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UNCONFORMITIES, CORRELATION, AND NOMENCLATURE OF SOME
TRIASSIC AND JURASSIC ROCKS, WESTERN INTERIOR UNITED STATES

STRATIGRAPHIC RELATIONS OF THE
NAVAJO SANDSTONE TO MIDDLE JURASSIC FORMATIONS,
SOUTHERN UTAH AND NORTHERN ARIZONA

By FRED PETERSON and G. N. PIPIRINGOS

ABSTRACT

Stratigraphic studies in southern Utah and northern Arizona in-
dicate that the Navajo Sandstone does not intertongue with the
overlying Middle Jurassic Carmel Formation. Two crossbedded
sandstone bodies previously thought to be tongues of the Navajo in
the Carmel are, instead, entirely separate from the Navajo. In addi-
tion, a regional unconformity is present at the base of the Carmel
and equivalent formations. Thus, the Navajo is a predominantly
crossbedded sandstone formation at the top of the Glen Canyon
Group that does not intertongue with the Carmel Formation.

Early Jurassic palynomorphs were discovered in the Moenave
Formation, which is at the base of the Glen Canyon Group in
southwestern Utah and northwestern Arizona. These fossils in-
dicate that the Moenave as well as the overlying Kayenta and Nava-
jo Formations most likely are Early Jurassic in age and that con-
siderably more of the Glen Canyon Group is Early Jurassic than
had been thought before. However, the U.S. Geological Survey still
considers the Navajo Triassic(?) and Jurassic in age pending further
study of these plant fossils.

The Temple Cap Sandstone of southwestern Utah was formerly
considered a member at the top of the Navajo Sandstone, but it is
here given formation rank and included as the oldest formation in
the San Rafael Group where it lies beneath the Carmel Formation.
The Temple Cap is here divided into two newly named members: the
Sinawava Member and the White Throne Member. The Sinawava,
at the base of the formation, is flat bedded and consists of sand-
stone, silty sandstone, and mudstone, whereas the overlying White
Throne Member consists of crossbedded sandstone. The White
Throne grades westward into the Sinawava in the vicinity of the
Hurricane Cliffs and west of the Hurricane Cliffs the Sinawava is
the only member present. Contrary to previous reports, the White
Throne is not a tongue of the Navajo; instead, the White Throne
Member is separated from the Navajo by the Sinawava Member
and neither member merges with the Navajo. In addition, the lower
contact of the Sinagwava, termed the J-1 surface, may be an uncon-
formity, because it is a laterally continuous surface marked by
broad irregularities that may have been caused by erosional pro-
cesses. This surface is correlative with a similar surface in
northeastern Utah and adjacent parts of Idaho and Wyoming that
is considered an unconformity. The Temple Cap is unfossiliferous,
but it is assigned an early Middle Jurassic age on the basis of cor-
relation with the fossiliferous Gypsum Spring Member of the Twin
Creek Limestone in north-central Utah.

A regional erosion surface termed the J-2 unconformity bevels out
the Temple Cap Sandstone in southwestern Utah and the Navajo
Sandstone in southeastern Utah and northeastern Arizona. This
surface is marked by a thin layer of small chert pebbles that are lag
concentrates of chert nodules or pebbles derived from the underly-
ing formations. Although it is widespread and occurs throughout
most of the Western Interior, the J-2 unconformity probably was
formed during a brief erosion interval in early Middle Jurassic time.

The Middle Jurassic Carmel Formation of the San Rafael Group
lies on the J-2 unconformity in southwestern Utah. In this area, the
Carmel contains, in ascending order, the limestone member, banded
member, gypsiferous member, and Winsor Member. East of Can-
nonville, Utah, the equivalent of the limestone member is termed
the Judd Hollow Tongue of the Carmel and southwest of Cannon-
ville the banded member grades eastward into the Thousand
Pockets Tongue of the Page Sandstone. Owing to facies changes
east of the Paunsaugunt fault, strata that are equivalent to the gyp-
siferous member and Winsor Member farther west are termed the
upper member of the Carmel Formation.

Some of the crossbedded sandstone beds in south-central Utah
and north-central Arizona that were included in the upper part of
the Navajo Sandstone were found to be separated from the underly-
ing Navajo by the J-2 unconformity. These beds comprise a discrete
mappable unit and, accordingly, they are here removed from the
Navajo, assigned formation rank, and named the Page Sandstone.
The western part of the Page is divided into two westward-thinning
tongues by the eastward-thinning Judd Hollow Tongue of the
Carmel Formation. The lower tongue is here named the Harris
Wash Tongue of the Page Sandstone; the upper tongue of the Page
is the Thousand Pockets Tongue which was formerly considered a
tongue of the Navajo Sandstone. The Page is laterally equivalent to
the limestone and banded members of the Carmel Formation of
southwestern Utah. Based on these relationships, the Page is here
assigned a Middle Jurassic age and is placed in the San Rafael
Group.

The upper member of the Carmel Formation lies conformably on
the Page Sandstone in south-central Utah, but, progressing
southeastward from this area, strata included in the lower part of
the upper member interfinger with and gradually replace the Page.
Farther southeast in north-central and northeastern Arizona, the
lower beds of the upper member completely replace the Page so that
the upper member rests directly on the Navajo Sandstone and is
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separated from the Navajo by the J-2 unconformity. Where it rests
on the Thousand Pockets Tongue of the Page Sandstone, the upper
member is equivalent to the gypsiferous member and Winsor
Member of the Carmel of southwestern Utah; where it rests directly
on the Navajo, the upper member probably is equivalent in age to
most of the Carmel of southwestern Utah. These correlations in-
dicate that the upper member of the Carmel Formation is Middle
Jurassic in age.

