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REVISIONS TO STRATIGRAPHIC NOMENCLATURE OF JURASSIC AND CRETACEOUS ROCKS

OF THE COLORADO PLATEAU

Revisions in Nomenclature of the Middle Jurassic
Wanakah Formation, Northwestern New Mexico

and Northeastern Arizona

By Steven M. Condon and A. Curtis Huffman, Jr.

Abstract

Use of the name Summerville Formation in northwestern
New Mexico and northeastern Arizona is here discontinued,
and this name is replaced by the name Wanakah Formation
in that area. In New Mexico and Arizona the Wanakah con-
sists of the basal Todilto Limestone Member and two new
members, the Beclabito and Horse Mesa Members. The
Wanakah overlies the Entrada Sandstone, underlies the Mor-
rison Formation, and intertongues laterally with the Cow Springs
Sandstone. On the basis of previously established stratigraphic
relations, the Wanakabh is considered to be Middle Jurassic in
age.

INTRODUCTION

The Middle Jurassic Wanakah Formation of the
San Rafael Group is here reinstated throughout north-
western New Mexico and northeastern Arizona and
replaces the name Summerville Formation in those areas.
This change in stratigraphic nomenclature is necessary
because recent stratigraphic reports (O’Sullivan, 1980a,
1981; O’Sullivan and Pierce, 1983) have documented the
reasons for limiting use of the name Summerville For-
mation to the San Rafael Swell-Monument upwarp area
of Utah (fig. Al). These reports have applied the name
Wanakah Formation to red beds in southeastern Utah
and southwestern Colorado where the Summerville was
previously recognized.

The Wanakah was named by Burbank in 1930 for
exposures in the Wanakah mine, near Ouray, Colo., and
was originally assigned as the basal member of the Mor-
rison Formation (fig. A2). The Wanakah near Ouray in-
cluded all strata between the Upper(?) Jurassic sandstone
(now named the Entrada Sandstone) and the lower part
of the sandstone member of the Morrison (now assigned
to the Tidwell Member of the Morrison; Peterson, this
volume) (Burbank, 1930, p. 172). Goldman and Spencer

(1941) also considered the Wanakah to be a member of
the Morrison; however, they restricted the name to sandy,
red, argillaceous strata that are now called the upper or
marl member of the Wanakah. They named an underly-
ing red sandstone the Bilk Creek Sandstone Member of
the Morrison, and assigned Burbank’s ‘“‘Pony Express
beds’’ to the base of the Morrison as the Pony Express
Limestone Member. Eckel (1949, p. 28) elevated the
Wanakah to formation rank and extended the name to
the La Plata Mountains area (fig. Al), where it consists
of the Pony Express Limestone Member at the base, the
Bilk Creek Sandstone Member, and the marl member.
In this report, our use of the name Wanakah Formation
in northwestern New Mexico and northeastern Arizona
follows that of Baker and others (1947, p. 1668) and
Imlay (1952, p. 960), who included the Todilto Lime-
stone, an equivalent of the Pony Express, as the basal
member of the Wanakah Formation (fig. A2).

In this report we are establishing a reference sec-
tion for the Todilto Limestone Member and the Wanakah
Formation, and a type section for the Beclabito (bek-'la-
bito) and Horse Mesa Members at Horse Mesa, Arizona
and New Mexico, in sec. 17, T. 38 N., R. 31 E. (Gila/Salt
River grid) and secs. 26 and 27, T. 29 N., R. 21 W. (New
Mexico grid). At Horse Mesa the Wanakah consists of
the Todilto Limestone Member at the base, the Beclabito
Member, and the Horse Mesa Member. The Beclabito
is named in this report for exposures at Beclabito dome,
7 mi (11 km) north-northeast of Horse Mesa. The name
Horse Mesa Member is applied here to rocks between the
Beclabito Member of the Wanakah and the Salt Wash
Member of the Morrison Formation on Horse Mesa. A
comparison of the nomenclature of this report with that
used previously and in other areas is shown as figure
A2. The measured section at Horse Mesa is shown as
figure A7.

The Todilto Limestone, named by Gregory (1917)
for exposures at Todilto Park, N. Mex. (fig. Al), is here
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Figure A1. Location map of northwestern New Mexico, northeastern Arizona, and adjacent areas.

lowered in rank and made the basal member of the
Wanakah Formation, because its equivalent in Colorado,
the Pony Express Limestone, is the basal member of the
Wanakabh in that area (fig. A2). This reassignment makes
the base of the Wanakah consistent from Colorado to
Arizona and New Mexico. The name Beclabito Member
is here introduced to describe the red beds previously
named Summerville Formation in Arizona and New
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Mexico. Above these red beds the name Bluff Sandstone
was applied incorrectly to both the Bluff Sandstone
Member of the Morrison Formation and an underlying
sandstone unit in the Carrizo Mountains area (Strobell,
1956); use of the name Bluff Sandstone in the Carrizo
Mountains area is here restricted, and the lower sand-
stone unit or ‘‘A unit’’ of the Bluff is renamed the Horse
Mesa Member of the Wanakah. The Horse Mesa is the
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uppermost member of the Wanakah in the Carrizo
Mountains area.

Figure A3 is a cross section from Toh Atin Mesa
in northeastern Arizona to Navajo in northwestern New
Mexico that shows the thickness of the Wanakah in the
area of this report. See Condon (1985a) for detailed
lithologic descriptions of the stratigraphic sections used
for the cross section. Figure A4 comprises photographs
of most of the outcrops that are control points for the
cross section. Also see Condon (1985b) for lithologic
descriptions of the Wanakah Formation and adjacent
units along the south side of the San Juan Basin.

STRATIGRAPHY AND
DEPOSITIONAL ENVIRONMENTS

The Todilto Limestone is the basal member of the
Wanakah Formation in northeastern Arizona and north-
western New Mexico and is the same lithostratigraphic
unit as the Pony Express Limestone Member of south-
western Colorado (Wright, 1959, p. 62). The nomen-
clature change from Todilto to Pony Express is placed
arbitrarily at the New Mexico-Colorado State line. The
Todilto Limestone Member consists of limestone,
gypsum, anhydrite, and minor amounts of calcareous

sandstone and siltstone (fig. A4D). The limestone forms
a unit that ranges in thickness from 0 to 40 ft (12 m);
it is light to dark gray, is laminated to structureless, and
contains algal structures, ostracodes, and a few fish but
is otherwise generally unfossiliferous. In part of the
Todilto-Pony Express basin of deposition, the limestone
is overlain by a white gypsum-anhydrite unit 0 to 125 ft
(38 m) thick (fig. AS). This unit is predominantly gyp-
sum at or near the surface and predominantly anhydrite
in the subsurface; it includes bedded and nodular types
of both minerals. Near the margins of the basin of deposi-
tion of the Todilto-Pony Express (fig. A5), the limestone
grades laterally into calcareous sandstone and siltstone
of the Beclabito Member or equivalents. Green and Jack-
son (1976) and Condon (1985b) report that granules and
pebbles of chert occur at the stratigraphic position of the
Todilto in the Gallup, N. Mex., area, where the limestone
pinches out. The Todilto is recognized throughout most
of the New Mexico part of the San Juan Basin, as well
as in the Chama basin, the Hagan basin, and other areas
of northwestern New Mexico (figs. Al, AS).

