all-scale planar crossbeds.

13. Sandstone: grayish-pink (5R-8/2); very hard and re- 2
sistant; very calcareous cement; composed of very 
fine- to fine-grained quartz sand; forms ledge.
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Unit Description 
No,

12. Mudstone: all shades of gray, brown, yellow, pink; 
some units are clay stone; some units contain con
cretionary, limestone pebbles that weather out; forms 
steep slope.

11. Sandstone: pale-reddish-brown (10YR-5/4) to light- 
brownish-gray (5YR-6/1); unit is  banded; poorly 
consolidated; contains abundant brown mud pellets; 
occasional lenses of resistant, highly crossbedded 
conglomerate up to 6 inches thick; unit forms steep 
slope.

10. Siltstone: gray (N-5), light-greenish- gray (5GY- 
8 /l) ,  and grayish-red-purple (5PP-4/2); sandy 
and conglomeratic in places; poorly consolidated; 
conglomeratic units contain pebbles up to half an 
inch in diameter; forms steep slope.

9. Mudstone: pale-red (5R-6/2), light-greenish-gray 
(5GY-8/1), light-brownish-gray (5YR-6/1); contains 
white conglomerate unit in top; lower part of unit 
contains abundant limestone nodules up to 5 inches 
in diameter, which weather out to collect at base of 
unit; forms steep slope.

8. Mudstone: light-brownish-gray (SYR-6/1); forms 
steep slope.

7. Mudstone: light-brownish-gray (SYR-6/1); abundant 
sand in unit; few thin, white shaly units; forms sm all 
ledge.

6. Mudstone: moderate-red (SR-6/4), moderate-gray 
(N-5), moderate-yellowish-brown (10YR-5/4); unit 
i s  well-consolidated; contains numerous ironstone 
concretions; forms steep slope.

69

27

66

86

22

3

Thickness
in feet

36
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5. Sandstone: grayish-red-purple (5RP-6/2); medium- 4
to fine-grained, angular to subrounded, poorly to 
well-sorted quartz; silty; thinly laminated and in
tricately crossbedded; abundant ripple marks; mi
caceous material abundant in foliation planes; forms 
ledge.

4. Mudstone: light-gray (N-6); weathers to marl. 7

3. Sandstone: grayish-blue (5PB-5/2); very dense 18
and hard; calcareous and gypsiferous cement; 
composed of well-sorted, fine-grained quartz; 
forms ledge.

Total Petrified Forest member 497

Unconformity: Shinarump missing at this site and to south 
between above section and Utah Highway 259. Section 
following measured 1 m ile west of above section.

Shinarump member:

2. Sandstone: yellowish-gray (5Y-8/1); composed of 111
well-sorted, subangular to round, clear, stained, 
and frosted, fine- to medium-grained quartz sand; 
notable lack of coarser materials, as compared to 
Shinarump to south; pebbles are relatively scarce; 
maximum size noted 1-1 /2  inches in diameter, but 
average is  about half an inch; pebbles are angular 
to round and composed of quartzite, rare chert and 
limestone; unit contains small fragments of carbonized 
wood and coal up to half an inch in random distribution; 
rare coarse- to granule-size stringers in cross
bedding planes; whole unit is  crossbedded with trough 
type deposited on medium-scale and medium-angle; 
forms ledge here, but to southeast is  missing or 
forms thin deposit of unconsolidated sand.

Unconformity: Channels carved into Moenkopi up to 100 
feet deep and 1 m ile wide. Upper part of Moenkopi is  
bleached.

Unit Description Thickness
No. in feet



Moenkopi formation:
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Unit Description 
No.

Thickness 
in feet

1. Sandstone and siltstone: pale-reddish-brown (10R- 
5/4); units of sandstone and siltstone alternate.

50+
incomplete
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