INTRODUCTION AND
ACKNOWLEDGMENTS

Stratigraphic studies on the Colorado Plateau over
the past several decades yielded an anomalous
stratigraphic relationship between the Navajo Sand-
stone and the overlying Carmel Formation. In
southeastern Utah and northeastern Arizona, an un-
conformity separates the Navajo and Carmel, yet in
southwestern Utah the upper Navajo and lower
Carmel were thought to intertongue. Although this
was explained as westward dying-out of the unconfor-
mity, recent fieldwork between the Hurricane Cliffs
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and the Kaiparowits Plateau (fig. 1) led to the
discovery that the Navajo and Carmel do not inter-
tongue and that the unconformity in southeastern
Utah and northeastern Arizona does continue
westward into southwestern Utah (fig. 2). Because of
these findings, the stratigraphic relations of the Nava-
jo Sandstone to the Carmel Formation must be reinter-
preted. Because the stratigraphic relations determined
by this study are so different from those published by
Thompson and Stokes (1970), and because of am-
biguities in their report, we do not use the names that
they proposed for members of the Carmel Formation
and Entrada Sandstone. Instead, we feel that the infor-
mal names suggested by Cashion (1967) are adequate.

Considerable emphasis in this study was placed on
stratigraphic markers including marker surfaces and
key beds or marker zones with distinctive lithologies
or bedding characteristics. We used these markers to
trace formation boundaries as well as member boun-
daries through areas where similar rock types are jux-
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FiGURE 1.—Index map of southern Utah and northern Arizona showing location of measured sections and localities mentioned in the text.
The names of the sections are listed below, and the locations are given in detail at the end of the report.

1. Pine Creek 9. Potato Hollow 17. Little Bull Valley
2. Page 10. Meadow Creek 18. Averett Canyon

3. Harris Wash 11. Mount Carmel Junction 19. Sheep Creek

4. Zion Canyon (Observation Point) 12. Kanab Creek 20. Kodachrome Flat
5. Gunlock 13. Brown Canyon 21. The Gut

6. Diamond Valley 14. Johnson Canyon 22. Goodwater Seep

7. Cottonwood Canyon 15. Carly Knoll 23. Hackberry Canyon
8. Danish Ranch 16. Lick Wash 24, West Cove

25. East Cove 33. Upper Valley 41. Fiftymile Point

26. Judd Hollow 34. Seep Flat 42. Navajo Point

27. Sand Valley 35. Twentyfive Mile Wash 43. Little Arch Canyon
28. Gunsight Butte 36. Early Weed Bench 44. Tsai Skizzi

29. Kane Wash 317. Cat Pasture 45. Square Butte

30. Cummings Mesa NW 38. Big Hollow Wash 46.
31. West Canyon 39. Hurricane Wash 47.
32. Cummings Mesa Trail 40. Cave Point 48.

Cow Springs
Dinnehotso
Little Rock
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FIGURE 2.—Restored section of the Glen Canyon Group and lower part of the San Rafael Group showing continuity of J-0 and J-2 uncon-
formities from northeastern Arizona to southwestern Utah. Stratigraphic relations in Glen Canyon Group after Harshbarger, Repenning,

and Irwin (1957), Wilson (1965), and R. B. O’Sullivan (oral commun.,

1970). Unconformity or probable unconformity shown by wavy line;

J-0, J-1, J-2, and K-1 designate unconformities in Pipiringos and O’Sullivan (1978).

taposed and where the contacts had not been recogniz-
ed before. The result is a clearer picture than had been
obtained before of the relationship between the Navajo
Sandstone and younger formations. Furthermore, our
findings are consistent with the stratigraphic
framework of Lower and Middle Jurassic strata as cur-
rently understood in other parts of the Western In-
terior of the United States.

Owing to stratigraphic complexities, some of the
units cannot be discussed in a simple oldest-to-
youngest fashion. On the following pages we describe
the Navajo Sandstone as it occurs throughout the
region, followed by descriptions of the Temple Cap and
Carmel Formations in southwestern Utah, where the
type localities of these two formations are located. We
then discuss the Carmel and Page Formations in
south-central and southeastern Utah and adjoining
parts of Arizona, where these rocks are equivalent or
nearly equivalent in age to the type Carmel of
southwestern Utah. Following this is a brief descrip-
tion of the Entrada Sandstone, which lies on the
Carmel throughout most of the region. Finally, we
discuss the age of these formations in light of correla-
tions to well-dated units in other regions and in light of
recent paleontological discoveries.

The basic framework of this study consists of a net-
work of 21 measured sections of the Temple Cap Sand-

stone, about 100 complete or partial measured sections
of the Carmel Formation, about 110 measured sections
of the Page Sandstone, and 45 measured sections of
the Entrada Sandstone. In addition, the logs from 13
drill holes were also used. This was supplemented by
tracing the units laterally wherever possible, aided by
the stratigraphic markers noted earlier, and by map-
ping in the Kaiparowits Plateau by W. E. Bowers, E.
V. Stephens, H. A. Waldrop, H. D. Zeller, and Fred
Peterson.

The writers acknowledge with gratitude the helpful
comments and constructive criticism offered by W. E.
Bowers, P. E. Soister, E. V. Stephens, H. A. Waldrop,
and H. D. Zeller during the course of the Kaiparowits
mapping project, which has been in progress since
1963. Other members of the U.S. Geological Survey
who have given freely from their knowledge of the
stratigraphy of the Triassic and Jurassic Systems of
the United States include W. B. Cashion, L. C. Craig,
M. W. Green, R. W. Imlay, R. B. O’Sullivan, C. E.
Turner-Peterson, and D. G. Wyant. The palynomorphs
were identified by Bruce Cornet of Gulf Research and
Development Company, Houston, Texas, who has
made extensive studies of the palynology of Upper
Triassic and Lower Jurassic rocks of the eastern
United States. Capable assistance in the field was
given by B. E. Barnum, P. C. Birkhahn, J. D. Craig, C.
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J. Flynn, G. W. Horton, B. E. Law, R. A. Lehtola, O. L.
Ligon, Jr., and R. L. Sutton.

Mapping was done in the Kaiparowits Plateau at the
scale of 1:24,000 by plane table and alidade aided by
aerial photos flown in 1951, 1958, and 1966. In the part
of Glen Canyon now covered by Lake Powell, the study
was augmented by photos in the files of the U.S.
Geological Survey that were taken by T. H. O’Sullivan
with the Wheeler Survey in the 1870’s and by N. W.
Bass, E. C. LaRue, H. D. Miser, and R. C. Moore with
various U.S. Geological Survey parties in the 1920’s.
The sections were measured using a Brunton compass
and steel tape or using an Abney level and 5-foot Jacob
staff. Measurements were made in the English system
and later converted to metric. Colors in the lithologic
descriptions follow those in a rock color chart of God-
dard and others (1963), but the number and letter code
in that chart is not given because it implies a greater
accuracy than is possible to achieve in the field. Bed-
ding classification and terminology generally follow
that of McKee and Weir (1953), and grain size is ex-
pressed in terms of the Modified Wentworth Grade
Scale suggested by Dunbar and Rodgers (1957, p. 161).
Sorting and mean grain size were estimated in the field
with a hand lens, aided by comparison with 16 sieve
analyses made by R. F. Gantnier on samples from the
Page, Carmel, and Entrada Formations. In addition,
63 thin sections were prepared by M. E. Johnson from
samples of each of the formations.