The Todilto has been interpreted alternatively as
deposits of (1) a fresh to saline inland lake (Anderson
and Kirkland, 1960; Tanner, 1965, 1970; Rawson, 1980)
or (2) a restricted marine basin (Harshbarger and others,
1957; Ridgley and Goldhaber, 1983; Ridgley, 1984).
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Five main reasons have been given for interpreting
the Todilto as a continental deposit: (1) A nonmarine
ostracode species has been found in the Todilto (Swain,
1946). (2) No fossils that are clearly marine have been
found (Anderson and Kirkland, 1960, p. 45). (3) The
Todilto doesn’t interfinger with or extend into marine
deposits (Tanner, 1970, p. 286). (4) The paleogeographic
position of the Todilto basin of deposition has been in-
terpreted by some to be an inland, shallow depression that
was bordered by low hills on three sides and open to an
alluvial plain on the east (Tanner, 1965, p. 568). (5) No
dolomite is associated with gypsum in the Todilto
(Rawson, 1980, p. 305).

Reasons given for interpreting the Todilto as a
marine deposit are these: (1) Limestone is associated with
gypsum in the member, and chloride salts are absent
(Harshbarger and others, 1957, p. 46). (2) Whole-rock car-
bon, oxygen, and sulfur isotope studies point to a marine
rather than a lacustrine origin for limestone of the Todilto
(Ridgley and Goldhaber, 1983). (3) Other paleogeograph-
ical reconstructions indicate deposition in a craton-margin
basin (Ridgley, 1984). (4) Recent re-evaluation of Jurassic
fish from the Western Interior suggests that two fish taxa
in the Todilto entered the Todilto basin from marine waters
(Schaeffer and Patterson, 1984, p. 12).

6 Jurassic and Cretaceous of Colorado Plateau

The data presented are thus somewhat contradic-
tory, and this issue remains unresolved. It seems to the
present writers that the isotope studies of Ridgley and
Goldhaber (1983) are perhaps the best quantitative data
for supporting a marine origin over a lacustrine origin.
Figure A6 is a general paleogeographical reconstruction
of the Four Corners region in Todilto-early Beclabito-
early Cow Springs time.

The Beclabito Member of the Wanakah (the Sum-
merville Formation of previous reports) conformably
overlies the Todilto and consists of 125-200 ft (38-61 m)
of interbedded reddish-orange to reddish-brown, fine-
grained, well-sorted sandstone, siltstone, sandy siltstone,
and mudstone. Sedimentary structures consist of ripple
cross-stratification, small-scale trough crossbeds, and
wavy, subparallel, horizontal laminations. In most of the
outcrops examined in Arizona and New Mexico, the
Beclabito includes a thick-bedded to massive, dominantly
structureless sandstone unit at its base, immediately
overlying the Todilto Limestone Member. This sand-
stone, which is about 35 ft (10.6 m) thick at the type sec-
tion (figs. A4E, A7), occupies the same stratigraphic
position as the Bilk Creek Sandstone Member in Col-
orado, although exact equivalence of the units has not
been established. The carnelian sandstone marker bed,





















Chapter B

Stratigraphy and Nomenclature of
Middle and Upper Jurassic Rocks,
Western Colorado Plateau,

Utah and Arizona

By FRED PETERSON

A revision of units in the
San Rafael Group and the
Morrison Formation

U.S. GEOLOGICAL SURVEY BULLETIN 1633-B

REVISIONS TO STRATIGRAPHIC NOMENCLATURE OF JURASSIC AND CRETACEOUS ROCKS
OF THE COLORADO PLATEAU



CONTENTS

Abstract 17
Introduction 17
Acknowledgments 20
Methods 20
Middle part of the San Rafael Group 20
Entrada Sandstone 20
Informal members 21
Cow Springs Member 27
Upper part of the San Rafael Group 29
Curtis Formation 29
Summerville Formation 30
Chocolate member 30
Brick-red member 30
Romana Sandstone 32
Morrison Formation 33
Tidwell Member 35
Salt Wash Member 42
Fiftymile Member 42
Brushy Basin Member 45
Name and location of measured sections 46
Measured sections 48
Section 1, principal reference section, Entrada Sandstone 48
Section 2, type section, Romana Sandstone 52
Section 3, type section, Tidwell Member 52
Section 4, type section, Fiftymile Member 53
References cited 54

14 Contents



FIGURES

B 1.

B10.

B11.
B12.

B13.
B14.
B15.
B16.

B17.
B18.

B19.
B20.
B21.
B22.
B23.
B24.

B25.

B26.

Index maps showing locations of measured sections, lines of stratigraphic
sections, and other features in southeastern Utah and northeastern
Arizona 18

. Chart showing stratigraphic nomenclature of Jurassic and Cretaceous

rocks on west side of Colorado Plateau 19

. Columnar section for reference section of the Entrada Sandstone at Pine

Creek 21

. Photograph of Pine Creek reference section of the Entrada Sandstone 22
. Stratigraphic section A-4’ from Mount Carmel Junction, Utah, to

Kaiparowits basin 23

. Photograph showing bleaching at top of middle member of Entrada Sand-

stone beneath J-3 unconformity 24

. Stratigraphic section B-B' along south side of Kaiparowits basin 25
. Stratigraphic section C-C' from Cow Springs, Ariz., to the Straight

Cliffs 26

. Photograph of middle and upper members of Entrada Sandstone near

Henrieville in western Kaiparowits basin 26

Stratigraphic section D-D’ along north, east, and south sides of Black
Mesa, Ariz. 28

Stratigraphic section E-E’ along Waterpocket Fold 30

Photographs showing truncation of beds beneath the J-3 and J-5 uncon-
formities 31

Stratigraphic section F-F' from Henry basin to Kaiparowits basin 32
Photographs showing outcrops of Romana Sandstone 34

Columnar section of the type section of the Romana Sandstone 35
Photograph of coarse and very coarse grains at base of Romana
Sandstone 36

Schematic section showing facies relationships in San Rafael Group 36
Diagram showing relationships of members in the Morrison For-
mation 37

Photograph of type section of the Tidwell Member of the Morrison 37
Columnar section of type section of the Tidwell Member 38
Stratigraphic section G-G’ from Escalante to Duma Point, Utah 39
Photograph of Tidwell Member in South Desert 40

Photograph of basal bed of Tidwell Member along Waterpocket Fold 41
Photograph of Morrison Formation in southeastern Kaiparowits basin,
showing Fiftymile Member 43

Columnar section of type section of Fiftymile Member of the

Morrison 44

Photograph of type section of Fiftymile Member 45

Middle and Upper Jurassic Rocks, Utah and Arizona

15






REVISIONS TO STRATIGRAPHIC NOMENCLATURE OF JURASSIC AND CRETACEOUS ROCKS

OF THE COLORADO PLATEAU

Stratigraphy and Nomenclature of Middle and
Upper Jurassic Rocks, Western
Colorado Plateau, Utah and Arizona

By Fred Peterson

Abstract

Recent studies on the west side of the Colorado Plateau
revealed certain key problems in the existing stratigraphic con-
cepts and terminology for the upper part of the San Rafael
Group and the Morrison Formation:

1. An eolian sandstone unit at Black Mesa, Ariz., that
was formerly known as the Cow Springs Sandstone
does not interfinger with the Summerville and Mor-
rison Formations, as had been supposed.

2. Marginal marine and eolian strata in the Kaiparowits
basin, previously included in the Entrada Sandstone
or the Morrison Formation, are separated from both
of these formations by unconformities, are a sand-
stone facies of the Summerville Formation, and are
sufficiently distinct to merit formation status.

3. A predominantly mudstone unit at the base of the
Morrison, variously assigned to either the Salt Wash
Member or the underlying Summerville Formation,
is separated from the Summerville by an unconform-
ity, interfingers with the Salt Wash, and is litholog-
ically distinct from the Salt Wash.

4. Athick sequence of interbedded mudstone and sand-
stone in the Kaiparowits basir of southern Utah, in-
cluded by some workers in the upper part of the Salt
Wash Member, correlates largely with the Brushy
Basin Member but is readily distinguished from both
the Brushy Basin and the Salt Wash.

To rectify these problems, the following revisions in
Jurassic stratigraphic nomenclature on the west side of the Col-
orado Plateau are here made:

1. The unit formerly known as the Cow Springs Sand-
stone is reduced in rank to the Cow Springs Member
of the Entrada Sandstone of the San Rafael Group.

2. The southern facies of the Summerville Formation in
the Kaiparowits basin is named the Romana Sand-
stone of the San Rafael Group.

3. The predominantly mudstone unit at the base of the
Morrison Formation is named the Tidwell Member
of the Morrison Formation.

4. The southern facies of the Brushy Basin Member in

the southeastern Kaiparowits basin is named the Fifty-
mile Member of the Morrison Formation.
These revisions clarify stratigraphic relationships in the
Jurassic System of the Colorado Plateau and facilitate regional
sedimentologic and paleotectonic syntheses.

INTRODUCTION

Although considerable effort has been devoted to
unraveling the stratigraphic and sedimentologic frame-
work of Middle and Upper Jurassic strata on the Colo-
rado Plateau, the rocks remain, as Oriel and Craig (1960,
p- 43) pointed out more than 25 years ago, ‘‘the stormy
center of prolonged geologic controversy.”” Many of the
older problems concerning the stratigraphic relationships
of these rocks have been studied and, to varying degrees,
resolved, but a review of the accomplishments of the past
40 years shows that almost every resolution of a specific
stratigraphic problem has led to another controversy.

This report revises the stratigraphic framework for
these rocks based on an understanding of their relation-
ships that has evolved during the course of field work
during the past 20 years. The studies clearly demonstrate
that the previous nomenclature is not only inadequate but
confusing and, hence, the need for the revisions. This
study chiefly considers two stratigraphic problems in the
region: (1) the lateral relationships of the various litho-
logic units and (2) the nature of certain surfaces that are
thought to be unconformities.

The stratigraphic nomenclature varies from region
to region in the area of study on the west side of the Col-
orado Plateau (fig. B1). The new nomenclature and the
approximate time-stratigraphic relationships of the
various Middie and Upper Jurassic rocks are depicted
schematically in figure B2.

The San Rafael Group is considered Middie
Jurassic in age and the Morrison Formation is considered

Middle and Upper Jurassic Rocks, Utah and Arizona 17
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Late Jurassic in age, according to a fairly recent evalua-
tion by Imiay (1980). Throughout the region of study,
the San Rafael is underiain by the Gien Canyon Group
of Late Triassic to Early Jurassic age. The Morrison is
unconformably overlain by either the Lower Cretaceous
Cedar Mountain Formation or, where the Cedar Moun-
tain is missing, the lowermost Upper Cretaceous Dakota
Sandstone or Formation (Peterson and Kirk, 1977). Prior
to deposition of the Dakota, the southwestern part of the
Colorado Plateau was elevated, allowing the Dakota to
truncate progressively lower formations southwestward.

This report only discusses strata in the middie and
upper parts of the San Rafael Group and the Morrison
Formation in the western part of the Colorado Plateau
(fig. B1). Stratigraphic relationships of older strata in the
San Rafael Group, including the Temple Cap, Page, and
Carmel Formations, were described in an earlier report
(Peterson and Pipiringos, 1979).

Middie and Upper Jurassic strata on the Colorado
Plateau contain several marker surfaces of broad regional
extent that help to separate the sedimentary sequence in-
to smaller subdivisions of related formations or members.
Conflicting opinions concerning the conformable or un-
conformable nature of these surfaces may be the result
of differences in the surfaces at different localities. Recent
studies by Condon and Kirk (1983), Kirk and Condon
(1986), Peterson (1980b, 1984, 1986), and Santos and
Turner-Peterson (1986) indicate that many of the basins
and uplifts on the Colorado Plateau were tectonically ac-
tive during the Jurassic, allowing the possibility that more
or less continuous deposition in the deeper parts of some
of the basins may have coincided with nondeposition or
even erosion on flanking uplifts. Consequently, a surface
that is unconformable in one area may be conformable
in another area. Furthermore, an unconformity may be
planar and separate beds that are parailel to that surface
(a paraconformity in the terminology of Dunbar and
Rodgers, 1957), making it difficuit to determine from
physical relationships whether any particular surface is
indeed an unconformity. Locally, angular relationships
are so slight that the beds appear to be parailel and con-
formable; in many such cases, angular beveling is only
apparent when the broad regional relationships are con-
sidered. The lack of age-diagnostic fossils and conflict-
ing resuits from isotopic dating also preciude accurate
dating of these rocks, which would aid immeasurably in
identifying any given surface as an unconformity.
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METHODS

About 150 or more sections were measured during
this investigation. Sections were measured with Brunton
compass and tape or with a 5-foot Jacob’s staff where
the beds dip more than approximately 5 degrees. All of
the stratigraphic units proposed in this report, whether
formations or members, are considered mappable entities,
and some have already been mapped as informal strati-
graphic units in the southeastern Kaiparowits region
(Peterson, 1975, 1980a).

Crossbedding was measured by the methods of
Reiche (1938) and Curray (1956), and vector resultants
and consistency factors (vector mean strength) were
calculated using a smail programmable pocket calculator
with programs prepared by M. B. Sawyer (U.S. Bureau
of Mines) or the author. Where possible, 25 or more
measurements were made at each locality. However, in
some places, lack of outcrops or difficult access made
it impossible to obtain 25 measurements and a smaller
number (not less than 15) had to suffice. The vector
resultants obtained from these studies aid in distinguish-
ing some of the crossbedded eolian sandstone units. The
consistency factor (Reiche, 1938; mulitiplied by 100 to
eliminate decimals and read as percent) is a measure of
vector strength and aids in evaluating the amount of
variation between the individual crossbedding measure-
ments that make up the resuitant. Consistency factors
near 100 percent (the maximum) indicate a tendency
toward unidirectional-dipping cross-strata; low values
reflect a tendency for the individual measurements to dip
in many directions. In most cases, consistency factors less
than about 20 percent are considered random and there-
fore meaningless.

MIDDLE PART OF THE SAN RAFAEL GROUP

The middle part of the San Rafael Group includes
the Entrada Sandstone and correlative rocks formerly
known as the Cow Springs and Henrieville Sandstones.
Regional studies by Imlay (1980) indicate that the Entrada
is Middle Jurassic (early to middie Callovian) in age.

Entrada Sandstone

The Entrade Sandstone was named by Gilluly
and Reeside (1928) for strata at Entrada Point in the

















































































Section
No.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Name

Carly Knoll

Lick Wash
Little Bull Valley
Kodachrome Flat
Henrieville
“Upper Valley #1
unit”’
Black Hills
Point 7037

Point 6077

Tenmile Spring

Slickrock Water
Collet Canyon

Point 5802

Point 5740

Point 5549

Point 5603
Point 5523
Point 5437
Big Hollow Spring

“Sand Valley”’

Blue Pool Wash

‘““Twin Red Buttes’’

Wahweap Creek

Castle Rock

Romana Mesa

Location

W2 sec. 30, SW ¥4 sec 31, T. 40
S.,R.4W.; SEV4a sec 21, T.
40S., R. 42 W., Kane Coun-
ty, Utah

SEV sec. 36, T.39S.,,R. 4 W,
Kane County, Utah

Sec. 19, T. 38S., R. 3W., Kane
County, Utah

EY2 sec. 3, T.38S., R. 2 W,
Kane County, Utah

NWY sec. 23, T. 37 S., R. 2
W., Garfield County, Utah

NW Vi sec. 12, T.36S.,,R. 1 E.,
Garfield County, Utah

SEVs sec. 13, T.34S.,R. 2E.,
Garfield County, Utah

SEV4 sec. 19, T.35S.,R.3E.,
Garfield County, Utah

NWY sec. 27, T. 36 S.,,R. 3E.,
Garfield, County, Utah

SEV4 sec. 17, W2 sec. 20, T. 36
S., R. 4 E., Garfield County,
Utah

SW sec. 14, T.37S.,R. 4E.,
Garfield County, Utah

EY: sec. 35, T. 37S., R. 4 E.,
Garfield County, Utah

W2 sec. 5, SEV4 sec. 6, T. 38
S., R. 5 E., Kane County,
Utah

SW4sec. 10, T.38S.,R.5E.,
Kane County, Utah

SEY4 sec. 23, SWl4 sec. 24, T.
38 S., R. S E., Kane County,
Utah

SEV: sec. 24, T. 38S.,R. 5SE.,
Kane County, Utah

NWi sec. 30, T. 38S.,R. 6 E.,
Kane County, Utah

SWVisec.29, T.38S.,R.6E.,
Kane County, Utah

SEY sec. 11, sec. 12, T. 39 S.,
R. 6 E., Kane County, Utah

SE Vi sec. 33, SY2 sec. 34, T. 42
N., R. 7E., Coconino Coun-
ty, Ariz.