The term silty sandstone is used for moderately to
poorly sorted very fine grained sandstone or coarse
siltstone that is poorly to moderately cemented and
generally weathers to form a slope. The term mudstone
is used for a nonfissile or poorly fissile rock composed
mainly of clay-size particles but also containing a
significant fraction of silt and sand-size grains. Shale,
while present, is for the most part included with the
mudstone because it is minor, inconspicuous, and
generally difficult to distinguish from the mudstone
except at perfect exposures.

This report is a byproduct of a comprehensive pro-
gram of the U.S. Geological Survey to evaluate and
classify mineral lands in the public domain.

GLEN CANYON GROUP

The name Glen Canyon Group was first used by
Baker and others (1927) for typical exposures in Glen
Canyon, where it included, in ascending order, the
Wingate Sandstone, rocks now known as the Kayenta
Formation but at that time thought to be the Todilto
Formation, and the Navajo Sandstone. Later,
Williams (1954) named the Moenave Formation and
assigned it to the group, where, in general, it is con-
sidered an equivalent to parts of the Wingate Sand-

stone and Kayenta Formation (fig. 2). Previous
workers considered the Glen Canyon Group Triassic
and Jurassic in age and thought that the systemic
boundary was near the top of the group, in the Navajo
Sandstone. However, recent paleontological and
stratigraphic discoveries, strongly suggest that the
group is largely Early Jurassic in age and that the
systemic boundary is at or near the base of the group,
either at the base of the Lukachukai Member of the
Wingate Sandstone or at the base of the Moenave For-
mation where the Lukachukai is absent. The Navajo
Sandstone is the only formation in the group that is
considered in detail here although a discussion of the
age of the entire group is given in later paragraphs.

NAVAJO SANDSTONE

The Navajo Sandstone (Gregory, 1917) is a thick,
cliff-forming, crossbedded sandstone formation that
underlies a large part of southern Utah and
northeastern Arizona. The colorful and spectacular
sheer cliffs, deep canyons, and impressive spires, pro-
montories, and monoliths that have been eroded in this
formation are responsible for much of the scenic beau-
ty of Zion National Park, Glen Canyon, and the Navajo
Indian Reservation (figs. 3, 4). For the most part, the
Navajo has two contrasting colors—various shades of
red in the lower part and various shades of light gray
in the upper part—but considerable variation occurs
within these colors. The boundary between the red and
white parts may be sharp or gradational, but in most
places the color change bears little if any relation to
bedding features and cuts directly across the
stratification. In addition, one or the other of these col-
ored zones may be missing, so that in places (for exam-
ple, west of Zion Canyon) the formation is almost en-
tirely moderate reddish orange or, as in parts of the
Circle Cliffs area, it is entirely very light gray to very
pale orange.

Most of the Navajo consists of quartzose sandstone
that is well sorted and fine to medium grained,
although at several places along the base of some of
the crossbedding sets there are scattered well-rounded
coarse and very coarse grains of quartz and black or
gray chert. The principal bedding types are high-angle,
large-scale crossbedding in tabular-planar, wedge-
planar, or trough-shaped sets generally 6-15 m thick,
although one set 34 m thick was measured in Glen Can-
yon near the mouth of the San Juan River.

Minor but conspicuous lenses of interbedded sand-
stone, mudstone, and cherty limestone or dolomite
(Pipiringos and O’Sullivan, 1975), comprise about 2-3
percent of the Navajo in south-central Utah and north-
central Arizona, but they are rare in southwestern
Utah. The lenses contain fine-grained, moderately
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Name
Carly Knoll

Lick Wash

Little Bull Valley

Averett Canyon
Sheep Creek

Kodachrome Flat

The Gut

Goodwater Seep

Hackberry Canyon

West Cove

East Cove

Judd Hollow

Sand Valley

28. Gunsight Butte

Location and reference

W2 sec. 30, center of sec. 31, T. 40 S.,
R.4 W,; SE% sec. 21, T. 40 S., R. 41%
W.; SWY% sec. 3, SEV4 sec. 4, T. 41 S,,
R. 412 W., Kane County, Utah.

SWs sec. 30, T. 39 S, R. 3 W,; NE%
sec. 1, T. 40 S, R. 4 W., Kane County,
Utah.

SEYi, NW4 sec. 19, SEV4 sec. 20, NEV4
sec. 28, T. 38 S, R. 3 W, Kane County,
Utah.

NEY sec. 23, T. 38 S., R. 3 W,, Kane
County, Utah.

Center of sec. 24, T. 38 S., R. 3 W., Kane
County, Utah.

EY; sec. 3, W% sec. 14, SEY sec. 15,
SWi4 sec. 20, SW¥% sec. 21, E¥% sec.
22, T. 38 S., R. 2 W.,, Kane County,
Utah.

SEYa sec. 12, T. 39 S, R. 1 W., Kane
County, Utah.

SEYs sec. 11, T. 40 S., R. 1 W., Kane
County, Utah (J. C. Wright, unpub.
data).

SE% sec. 9, T. 41 S, R. 1 W,, Kane
County, Utah (J. C. Wright, unpub.
data).

SW% sec. 19, T.42S.,R. 1 W.; SE ¥ sec.
25, T. 42 S., R. 2 W., Kane County,
Utah.

NE% sec. 15, T. 43 S., R. 1 W, Kane
County, Utah.

Phoenix, 1963, sec. 2, p. 64-66, modi-
fied.

Center of W sec. 36, T. 43 S.,R. 1 E,,

Kane County, Utah.
Note: According to Phoenix (1963,
p. 67), the type section of the Judd
Hollow Tongue and Thousand Pockets
Tongue is about 1 km northeast of this
locality. However, judging from the
distribution of outcrops in the area,
and a photo of the locality in the orig-
inal report (Phoenix, 1963, p. 32, fig.
12), the type sections probably were
measured here. Remeasured by Fred
Peterson in 1970.