C-S¥ sec. 30, T.43S.,R.3E.,
Kane County, Utah

NE Y sec. 22, T.43S.,,R.3E.,
Kane County, Utah

W5 sec. 29, EV2 sec. 32, T 43
S.,R.4E.;E¥%2sec. 5, T. 44
S., R. 4 E., Kane County,
Utah

NEV sec. 3, T.44S.,R. 4E.,
Kane County, Utah

NE% sec. 21, T.43S.,R.5SE.,
Kane County, Utah

Section
No.

34.

35.

36.

37.

38.

39.

40.

4]1.

42.

43,

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

61.

Name

Cummings Mesa W

Cummings Mesa N
Cummings Mesa E
Navajo Point
Rock Creek N
Rock Creek E
Little Valley

Canyon
Kane Wash

Cummings Mesa
Sw

Tsai Skizzie Rock

White Mesa NE

White Mesa E

Klethla Valley 361

Klethla Valley 362

Klethla Valley 364

Black Mesa Road

Long House Valley

Tsegi

Kayenta

Rough Rock

Lohali Point

Balakai (Salahkai)
Mesa

Steamboat East
Star Mountain
Jones Bench
Hartnet Draw NW
Hartnet Draw

The Notch

Location

SWYi sec. 8, T.43S.,R. 7E.,
San Juan County, Utah
37°03'30"N., 111°07'00" W.,
San Juan County, Utah
37°05'30" N., 111°01'30" W.,
San Juan County, Utah
Secs. 24,25, T.42S.,R. 8 E.,
Kane County, Utah
SWY sec. 5, T.41S.,R. 7E.,
Kane County, Utah
37°13'30"N., 111°09'00" W,
Kane County, Utah
37°14’00"N., 111°16'30" W.,
Kane County, Utah
SEY sec. 1, T.43S.,R. SE.;
NW; sec. 7, T. 43 S.,, R. 6
E., Kane County, Utah
36°59'30"N., 111°05'30" W.,
Coconino County, Ariz.
36°48'30" N., 111°06'10" W.,
Coconino County, Ariz.
36°35'00"N., 110°56' 00" W.,
Coconino County, Ariz.
36°33°00"N., 110°56'30" W _,
Coconino County, Ariz.
36°26'40"N., 110°40'40" W .,
Navajo County, Ariz.
36°27'22"N., 110°40'10" W.,
Navajo County, Ariz.
36°27°50"N., 110°39' 15" W.,
Navajo County, Ariz.
36°33°20"N., 110°30'00" W.,
Navajo County, Ariz.
36°34'40" N., 110°28'17"W.,
Navajo County, Ariz.
36°37'30"N., 110°27'07"W.,
Navajo County, Ariz.
36°39'37"N., 110°14'45" W .,
Navajo County, Ariz.
36°26'45"N., 109°52'05" W.,
Apache County, Ariz.
36°08'40"N., 109°48'35" W.,
Apache County, Ariz.
36°56" 10" N., 109°51'15"W.,
Navajo County, Ariz.

35°46'05" N., 109°46'20" W.,
Navajo County, Ariz.

SWY sec. 27, T. 26 N., R. 19
E., Navajo County, Ariz.
NWY; sec. 21, T.26S.,R.5E.,

Sevier County, Utah
NEVi sec 14, T.27S.,R.5E.,
Wayne County, Utah
C-EVsec. 26, T.27S.,R.6E.,
Wayne County, Utah
C-W'2sec28,T.28S.,R.7E.,
Wayne County, Utah
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Section
No.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

Name
Fremont River
Tergeson Flats
Sandy Creek 1
Sandy Creek 2
Dogwater Creek
Sandy Creek

Benches
Spring Canyon
Bitter Creek Divide
The Post
Muley Twist
Deer Point
“Red Slide”’
“Wingate Bridge”
Hall Divide
Long Canyon
“Pine”’

Baker Ranch
Escalante
Escalante Rim
Point 5948
Point 6069
Sooner Slide
Bullfrog Creek
‘‘Shootaring

Canyon”’

Star Spring Road
Woodruff Hole
Trachyte Ranch

Little Egypt

Goatwater Spring

Location

SEV sec. 14, T.29S.,R. 7E.,
Wayne County, Utah
SEV: sec. 27, T.30S.,R. 8 E.,
Wayne County, Utah
NWY sec. 5, T.31S.,R. 8E.,
Garfield County, Utah
NEVisec. 17, T.31S.,R. 8E.,
Garfield County, Utah
NEVa sec. 29, T.31S.,,R. 8E.,
Garfield County, Utah
NWY sec. 4, T.32S.,R.8E.,
Garfield County, Utah
NEY sec. 8, T. 32S.,R. 8 E.,
Garfield County, Utah
SWYisec. 17, T.33S.,R. 8E.,
Garfield County, Utah
NEY sec. 25, T. 34S.,R. 8E.,
Garfield County, Utah
NWi sec. 18, T.35S.,R.9E,,
Garfield County, Utah
NWisec.29,T.35S.,R.9E.,
Garfield County, Utah
C-WV¥ sec. 33, T.35S.,R. 9
E., Garfield County, Utah
NWY sec. 4, T.36S.,R.9E.,
Garfield County, Utah
C-sec. 27, T. 36 S., R. 9 E,,
Garfield County, Utah
NWY: sec. 30, T. 36 S., R. 10
E., Garfield County, Utah
NEV: sec. 3, T.37S.,R. 10E,,
Garfield County, Utah
SEVs sec. 5, T.38S.,R. 10E.,
Kane County, Utah
SWV sec. 7, T.35S.,R. 3E,,
Garfield County, Utah
SWYi sec.4, T.36S.,R. 3E.,
Garfield County, Utah
NEY sec. 9, T.37S.,R. 4E.,
Garfield County, Utah
SWVisec.24, T.40S.,R.7E.,
Kane County, Utah
Sec. 32, T.40S., R. 8 E., Kane
County, Utah
SEVs sec. 34, T.36S.,R. 10E.,
Garfield County, Utah
SEY4 sec. 16, T.35S.,R. 11 E.,
Garfield County, Utah
NWVs sec. 31, T. 34 S., R. 12
E., Garfield County, Utah
NEV sec. 8, T.34S.,R. 12E.,
Garfield County, Utah
NEY sec. 6, T.33S.,R. 12E.,
Garfield County, Utah
NWY sec. 30, T. 31 S., R. 12
E., Garfield County, Utah
SWa sec. 36, T.30S.,R. 11 E.,
Wayne County, Utah
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Section
No.

91.

92.

93.

Little Flat Top

Hatt Ranch

Little Grand fault

Name Location

Emery County, Utah

NW Y sec. 26, SEV4 sec.

SWs sec. 15, T.26S.,R. 13E.,

27, T.

228S.,R. 14 E., Emery Coun-

ty, Utah
C-sec. 29, T. 21 S., R.
Emery County, Utah

MEASURED SECTIONS

16 E.,

[The locations of the measured sections are shown on figure B1]

Section 1.—Principal reference section of the
Entrada Sandstone

[Measured about 5 km north of Escalante, Utah, just west of Pine Creek,
in the SWY SWY sec. 29, SEY sec. 30, T. 34 S., R. 3 E., Garfield
County, Utah. Shown as section 1 on figs. Bl and BS5]

Thickness

Morrison Formation (part):

Tidwell Member (part):

75.

74.

Sandstone, dark-reddish-brown, very fine-
grained; bedding indistinct; forms slope .

Sandstone, yellow to light gray, fine-grained,
bedding indistinct but appears to be very
thin-bedded to low-angle crossbedded; slight
ledge

Total measured Tidwell Member of Morrison

J-5 unconformity.

Entrada Sandstone:

Upper member:

73.

Sandstone, light-gray, light-reddish-brown-
weathering, very fine- to fine-grained; basal
2.1 m is irregularly very thin bedded, re-
mainder is crossbedded with some sets as
much as 6.1 m thick; medium and coarse
grains locally concentrated along some of the
bedding planes; about 8.2 m above base is
0.3-m-thick reddish-brown band, and about
12.2 m above base is another reddish-brown
band about 1.5 m thick; forms cliffs and
ledges

Total upper member

(meters)

0.3

1.2



Entrada Sandstone—Continued

Middle member:

72.

71.

70.

69.

68.

67.

66.

65.

63.

62.

61.

Sandstone, light-reddish-brown to pinkish-
brown, fine- to medium-grained, irregular-
ly very thin-bedded; forms slight ledge ..

Sandstone, light-grayish-green, very fine- to
fine-grained, very thin- to thin-bedded; alter-
nates with light-green, laminated to very
thin-bedded mudstone; top 2.5 ¢cm is pinkish-
brown sandstone; forms notch .........

Sandstone, light-gray, very fine- to fine-
grained; some low-angle crossbedding ap-
parent; forms slight ledge .............

Sandstone, light-gray to light-grayish-green,
very fine- to fine-grained, very thin- to thin-
bedded; basal 0.2 m is sandstone alternating
with light-green mudstone; forms notch .

Sandstone, pink, light-grayish-green-
weathering, very fine- to fine-grained,
laminated; forms slight ridge ...........

Sandstone, light-grayish-green, very fine- to
fine-grained, very thin- to thin-bedded; alter-
nates with light-green, laminated to very
thin-bedded mudstone; forms notch ....

Sandstone, yellowish-brown, very fine- to
fine-grained, laminated; 0.9 m above base is
2.5 cm of light-green mudstone; 3.0 m above
base is 2.5 c¢cm of light-green mudstone;
forms slight ridge .....................

Sandstone, light grayish-green, very fine- to
fine-grained, very thin- to thin-bedded; in-
cludes some light-green mudstone; forms
slope ... i

Sandstone, yellowish-brown, very fine- to
fine-grained, laminated; forms slight ridge

Sandstone, light-grayish-green, very fine- to
fine-grained, very thin- to thin-bedded; in
thin beds alternates with light-green,
laminated to very thin-bedded mudstone;
forms notch .........................
Sandstone, light-grayish-green, very fine- to
fine-grained, laminated to very low-angle
crossbedded; forms slight ridge .........

Sandstone, light-grayish-green, very fine- to
fine-grained, very thin- to thin-bedded; alter-
nates with light-green, laminated to very
thin-bedded mudstone; forms slight notch

Thickness
(meters)

24

0.6

0.9

1.8

0.6

0.3

5.5

0.5

6.9

1.5

0.6

0.9

59.

58.

57.

56.

55.

54.

53.

52.

51.

50.

49.

48.

47.

Sandstone, light-grayish-green, very fine- to
fine-grained; some low-angle crossbedding
apparent; 0.3 m above base is S-cm zone of
light-green mudstone; contains yellowish-
orange-brown nodules of pyrite(?) sur-
rounded by limonitic material in a zone
about 0.6-0.9 m above base of unit; 3.4 m
above base is 5-cm-thick light-green ben-
tonitic mudstone bed; 6.1 m above base is
1.0-m-thick yellowish-brown zone; 7.0 m
above base is zone 0.3 m thick of light-green
mudstone alternating with light-grayish-
green sandstone; top of unit holds up slight
HAZE .o e

Sandstone, silty, reddish-brown (mottled
very light gray), very fine- to fine-grained,
irregularly very thin-bedded; includes some
low-angle crossbedding; contains about
20-40 percent dark reddish-brown, lami-
nated mudstone; forms slope ..........

Sandstone, light-gray, very fine- to fine-
grained; indistinct bedding; 2.1 m above base
a reddish-brown sandstone bed makes a
0.5-m ledge; forms slope ..............

Sandstone, silty; same as unit 59 .......
Sandstone; same as unit 58 ............
Sandstone, silty; same as unit 59 .......
Sandstone, light-gray (mottled with some
reddish brown), very fine- to fine-grained,
irregularly laminated to very thin-bedded;
1.5 m above base is 1.5-m-thick zone that is
light reddish pink to reddish brown at the
top; 4.9 m above base is 0.3 m of light-green
mudstone, overlain by 0.5 m of dark-
reddish-brown mudstone, 0.6 m of pink

sandstone, and 1.2 m of light-gray sand-
stone; forms ridge ....................

Sandstone, silty; same as unit 59 .......
Sandstone; same as unit S8 ............
Sandstone, silty; same as unit 59 .......
Sandstone; same as unit 58 ............
Sandstone, silty; same as unit 59 .......
Sandstone; same as unit 58 ............
Sandstone, silty; bedding indistinct; 1.5 m

above base is 0.6 m of white sandstone;
otherwise same as unit 59 .............

Thickness
(meters)

10.1

0.2

3.7

0.3

0.3

0.6

7.5

0.5

0.6

0.5

1.8

1.2

1.2

6.1
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Entrada Sandstone—Continued

50

Middle member—Continued

46.

45,

44,

43.

42.

41.

40.

39.

38.

37.

36.

35.

34.

33.

32.

Sandstone; same as unit 58

Sandstone, silty; same as unit 59

Sandstone; same as unit 58 ............
Sandstone, silty, reddish-brown and some
light-gray, very fine- to fine-grained, irregu-
larly very thin-bedded and some low-angle
crossbedded; contains some dark-reddish-
brown mudstone; 7.5 cm of dark-reddish-
brown and light-green mudstone at the base;
forms slope ..........................
Sandstone; same as unit 58; 1.2 m above base
is 0.3 m of reddish-brown sandstone and
dark-reddish-brown to light-green mudstone;
forms ridge

Sandstone, silty; same as unit 59

Sandstone; same as unit 58 ............
Sandstone, silty; bedding indistinct; other-
wise same as unit 59

Sandstone; same as unit 58

Sandstone, silty; same as unit 59 .......
Sandstone; bedding indistinct; otherwise
same as unit 59 ........... .00
Sandstone, silty; 0.6 m above base is 7.5-cm-
thick bed of dark-reddish-brown mudstone;
1.2 m above base is 0.3-m-thick bed of dark-
reddish-brown to purple mudstone; other-
wise same as unit 59

Sandstone; same as basal part of unit 58

Sandstone, silty; 4.6 m above base is 0.3 m
of dark-reddish-brown mudstone; 8.5 m
above base is 0.6 m of white, irregularly thin-
bedded sandstone; top 0.6 m is interbedded
grayish-green mudstone and sandstone;
otherwise same as unit 59 .............
Sandstone; same as unit 58 but tends to form
ledge; unit is highest of the ledge-forming
light-gray sandstone beds in the middle
member

Jurassic and Cretaceous of Colorado Plateau

Thickness
(meters)

1.8

2.7

1.5

3.0

3.4

0.9

1.8

2.1

1.5

1.5

1.5

4.3

0.6

13.7

31.