SEY sec. 33, SW¥a sec. 34, T. 42 N., R.
7 E., Coconino County, Ariz.

Navajo Sandstone measured about 29.9
km northwest of Lees Ferry by Phoe-
nix (1963, p. 30).

Kayenta and Moenave Formations
measured in the NEV4 sec. 19, T. 40 N.,
R. 8 E., Coconino County, Ariz. by
Phoenix (1963, p. 79-80, sec. 7).

Wingate Sandstone probably measured
in same area as Kayenta Formation
by Wilson (1965, p. 38).

SW¥ sec. 23, T. 43 S., R. 5 E., Kane
County; Wz sec. 12, T.44S,,R.5 E,,
San Juan County, Utah.

No.

29.

Name

Kane Wash

B37

Location and reference

NEY sec. 13, T. 43 S,, R. 5 E.; NW%
sec. 18, T. 43 S., R. 6 E., Kane County,
Utah. D. D. Dickey and others (unpub.
data).

30. Cummings Mesa NW Measured at north end of west finger of

31.

32.

33.

34,

35.

36.

37.

38.

39.

40.

41.

42,

43.

44.

45.

46.

417,

48.

West Canyon

Cummings Mesa
trail

Upper Valley

Seep Flat

Twentyfive Mile
Wash

Early Weed Bench

Cat Pasture

Big Hollow Wash

Hurricane Wash
Cave Point
Fiftymile Point
Navajo Point

Little Arch Canyon

Tsai Skizzi

Square Butte

Cow Springs

Dinnehotso

Red Rock

Cummings Mesa, about 5.5 km N. 55°
E. and 6.9 km N. 62° E. of Gregory
Butte, San Juan County, Utah.

Measured 9.2 km S. 55° E. of Gregory
Butte, San Juan County, Utah, and
10.9 km S. 55° E. of Gregory Butte,
Coconino County, Ariz.

Measured on southeast side of Cum-
mings Mesa about 10.5 km N. 6° E.
of High Point Rock, Coconino County,
Ariz.

Well: California Company, No. 1 unit,
SW¥“NWY sec. 12, T. 36 S,, R. 1 E,,
Garfield County, Utah.

SWs sec. 33, T. 36 S, R. 5 E.; N sec.
4, T. 37 S., R. 5 E., Garfield County,
Utah.

W4 sec. 30, T. 87 S., R. 6 E., Garfield
County, Utah.

NW¥%SEV: sec. 1, T. 38 S, R. 6 E., Kane
County, Utah.

NEY sec. 26, NEY sec. 27, T. 38 S., R.
6 E., Kane County, Utah.

Center of Nz sec. 7, SW sec. 10, T. 39
S., R. 7 E., Kane County, Utah.

NEY sec. 26, T. 39 S., R. 7 E., Kane
County, Utah.

SW14 sec. 26, T.40 S, R. 8 E.; NEY sec.
2, T.418S., R. 8 E., Kane County, Utah.

NWy sec. 14, T. 41 S,, R. 8%z E., Kane
County, Utah.

SEY sec. 12, T. 42 S, R. 8 E., Kane
County, Utah.

Measured at north end of east finger of
Cummings Mesa, about 8km S. 5° W,
of Navajo Point, San Juan County,
Utah.

Measured on northwest side of Tsai
Skizzi Rock, a prominent isolated
butte about 33.8 km S. 68° E. of Page,
Coconino County, Ariz.

Measured in small tributary canyon to
Potato Canyon about 1 km east and
southeast of Square Butte and about
22.5 km N. 22° W. of Cow Springs
Trading Post, Coconino County, Ariz.

Measured about 2.1 km east of Cow
Springs Trading Post, Coconino Coun-
ty, Ariz.

Near Dinnehotso, Apache County, Ariz.
Harshbarger and others (1957, p. 65,
sec. 6; plates 2 and 3).

Near Red Rock, Apache County, Ariz.
Harshbarger and others (1957, pl. 2).
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MEASURED SECTIONS

Section 1.—Reference section of Carmel Formation and Page
Sandstone at Pine Creek

[Measured on west side of valley of Pine Creck about 4.8 km north of Escalante in the
N%SW%SWY sec. 29, EV:SEUSE% sec. 30, T. 34 S., R. 3 E. (projected), Garfield
County, Utah]

Entrada Sandstone (part): Thickness
Lower member (part): meters
42. Sandstone, silty, moderate-reddish-orange,
coarse silt size to very fine grained, moderately
to poorly sorted, very thin to thick bedded;
lower contact sharp and nearly planar; forms
slopes ...
Carmel Formation:
Upper member:
41. Marker bed: mudstone, grayish-purple,
laminated to very thin bedded, probably a ben-
tonite bed; formsslope...................... 0.3
40. Sandstone, moderate-reddish-brown, very fine
grained, moderately sorted; some ripple cross-

o
=]
(=]

lamination apparent; forms slight ledge.. .. ... 1.8
39. Mudstone, dark-reddish-brown, laminated to
very thin bedded; forms slope ............... 0.5

38. Sandstone, moderate-reddish-brown, very fine
grained, moderately sorted, irregularly very
thin bedded and ripple cross-laminated; forms
ledge .....cooviii 0.3

37. Sandstone, silty, moderate-reddish-brown,
coarse silt to very fine grained, moderately to
poorly sorted; bedding not apparent; forms
SloPe .o e e 0.6

36. Gypsum, mainly light gray but includes some
moderate-reddish-brown and grayish-yellow-
green, laminated to very thin bedded, locally

contorted; formsledge...................... 0.3
35. Sandstone, likeunit 37 ....................... 0.5
34. Mudstone, grayish-purple, some grayish-yellow-

green; formsslope.............c.ooiiieian, 0.3

33. Sandstone, light-gray at top to moderate-
reddish-brown at base, mottled in middle, very
fine grained, moderately sorted, very thin bed-
ded; formsslope.................ooiiini.... 4.0
32. Gypsum, like unit 36; 1.8 m above base is 0.9-m
bed of moderate-reddish-brown, slope-forming,

silty sandstone ............................ 3.4
31. Sandstone, likeunit 37 ....................... 1.5
30. Gypsum, likeunit36......................... 1.2