30.

29.

28.

27.

26.

25.

24.

23.

22.

21.

Sandstone, silty; basal 0.9 m is a partly
covered slope; same as unit 59 .........
Sandstone, light-gray; top 1.2 m is partly
covered slope; forms ridge

Sandstone, silty; top 0.4 m consists of 0.2
m of light-gray sandstone overlain by 0.2 m
of grayish-green mudstone; otherwise same
as unit 59

Covered slope; probably same as unit 59
Sandstone; same as unit 58 but forms ridge

Sandstone, silty; same as unit 59 .......
Sandstone; top 0.6 m contains low-angle
crossbedding; otherwise same as unit 58;
forms ridge .......ccovviiiiiiiiin.
Sandstone, silty, reddish-brown, very fine-
to fine-grained, very thin- to thin-bedded;
basal meter includes three beds of white
sandstone each 0.2 m thick; forms slope

Sandstone; 0.3 m below top is a 0.2-m-thick
dark-reddish-brown mudstone bed; other-
wise same as unit 58 ..................
Sandstone, silty, reddish-brown (with minor
white mottles), very fine- to fine-grained, ir-
regularly very thin bedded; some low-angle
crossbedding; contains about 20-40 percent
dark-reddish-brown mudstone; forms slope

Sandstone, light gray (mottled with some
reddish-brown), very fine- to fine-grained,
irregularly laminated to very thin-bedded;
some low-angle crossbedding; top has closely
spaced ripples with crests about 2 cm apart;
forms ridge

Total middle member

Lower member:

20.

Sandstone, orange-brown, very fine- to fine-
grained, laminated to very low-angle
crossbedded; 1.2 m above base are ripple
cross-laminae; 10.7 m above base is 1-cm-
thick dark-reddish-brown mudstone bed;
15.5 m above base is some dark-reddish-
brown mudstone interbedded with approx-
imately equal proportions of reddish-brown
sandstone; forms ridges and swales

Thickness
(meters)

5.8

3.4

1.1

1.1

1.4

1.4

2.1

4.7

1.5

5.2



Entrada Sandstone—Continued

Lower member—Continued

19.

18.

17.

16.

15.

14.

13.

12.

11.

10.

Sandstone, reddish-brown to orange-brown,
very fine-grained, includes several dark-
reddish-brown sandstone beds about 0.3 m
thick; bedding obscure; forms slope ....

Sandstone, reddish-brown, very fine-
grained, and dark reddish-brown mudstone;
both very thin-bedded; 2.5-cm-thick pink
limey siltstone or silty limestone in middle;
forms slope

Sandstone, orange-brown; same as unit 19;
0.6 m above base is 0.3-m-thick bed of dark-
reddish-brown, very fine-grained sandstone;
contains some thin sets of crossbeds; forms
slope ...
Sandstone, dark-reddish-brown, very fine-
grained, and mudstone, dark-reddish-brown;
very thin-bedded; includes about 5 percent
white sandstone; forms slope ..........
Sandstone, reddish-brown to orange-brown,
very fine-grained; locally altered to very light
gray; 1.5 m above base is 0.2 m of very fine-
grained sandstone; forms slope .........
Sandstone, dark-reddish-brown, very fine-
grained, and dark-reddish-brown mudstone;
both very thin-bedded; top has 0.3-m-thick
interval that is largely pink platey limestone
or possibly highly calcareous siltstone; forms
slope ..
Sandstone; same as unit 19 but laminated to
very thin bedded in part; forms slope ..

Sandstone, dark-reddish-brown, very fine-
grained, and dark-reddish-brown mudstone;
both very thin-bedded; about 5 percent is
mottled white; forms slope ............
Sandstone; 2.7 m above base is 7.5-cm-thick
bed of dark-reddish-brown mudstone; other-
wise same as unit 19; forms slope ......
Sandstone, dark-reddish-brown, very fine-
grained; interbedded with about 20 percent
dark-reddish-brown mudstone; very thin
bedded; appears as a conspicuous dark band;
forms slope

Thickness
(meters)

2.3

0.6

7.8

1.5

9.8

1.1

6.1

0.6

6.4

0.5

Sandstone, reddish-brown to orange-brown,
very fine-grained; bedding difficult to iden-
tify but appears very thin to thin and includes
some thin sets of crossbeds; forms slope

Mudstone, dark-reddish-brown to purple,
very thin-bedded; grades upward into silty
sandstone containing biotite grains, sand-
stone locally altered to very light gray; forms
slope ...
Sandstone, reddish-brown to orange-brown,
very fine-grained; contains several dark-
reddish-brown sandstone beds about 0.3 m
thick; largely covered with red soil; 3.4 m
below top is 5.0-cm-thick bed of dark-
reddish-brown, silty mudstone overlain by
about 25-cm-thick dark-reddish-brown sand-
stone bed; basal contact essentially a planar
surface; best exposed in stream cuts of Pine
Creek; forms slope

Total lower member

Total Entrada Sandstone

Carmel Formation (part):

Upper member (part):

6.

Mudstone, reddish-brown, purple weather-
ing, laminated to very thin-bedded; forms
slope. Used as the contact marker bed in the
vicinity of Escalante, Utah, where the lower
member of the Entrada is reddish-brown silty
sandstone similar to that in the underlying
upper part of the Carmel

Sandstone, reddish-brown, very fine-
grained; bedding indistinct; forms slight
ledge

Mudstone, reddish-brown; forms notch .

Sandstone, reddish-brown, very fine-
grained, irregularly very thin-bedded and rip-
ple cross-laminated; forms slight ledge .

Sandstone, silty, reddish-brown, very fine-
grained; bedding indistinct; forms notch

Gypsum, gray, wavy-bedded; stratigraphical-
ly highest gypsum bed in the Carmel; forms
ledge ....ooovini
Total measured upper member of Carmel

Formation

Thickness
(meters)

12.8

0.3

0.3

1.8

0.5

0.3

0.6
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Section 2.—Type section of the Romana Sandstone

[Measured on northeast side of Crosby Canyon, a side canyon to Warm
Creek canyon. Section measured in the SEY4 NEY SEY% sec. 8., T.
43, S., R. 4 E., Kane County, Utah. Shown as section 2 on figs. Bl

and B8.]

Thickness
(meters)

Morrison Formation (part):

Salt Wash Member (part):

14.

Total measured Salt Wash Member (incomplete)

Sandstone, grayish-brown; weathers dark-
yellowish-brown; fine grained but contains
scattered conglomerate lenses and stringers;
contact locally has about 0.3-0.6 m of relief.
Thickness estimated ...................

4.6

J-5 unconformity.

Romana Sandstone:

52

13.

12.

11.

10.

Sandstone, light-greenish-gray, fine-grained,
moderately sorted, crossbedded; contains
scattered coarse to very coarse grains; forms
cliff ...

Mudstone, dark-reddish-brown and minor
grayish-yellow-green; sandstone-filled desic-
cation cracks near top; forms notch ....

Sandstone, light-greenish-gray, fine-grained,
moderately sorted, crossbedded; contains
scattered coarse and very coarse grains;

forms cliff 15.2

Sandstone, light-greenish-gray, fine-grained,
moderately sorted to well-sorted, cross-
bedded; includes scattered mud chips near
base; forms cliff ...................... 4.9
Sandstone, light-greenish-gray, fine-grained,
moderately sorted, crossbedded to very thin-
bedded; scattered coarse and very coarse
grains in middle; top includes 2.5-cm-thick
grayish-green mudstone bed containing
sandstone-filled desiccation cracks; forms
cliff ... 4.6
Sandstone, light-grayish-green, fine-grained,
moderately sorted; scattered coarse to very
coarse grains; some crossbeds; contains scat-
tered mud chips; unit fills a channel,
thickness measured in deepest part of chan-

nel; forms notch 1.8

Sandstone, light-grayish-green, fine-grained,
well-sorted, crossbedded; scattered coarse

grains; forms cliff 7.3

Jurassic and Cretaceous of Colorado Plateau

Thickness

(meters)

Sandstone, light-grayish-green to light-olive-

green, very fine-grained, moderately sorted,

very thin-bedded; forms cliff ........... 1.5

Sandstone, silty, reddish-brown to light-

grayish-green, very fine-grained, moderate-

ly sorted, very thin-bedded; basal 2.5 c¢m is

a purple bentonite bed; forms ledge .... 0.3
Sandstone, very light-gray, very fine-grained,
moderately sorted, very thin- to thin-bedded;

forms cliff 4.9

Sandstone, reddish-brown (locally mottled to
light-greenish-gray), very fine-grained,
moderately to poorly sorted, very thin- to
thin-bedded; includes some dark-reddish-
brown silty mudstone; forms notch. Unit is
the red band or marker bed that is litholog-
ically related to the Summerville Formation

Sandstone, light-greenish-gray, white, and
light-yellowish-green (focally mottled to red-
dish brown near top), fine-grained,
moderately-sorted, very thin-bedded; scat-
tered very coarse grains; lower part forms
slightly overhanging ledge; basal contact is
a planar surface

Total thickness Romana Sandstone

J-3 unconformity.

Entrada Sandstone (part):

Middle member (part):

1.

Sandstone, white to very light-gray, very
fine-grained, crossbedded; forms cliff.
Thickness incomplete

Total measured Entrada Sandstone

Section 3.—Type section of the Tidwell Member
of Morrison Formation

[Measured on the east side of a small southward-draining canyon in
the NE¥ SEY4 SEY4 sec. 24, T. 22 S, R. 13 E., Emery County, Utah.
Shown as section 3 on figs. Bl and B21.]

Thickness
(meters)

Morrison Formation (part):

Salt Wash Member (part):

8.

Sandstone, light-gray, grayish-brown-
weathering, fine-grained, moderately sorted,
crossbedded; forms cliff ...............



Morrison Formation (part)—Continued

Salt Wash Member (part)—Continued

Total measured Salt Wash Member
(incomplete) ..............0iiiiiiiiinn.

Tidwell Member:

7.

Mudstone, grayish-green and dark-reddish-
brown, laminated to very thin-bedded; con-
tains several thin beds of light-gray, very
fine- to fine-grained, moderately sorted,
locally burrowed sandstone; scattered small
chert pebbles in a bed in middle of unit;
forms slope ...........ccciiiiiiiinnn.

Mudstone, grayish-green to grayish-yellow-
green (with a few thin grayish-purple to dark-
reddish-brown beds), laminated to very thin-
bedded; 4.9 m above base is a 1-m-thick lens
of sandstone that is very fine grained and rip-
ple cross-laminated; 7.3 m above base is
0.3-m-thick bed of gray mudstone contain-
ing black carbonaceous blebs; forms slope

Mudstone, grayish-green (with a few grayish-
purple beds), laminated to very thin-bedded;
contains several thin sandstone beds that are
light gray, very fine to fine grained, and
laminated to very thin bedded or small-scale
crossbedded; one sandstone bed 1.4 m above
the base contains scattered small chert peb-
bles; forms slope .....................

Mudstone, grayish-green, grayish-yellow-
green, and light-grayish-green; a few beds are
dark reddish brown; small blebs of red
authigenic chert at several horizons; thin bed
of gray, dense limestone found 2.7 m above
base; scarce scattered small chert pebbles in
some beds; forms slope ...............

Gypsum, white and minor very light-grayish-
green and light-grayish-pink, nodular; locally
contains small blebs and nodules of red or
yellow authigenic chert; includes about 20
percent grayish-green mudstone; one bed of
light-grayish-green mudstone 0.3 m thick and
0.3 m below top forms a notch; otherwise
the unit tends to form a cliff ..........

Mudstone, light-grayish-green and minor
dark-reddish-brown, laminated to very thin-
bedded; contains gypsum as veins, nodules,
and thin beds; thin lenses of gray, dense
limestone about 0.6 m above base; forms
slight ledge ..........................

Total thickness Tidwell Member .........

Thickness
(meters)

[ %)
S

6.4

9.0

3.4

5.3

Thickness
(meters)

J-5 unconformity.
Summerville Formation (part):
Chocolate member (part):

1. Mudstone, dark-reddish-brown, very thin- to
thin-bedded; contains several thin beds 0-15
cm thick of white gypsum; also includes
many thin gypsum veins; upper 0-15 cm
bleached to light grayish green; forms cliff;
thickness incomplete .................. _4.6

Total measured Summerville Formation .. 4.6

Section 4.—Type section of the Fiftymile Member
of the Morrison Formation

[Measured on the southeast side of a northeast-trending ridge in the
SWY; SEV sec. 11, NW ¥4 NE Y sec. 14, T. 41 S., R. 8 E., Kane Coun-
ty, Utah. Shown as section 4 on figs. Bl and B21.]

Thickness
(meters)
Dakota Formation (part):

11. Mudstone, black to dark-gray, carbona-
ceous, laminated to very thin-bedded; in-
cludes some light-gray sandstone; forms
slope. Basal contact is planar; regional rela-
tionships indicate it is an unconformity.
Thickness incomplete ................. _ 3.0

o

Total measured Dakota Formation ....... 3.

H

Morrison Formation (part):
Fiftymile Member:

10. Sandstone, light-gray, medium-grained,
moderately to poorly sorted, thin-bedded to
crossbedded, conglomeratic; forms cliff . 7.6

9. Conglomerate, grayish-brown, very thin- to
thin-bedded and crossbedded; pebbles in-
clude white, very light-gray, gray, black,
light-brown, orange, light-green, and dark-
red chert and some dark-red quartzite;
average pebble size about 4 mm; contains
scattered cobbles and small blocks of
sandstone as much as 20 cm long; also
contains several thin sandstone beds; forms
Cliff .. 7.8

8. Mudstone, dark-purple and light-green,
laminated to very thin bedded, and some red

siltstone; forms slope ................. 1.2
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Thickness
(meters)

Morrison Formation (part)—Continued
Fiftymile Member—Continued

7. Sandstone, light-gray, fine-grained, moder-
ately sorted, laminated and crossbedded;
contains scattered pebbles of white, light-
gray, light-brown, and gray chert; forms
ciff ..o 36.9

6. Mudstone, dark-reddish-brown, and several
thin beds of light-gray sandstone; partly
covered; forms slope .................. 5.6

5. Sandstone, light-gray, fine-grained, moder-
ately sorted, crossbedded, conglomeratic;
forms cliff ........... ... ... .. ..., 5.8

4. Mudstone, dark-reddish-brown; includes
several thin beds of light-gray sandstone;
partly covered slope .................. 15.4

3. Sandstone, light-gray, fine-grained, moder-
ately sorted, laminated; contains some cross-
beds; forms cliff ..................... 13.4

2. Mudstone, dark-reddish-brown; includes
several thin beds of light-gray sandstone;

partly covered slope .................. 13.4

Total thickness of Fiftymile Member .....