29. Mudstone, grayish-brown, dark-reddish-brown,
and grayish-yellow-green; 1.5 m above base is
0.6-m bed of gypsum like unit 36; forms slope. 4.6
28. Gypsum, like unit 36; includes about 20 percent
dark-reddish-brown mudstone; badly con-
torted; forms cliff ................. ... ... 3.0
27. Gypsum, like unit 36 but badly contorted; about
0.9 m above base is 0.9-m bed of dark-reddish-
brown mudstone; poorly exposed; forms slope 3.0
26. Mudstone, dark-reddish-brown, irregularly lam-
inated to very thin bedded; includes about 30
percent moderate-reddish-brown silty sand-
stone; 6.7 m above base is 0.6 m of gypsum like
unit 36; overlain by 1.2 m of laminated gray
limestone and 0.9 m of grayish-yellow-green
mudstone. The gypsum and limestone form a
slight ledge; the remainder forms a slope.. .. .. 14.6

Section 1.—Reference section of Carmel Formation and Page Sand-

Carmel Formation—Continued

Upper

25

24.

23.

22.

21.

20.

19.

18.

17.

16.

15.

stone at Pine Creek—Continued

member—Continued

. Partly covered slope; some light-gray gypsum
and very light gray limestone weathering out
ontheslope...........c.ooiiiiiiiiiiin s,

Gypsum, like unit 36; includes about 30 percent
dark-reddish-brown mudstone; generally
forms slope although several gypsum beds
formledges..........coiiiiiiiiiiiienannn,

Sandstone, very light gray, very fine grained,
moderately sorted, very thin bedded; forms
SlOPe ...t s

Partly covered slope, mainly dark reddish brown
mudstone and some moderate-reddish-brown
silty sandstone .................oiiiiee,

Gypsum, like unit 36; exposed as a series of
small hills and knobs that extend along the
partly covered floor of a smallgully..........

Partly covered slope, mainly dark reddish brown
mudstone ...........oiiiiiiiiiiiiieiaa.,
Marker bed: limestone, yellowish-gray, micro-
crystalline to very fine grained, very thin to
thin-bedded, locally very low angle, small-scale
crossbedded; top 15 cm contains several poorly
preserved pelecypods identified as Pronoella
uintahensis Imlay by R. W. Imlay (written
commun., 1969); weathers to slabby cliffs and
forms a small hogback ......................

Partly covered slope, mainly dark reddish brown
mudstone grading to grayish-yellow-green in
upper 0.9 m above base, suggesting a thin
limestonebed attop........................

Limestone, light-gray, microcrystalline, very
thin bedded; forms flaggy cliffs..............

Partly covered slope, mainly dark reddish brown
MUdStone ........oovvvuiiiieiiieiniioininns
Partly covered slope, mainly yellowish gray,
very thin bedded limestone includes some
grayish-yellow mudstone; lower contact ap-
parently planar .................. ..ol

Thickness
meters

1.5

8.5

5.8

17.2

15

7.6

15.2

5.2

6.7

3.4

0.9

Total upper member of Carmel Formation . 113.4

Page Sandstone
Thousand Pockets Tongue:

14.

Sandstone, very light gray to pale-yellowish-
orange at top, fine-grained, well-sorted; consists
of tabular-planar and wedge-planar sets of
large-scale low- and high-angle cross-strata;
basal 0.6 m locally slumped; forms smooth cliff

13. Marker bed: sandstone, moderate-reddish-brown,

very fine grained, moderately sorted, irregularly
very thin to thin-bedded; forms slope .........

12. Sandstone, light-gray, very fine grained, moder-

ately sorted, very thin to thin-bedded; forms
Cliff ...

5.5

3.0
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Section 1.—Reference section of Carmel Formation and Page Sand-
stone at Pine Creek—Continued

Thickness
meters

Page Sandstone—Continued

Thousand Pockets Tongue—Continued

11. Sandstone, moderatereddish-brown; grades to
light-gray and pale-yellowish-orange at top;

very fine grained, well-sorted. Consists of
tabular-planar and wedge-planar sets of large-

scale, low-and high-angle, cross-strata; lower 9.6

m is irregularly very thin bedded; basal contact

placed at sharp change in lithology; forms

smoothcliff ................ooviiiiiiaa, 11.3
Total Thousand Pockets Tongue of Page
Sandstone ...............ceiiiin.., 21.9
Carmel Formation:
Judd Hollow Tongue:

10. Partly covered slope, mainly dark reddish brown
mudstone; includes some moderate-reddish-
brown silty sandstone; top 15 cm is grayish-
purple bentonite; bedding not apparent ... ..... 5.2

9. Limestone, yellowish-gray, very fine grained, sil-
ty and sandy, ripple cross-laminated; forms
flaggy cliff ............c.oiiiiiiii 3.0

8. Interbedded unit: sandstone (about 50 percent),
moderate-reddish-brown, fine-grained,
moderately sorted; mudstone (about 40
percent), dark-reddish-brown; and limestone,
moderate-reddish-brown; very thin to thin-
bedded; about 3 m above base is 0.3-m bed of
grayish-purple mudstone; forms slope ........ 84

7. Limestone, very pale orange, very fine grained,
sandy and silty, irregularly very thin bedded;
forms flaggyledge....................oout 14

6. Sandstone, light-gray to grayish-orange, fine-
grained, irregularly laminated to very thin bed-
ded; formsslope ...l 1.4

5. Sandstone, light-gray, fine-grained, moderately to
well-sorted, laminated to small-scale very low
angle crossbedded; forms ledge .............. 0.5

4. Sandstone, light-gray to grayish-orange, fine-
grained, moderately sorted, irregularly
laminated to very thin bedded; forms notch or
SlOPE .o e 0.6

3. Sandstone, light-gray, stained moderate-
yellowish-brown, very fine grained, moderately
sorted, irregularly very thin bedded; contains
several slumped beds; lower contact sharp and

planar; forms flaggy cliff .................... 2.0
Total Judd Hollow Tongue of Carmel Form-
ation ...... .. 26.6

Page Sandstone:
Harris Wash Tongue:

2. Sandstone, light-gray, some moderate-reddish-
brown, fine- to medium-grained, well-sorted;
bedding consists of tabular-planar and trough-
shaped sets of large-scale low- and high-angle
cross-strata; scarce angular very fine to fine
pebbles of pale-brown to grayish-red chert scat-
tered along base; lower contact sharp and
planar; regional studies indicate it is an uncon-
formity; forms cliff; base locally forms slight

overhang ............coveiiiiiiiiiineinns 4.6

Total Harris Wash Tongue of Page Sand-

11770 1 4.6
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Section 1.—Reference section of Carmel Formation and Page Sand-
stone at Pine Creek—Continued

Thickness

Unconformity.
meters

Navajo Sandstone (part):
1. Sandstone, light-gray, fine-grained, well-sorted;
consists of tabular-planar and wedge-planar
sets of large-scale low- and high-angle cross-
strata; forms blocky cliffs................... 30.5+
Total measured Navajo Sandstone....... 30.5

Section 2a.—Reference section of Carmel Formation (upper member)
at Page

[Measured near paved road on west side of valley of Wahweap Creek about 5 km north of
Hayden Visitor Center at Glen Canyon Dam in the SW%4SWY sec. 1, SEX4SE Y sec. 2,
T, 41 N., R. 8 E., Coconino County, Ariz.}

Entrada Sandstone (part):

24. Sandstone, very light gray, fine-grained, moder-
ately to well-sorted; bedding consists of
trough-shaped sets of medium- to large-scale
high-angle cross-strata; lower contact sharp,
planar, and conformable; top eroded; forms
small irregular cliffs and knobby slopes......

Total measured Entrada Sandstone...... 6.1

Carmel Formation:
Upper member:
23. Sandstone, silty, grayish-yellow-green, coarse
silt to very fine grained, moderately to poorly
sorted, irregularly very thin bedded; forms
SlOPE .o e 0.3
22. Mudstone, dark-reddish-brown, sandy, lamin-
ated to very thin bedded; contains several
sandstone and silty sandstone beds, which are
moderate reddish brown, coarse silt to very
fine grained, moderately to poorly sorted, very
thin to thin bedded; 9.1 m above base is 0.9-m
bed of very thin bedded white sandstone
overlain by 15 cm of grayish-purple mudstone;
8.5 m above base is 0.3 m of very thin bedded
white sandstone overlain by 15 cm of grayish-
purple mudstone; 0.9 m above base is 15 cm of
grayish-purple bentonite; forms slope.......... 13.5
21. Sandstone, moderate-reddish-brown; top 0.3 m
is white, fine-grained, moderately sorted; con-
tains scattered very coarse grains, irregularly
very thin to thin bedded; 3.7 m above base is
thin lens of dark-reddish-brown mudstone as
much as 0.3 m thick; forms slopes with slabby
cliffinmiddle.............................. 5.5
20. Sandstone, moderate-reddish-brown, very fine
grained, moderately sorted, irregularly very
thin to thin-bedded; includes many Iaminae or
very thin beds of silty sandstone or mudstone;
8.5 m above base is 5 cm of dark-reddish-brown
mudstone; 7.3 m above base is 0.9 m of white
crossbedded sandstone; 6.7 m above base is 15
cm zone with scattered very fine to fine peb-
bles; forms slabby slopes at base and slabby
cliffsattop.............cooiiiiiiiat, 9.4
19. Sandstone, moderate-reddish-brown, fine-
grained, moderately sorted, contains scattered
very fine pebbles; laminated to very thin bed-
ded; 1.2 and 1.5 m above base are two 7-mm-
thick laminae of grayish-purple mudstone;
forms slope with slabby cliffat top........... 4.9

o
s
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Section 2a.—Reference section of Carmel Formation (upper member)
at Page—Continued

Carmel Formation—Continued

Upper member—Continued Thickness

meters

18. Sandstone, moderate-reddish-brown, very fine
grained, moderately sorted; several beds con-
tain scattered very fine pebbles; bedding is
laminated to very thin bedded or consists of
tabular-planar sets of small- to medium-scale,
low-angle cross-strata; includes minor dark-
reddish-brown mudstone; forms a series of
slabby to blocky ledges ..................... 6.7
17. Interbedded sandstone and mudstone; sand-
stone, grayish-purple, fine-grained, moderately
sorted; mudstone, dark-reddish-brown to
grayish-purple, very thin to thin-bedded;
formsslope ............coiiiiiiiiiiiii, 1.5
16. Sandstone, very light gray, fine-grained, mod-
erately sorted; bedding is indistinct; forms
ledge ....oovviii e 0.6
15. Sandstone, moderate-reddish-brown, fine-
grained, moderately sorted; contains scattered
very fine pebbles, very thin bedded; forms
slope ... 0.3
14. Sandstone, pebbly, moderate-reddish-brown,
fine-grained, poorly sorted; contains scattered
very fine to fine pebbles and thin conglomerate
lenses, irregularly very thin bedded; forms
SlOpPe .. e e 0.3
13. Sandstone, likeunit15....................... 0.9
12. Sandstone, moderate-reddish-brown, fine-
grained, moderately sorted; contains scattered
very fine pebbles, very thin bedded; slight
ledgecapscliff...................ooooiit 0.9
11. Sandstone, moderate-reddish-brown, fine-
grained, well-sorted; consists of a tabular-
planar set of large-scale high-angle cross-
strata; forms smooth cliff................... 46
10. Sandstone, moderate-reddish-brown, fine-
grained, moderately sorted; contains scattered
very fine pebbles laminated to very thin bed-
ded; top 0.9 m includes several very thin beds
of dark-reddish-brown mudstone, some of
which have sandstone-filled mudcracks; 5.5 m
above base is 0.3-m bed of dark-reddish-brown
shale containing sandstone-filled mudcracks,
overlain by 2.1-m sandstone bed that is locally
crossbedded and contains scarce scattered
mudchips; 4.3 m above base is 0.3-m bed of
dark-reddish-brown shale; 0.9 m above base is
2.5-cm bed of dark-reddish-brown shale;
generally forms slabby to blocky cliffs but in-
cludes several slopes ....................... 8.8
9. Sandstone, moderate-reddish-brown, very fine
grained, moderately sorted, very thin bedded;
includes several very thin beds of dark-
reddish-brown mudstone; forms slope........ 0.5
8. Sandstone, moderate-reddish-brown, fine-
grained, moderately sorted; contains scattered
coarse and very coarse grains; bedding is
laminated to very thin bedded or consists of
scarce tabular-planar sets of medium-scale
high-angle cross-strata; includes scarce very
thin beds of dark-reddish-brown shale and

TRIASSIC AND JURASSIC ROCKS, WESTERN INTERIOR UNITED STATES

Section 2a.—Reference section of Carmel Formation (upper member)
at Page—Continued

Carmel Formation—Continued

Upper member—Continued Thickness

meters
mudstone; forms slabby to blocky ledges and
SlOPeS ..ot e 7.9
7. Marker bed: limestone, grayish-pink to mod-
erate-pink, microcrystalline, laminated but in-
cludes scarce ripple cross-laminae; locally has
abundant straight lines that intersect at right
angles on several bedding surfaces (“‘maprock”
of Young, 1964); forms platy ledge........... 0.6

6. Sandstone, silty, moderate-reddish-brown,
very dark red in thin irregular zone in middle,
coarse silt to very fine grained, moderately to
poorly sorted, very thin bedded; forms slope.. 0.6

5. Sandstone, moderate-reddish-brown, fine-
grained, moderately sorted; contains scarce
scattered very fine pebbles, irregularly
laminated to thin-bedded; includes scarce very
thin beds of dark-reddish-brown mudstone;
forms flaggy ledges and slopes .............. 5.3

4. Sandstone, moderate-reddish-brown, fine-
grained, moderately sorted; contains scattered
very coarse grains; very thin bedded; includes
some very fine grained silty sandstone; forms
flaggy slope .........coovviiiiiiiiiii, 2.6

3. Sandstone, like unit 4, but forms ledge......... 0.8

2. Sandstone, silty, moderate-reddish-brown,
coarse silt to fine-grained, moderately to poor-
ly sorted, very thin to thin-bedded; includes
several very thin beds of dark-reddish-brown
mudstone; lower contact sharp, nearly planar
with less than 0.3 m of relief locally; forms
Slope .o e 1.2

Total upper member of Carmel Form-
ation ....... .ol

Page Sandstone (part):

1. Sandstone, moderate-pink, fine-grained, well-
sorted; consists of tabular-planar and wedge-
planar sets of large-scale low- and high-angle
cross-strata; forms smooth slopes and cliffs . .

Total measured Page Sandstone.........

(R
=3
oo

+

Section 2b.—Type section of Page Sandstone
[Measured on northwest side of Manson Mesa and the town of Page in the SW/4NW % sec.
19, T. 41 N., R. 9 E., (projected), Coconino County, Ariz. Base of section is about 914 m
east-northeast from Glen Canyon Dam and line of section trends due east up small
cleft in cliffs to VABM 4103, Antelope]
Thickness
meters
Carmel Formation (part):
Upper member (part):

9. Sandstone, dark-reddish-brown, fine-grained,
moderately sorted; contains scattered very
fine pebbles, very thin bedded to thin bedded;
includes some sandy mudstone; forms ledges
andslopes.........cociiiiiiiiiiiiiiin,

8. Mudstone, dark-reddish-brown, sandy, lamin-
ated to very thin bedded; forms slope........ 2.0

6.0+
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Section 2b.—Type section of Page Sandstone—Continued

Carmel Formation—Continued
Upper member—Continued

Thickness
meters

7. Sandstone, very light gray to grayish-pink,
fine-grained, moderately sorted, irregularly
very thin to thin-bedded, lower contact sharp
and planar; generally covered by soil; forms

slight ledge whereexposed .................. 0.2

Total measured upper member of Carmel
Formation ........................... 8.2

Page Sandstone:

6. Sandstone, moderate-reddish-orange to moder-
ate-reddish-brown; grades to very light gray or
grayish pink at top, fine grained, well sorted;
scarce coarse grains occur at base of several
cross-bedding sets; bedding consists of
tabular-planar sets of medium- to large-scale,
low- and high-angle cross-strata; forms smooth
slopes or cliff rounded at top ................

5. Sandstone, dark-reddish-brown, fine-grained,
moderately sorted, irregularly very thin bed-
ded; fossil joints at base extend about 0.6 m in-
to underlying beds; forms local small bench or
slight notch ............c.oooiiiiiiiiin, 0.3

4. Sandstone, same as unit 6; grades to grayish
red at top where small calcite or silica-
cemented sandstone nodules occur; forms
smooth steep slopes or cliff ................. 7.9

3. Sandstone, dark-reddish-brown, fine-grained,
moderately sorted, irregularly very thin bed-
ded; forms local small bench or slight notch... 0.3

2. Sandstone, moderate-reddish-orange to moder-
ate-reddish-brown, fine-grained, well-sorted;
scarce coarse grains occur at base of several
crossbedding sets; bedding consists of tabular-
planar sets of medium- to large-scale, low- and
high-angle cross-strata; scattered along base
are abundant angular very fine to fine pebbles
of white to very pale orange chert or scarce red
chert; fossil joints at base extend down about 1
m into Navajo Sandstone; lower contact sharp
and planar except at fossil joints; regional
studies indicate an unconformity; forms
smooth rounded cliffs ...................... 8.2

Unconformity.
Navajo Sandstone (part):

1. Sandstone, pale-reddish-brown; grades down to
moderate reddish brown, fine grained, well
sorted; bedding consists of tabular-planar sets
of medium- to large-scale, low- and high-angle
cross-strata; small silica- and calcite-cemented
sandstone nodules occur in upper 4.6 m; forms
smooth sheer cliffs in Glen Canyon but above
the canyon has irregular bench a kilometer or
more wide, stripped backontop.............

Total measured Navajo Sandstone.......
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Section 3.—Type section of Harris Wash Tongue of Page Sandstone
[Measured on west side of Halfway Hollow about 0.8 km from junction with Harris Wash,
about 20 km southeast of Escalante, Utah, in the NE“4SE%4NEY sec. 26, T. 36 S, R. 4
E., Garfield County, Utah]
Carmel Formation (part):
Judd Hollow Tongue (part):
5. Mudstone, dark-reddish-brown, laminated to
very thin bedded; upper part involved in in-
traformational folds; forms slope ............
4. Sandstone, moderate-reddish-brown and gray-
ish-red; top meter mottled with grayish pink;
fine grained, moderately to well sorted, ir-
regularly laminated to very thin bedded; in-
cludes some small- to medium-scale, low-angle,
wedge-planar cross-strata; forms slabby cliff . 6.9
Total measured Judd Hollow Tongue of
Carmel Formation.................... 7.5

Thickness
meters

0.6+

Page Sandstone (part):
Harris Wash Tongue:

3. Sandstone, moderate-reddish-brown and gray-
ish-pink; grading upward to dominantly
grayish pink, fine grained, well sorted; consists
of tabular-planar and wedge-planar sets of
medium- and large-scale, low- and high-angle
cross-strata; top 15 cm is a set of low-angle,
wedge-planar cross-strata; beneath that is a
set of large-scale, high-angle cross-strata
about 10.7 m thick; forms smooth cliff.......

2. Sandstone, moderate-reddish-brown; includes
some that is grayish pink and very light gray,
fine grained, moderately sorted, laminated to
very thin bedded and ripple cross laminated;
scattered along base are angular very fine peb-
bles of white to very pale orange chert; fossil
joints extend down as much as 1.2 m into the
Navajo Sandstone; basal contact sharp and
planar except at fossil joints; regional studies
indicate it is an unconformity; forms smooth
cliffs, locally stripped back slightly at base... 0.3
Total Harris Wash Tongue of Page Sand-
stone .......oiiiiiiiii e 18.3

Unconformity.
Navajo Sandstone (part):

1. Sandstone, grayish-pink to moderate-reddish-
brown, fine-grained, well-sorted; consists of
tabular-planar and wedge-planar sets of
medium- to large-scale, low- and high-angle
cross-strata; forms smooth cliff ............. 6.1+

Total measured Navajo Sandstone....... 6.0

Section 4.—Principal reference section of Temple Cap Sandstone,
type section of Sinawava and White Throne Members

[Measured at top of Zion Canyon about 500 m northeast of Observation Point in the
NW%NWY sec. 2, T. 41 S, R. 10 W. (projected), Zion National Park, Washington
County, Utah]

Thickness

Carmel Formation (part): Mory

Limestone member (part):
Limestone unit (part):

10. Limestone, very pale orange, microcrystal-
line to very fine grained, thin- to thick-
bedded, locally laminated to very thin bed-
ded; forms slabby ledges; top eroded, only
lower part present ..............coauun,

Total measured limestone unit. . .....
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Section 4.—Principal reference section of Temple Cap Sandstone,
type section of Sinawava and White Throne Members— Continued
Carmel Formation—Continued
Limestone member—Continued
Basal unit:

9. Interbedded mudstone and sandstone;
mudstone, dark-reddish-brown, laminated
to very thin bedded; sandstone and silty
sandstone, moderate-reddish-brown to
grayish-pink, coarse silt, to fine-grained,
moderately sorted, very thin bedded; con-
tains some pink limestone near top; forms
a slope, generally partly concealed by thin
veneer of talusof soil ...................

8. Sandstone, moderate-reddish-brown, medi-
um-grained; contains scattered rounded
coarse grains of black, gray, or brown
chert and red or clear quartz, and angular
very coarse grains and very fine pebbles of
white or pink chert, irregularly very thin
to thin bedded; lower contact sharp and
planar; regional studies indicate it is an un-
conformity; forms flaggy ledge ..........

Total basal unit ....................
Total measured limestone member of
Carmel Formation ................
Temple Cap Sandstone:
White Throne Member:

7. Sandstone, yellowish-gray grading down to very
light gray and very pale orange, fine-grained,
well-sorted; consists of trough and tabular-
planar sets of large-scale, low- and high-angle
cross-strata; forms smooth cliff .............

Thickness
meters

0.3
6.4

—

8.6

26.5

6. Sandstone, grayish-yellow to pale-yellowish-
orange, very fine to fine-grained, scattered
very coarse grains, moderately sorted; con-
sists of tabular-planar and wedge-planar sets
of medium-scale, low-angle cross-strata; forms
irregular cliff; locally has a small shoulder at

top 4.0

5. Sandstone, grayish-yellow to pale-yellowish-
orange, very fine to medium-grained; scattered
coarse grains, moderately sorted, very thin
bedded; includes tabular-planar sets of small-
scale, low-angle cross-strata in lower 15 cm;

formseliff ...........ccoi it 0.6

4. Sandstone, very light gray and some moderate-
reddish-brown, mottled, fine-grained,
moderately to well-sorted; consists of trough-
shaped sets of medium- to large-scale low- and
high-angle cross-strata; lower contact grada-
tional; unit varies in thickness owing to in-
traformational folds or slumps at or near the
base; formscliff................ ... ...

Total White Throne Member . ...........

—
®
>

S
©
<

Sinawava Member:

3. Interbedded sandstone, silty sandstone, and
mudstone; sandstone and silty sandstone,
moderate-reddish-brown, coarse silt to very
fine grained, scattered coarse grains,
moderately to poorly sorted, laminated to very
thin bedded; mudstone, dark-reddish-brown,
laminated to very thin bedded, more abundant
near base of unit; unit varies in thickness ow-
ing to intraformational folds or slumps near
top, largely concealed by talus and soil cover;
formsslope.......oooviiiiiiiii i

TRIASSIC AND JURASSIC ROCKS, WESTERN INTERIOR UNITED STATES

Section 4.— Principal reference section of Temple Cap Sandstone, type
section of Sinawava and White Throne Members—Continued
Temple Cap Sandstone—Continued

Sinawava Member—Continued

2. Sandstone, very light gray to moderate-red-
dish-brown, mottled, very fine to fine-grained,
scattered coarse and scarce very coarse grains,
moderately to poorly sorted, irregular very
thin bedding, basal contact sharp, nearly
planar, but locally has about 15 cm relief;

Thickness
meters

forms slope or slight ledge .................. 0.3

Total Sinawava Member ................ 6.1

Total Temple Cap Sandstone ............ 55.8

Navajo Sandstone (part):

1. Sandstone, white to very light gray, fine-grain-
ed, well-sorted; consists of tabular-planar and
wedge-planar sets of large-scale, low- and high-

angle cross-strata; forms smooth cliff........ 15.2

Total measured Navajo Sandstone....... 15.2
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