—_
(]
~
—

Salt Wash Member (part):

1. Sandstone, light-gray, fine-grained, moder-
ately to poorly sorted, crossbedded; contains
scattered pebbles and conglomerate lenses;
basal 4.6 m includes several thin dark-
reddish-brown mudstone lenses to the north
of the line of section; about 15.2 m above
base is a 1-m-thick lens of dark-reddish-
brown mudstone; 17.7 m above base is
another dark-reddish-brown mudstone bed
that wedges out to the north; about 24.4 m
above base is a 2- to 3-m-thick conglomerate
lens; forms large cliff ................. _40.5

Total measured Salt Wash Member
(incomplete) ............cciiiiiiiinn, 40.5
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REVISIONS TO STRATIGRAPHIC NOMENCLATURE OF JURASSIC AND CRETACEOUS ROCKS

OF THE COLORADO PLATEAU

The Encinal Canyon Member, a New Member of the
Upper Cretaceous Dakota Sandstone in the Southern

and Eastern San Juan Basin,

By William M. Aubrey

Abstract

A thin, discontinuous, fluvial conglomeratic sandstone
unit that occurs at the base of the Upper Cretaceous Dakota
Sandstone throughout most of the southern and eastern San
Juan Basin and contiguous areas in north-central New Mexico
is herein named the Encinal Canyon Member of the Dakota
Sandstone. The unit is characterized by conglomeratic beds
that contain abundant white, angular, chalky chert clasts, by
dark-gray shale and mudstone beds, and by locally abundant
carbonaceous debris. In the past, part or all of the sandstone
beds that are placed here in the Encinal Canyon have been
included in the Jackpile Sandstone Member of the Morrison
Formation, in the Lower Cretaceous Burro Canyon Formation,
or in the Upper Cretaceous Dakota Sandstone.

Recognition of the Encinal Canyon Member helps clarify
the nature of the sub-Dakota unconformity throughout the
region. In the past, this erosion surface was thought by many
workers to be at the base of the marine and paralic sedimen-
tary rocks of the Oak Canyon Member of the Dakota Sand-
stone, which overlies the Encinal Canyon Member. The
unconformity is shown here to be at the base of the fluvial rocks
of the Encinal Canyon Member.

Local relief of as much as 100 feet (30 m) at the base of
the Encinal Canyon indicates that the sub-Dakota erosion
surface formed during a time of regional degradation. Easterly
flowing streams carved this paleo-land surface, eroding the
underlying units and locally cutting completely through the
Burro Canyon Formation and the Jackpile Sandstone Member.
The Encinal Canyon was deposited in valleys as the base-level
rose, in response to the initial transgression of the Dakota sea.
As the sea inundated the area, waves and currents reworked
some of the Encinal Canyon and truncated the tops of high areas
of Lower Cretaceous or older bedrock intervening between the
valleys. As the transgression continued paralic and marine sedi-
ments of the overlying Oak Canyon Member were deposited.

INTRODUCTION

Most previous workers have recognized fluvial rocks
at the base of the Dakota Sandstone in the northern and

New Mexico

western parts of the San Juan Basin, but not in the
southeastern part of the basin (fig. C1). In this area, it
was believed that basal Dakota strata consisted almost
entirely of marginal marine or marine rocks of the Oak
Canyon Member (Landis and others, 1973; Molenaar,
1977; Owen, 1973) and that the sub-Dakota regional un-
conformity lay at the base of these rocks. Studies now
show, however, that fluvial strata genetically and tem-
porally related to the Dakota Sandstone underlie the Oak
Canyon Member and that the regional unconformity is
at the base of these fluvial rocks. A newly recognized unit
consisting of these thin, discontinuous, locally congiomer-
atic fluvial sandstone strata is here named the Encinal
Canyon Member of the Dakota Sandstone. Recognition
of the Encinal Canyon Member is important because it
marks the correct stratigraphic position of the sub-Dakota
regional unconformity and because it changes concepts
concerning sedimentologic processes during the early
stages of the deposition of the Dakota.

PRE-DAKOTA ROCKS

The Dakota Sandstone truncates successively older
stratigraphic units from northeast to southwest along the
southeastern side of the San Juan Basin (fig. C2). In
ascending order, the units that lie directly beneath the
Dakota in one place or another in the study area are the
Zuni Sandstone, the Brushy Basin and Jackpile Sandstone
Members of the Morrison Formation, and the Burro Can-
yon Formation. These units are briefly described below.

The Zuni Sandstone consists largely of fine- to
medium-grained, generally yellowish-gray or grayish-
yellow-green eolian sandstone (Maxwell, 1976). It is
Jurassic (probably Middie Jurassic) in age and lies below
the Encinal Canyon at El Morro National Monument and
in the Acoma area. The Zuni lies below the Morrison For-
mation on the east side of the basin.

The Brushy Basin Member of the Morrison For-
mation consists of thick montmorilionitic beds of
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light-grayish-green mudstone, claystone, and siltstone
which alternate with thinner lenses of sandstone, con-
glomeratic sandstone or conglomerate. The mudstone
unit also contains scattered thin limestone beds and thin,
well-indurated, orange and grayish-green zeolitic beds.
This unit is considered to be Late Jurassic in age in the
southeastern San Juan Basin (Santos, 1970).

The Jackpile Sandstone Member of the Morrison
Formation locally overlies the Brushy Basin Member in
the southeastern part of the basin. The Jackpile is a white,
kaolinitic, fine- to medium-grained, crossbedded fluvial
sandstone with thin interbeds of pale-green mudstone and
siltstone. It interfingers with the underlying Brushy Basin
mudstones in the Laguna area and is generally thought
to be of Late Jurassic age, although no age-diagnostic
fossils have been found in the unit.

Sandstone similar to the Jackpile rests on Brushy
Basin mudstones in the northern part of the region in the
Chama basin. This sandstone is considered probable
Burro Canyon Formation by most recent authors
(McPeek, 1965; Saucier, 1974; Ridgley, 1977, 1979). The
Burro Canyon Formation in the Chama basin is a tan,
kaolinitic, fine- to medium-grained, fluvial, crossbedded,
Iocally conglomeratic sandstone with interbeds of green
and red claystone and siltstone. It generally has a sharp
basal contact and may be disconformable with the under-
lying Brushy Basin (Ridgley, 1979). No age-diagnostic
fossils have been found in the unit in the Chama basin.
However, it may be Early Cretaceous in age if it correlates
with the Burro Canyon Formation at its type locality in
southwestern Colorado (Stokes, 1952; Craig, 1981), about
150 miles (240 km) to the northwest.

The Jackpile and the Burro Canyon are lithological-
ly similar fluvial sandstone units that occupy the same
stratigraphic position between the Brushy Basin mudstone
unit and the Dakota Sandstone; the relationship between
these two units is uncertain (Owen and Siemers, 1977).
Probably the most obvious difference between the Burro
Canyon in the Chama basin and the Jackpile Sandstone
Member in the Laguna area is that the Burro Canyon is
conglomeratic. Conglomeratic beds occur in the Jackpile-
Burro Canyon interval as far south as the La Ventana
area (Saucier, 1974) and consist of varicolored chert and
quartzite and abundant tan chert pebbles. The tan chert
is generally nonporous and has a somewhat earthy ap-
pearance. It is commonly rounded; however, it may be
fragmented. Broken surfaces are generally even or have
conchoidal fractures.

DAKOTA SANDSTONE

Encinal Canyon Member

The Encinal Canyon Member tends to form light-
gray or light-brown cliffs beneath ledge-forming sand-
stone or slope-forming shale units in the overlying parts
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of the Dakota. It is generally well exposed throughout
most of the study area. However, because of faulting, ex-
posures are scattered and scarce north of Cuba, N. Mex.,
along the western flank of the Nacimiento uplift. The type
section is in Encinal Canyon, approximately 4 miles north-
west of Laguna, N. Mex. (fig. C1), and is shown in figure
C3. The type section is illustrated in figure C4 and the
measured section is given at the end of the report.

The Encinal Canyon Member is a very light-gray
or light-brown, quartzose, fine- to medium-grained,
cross-stratified sandstone unit that is commonly con-
glomeratic, especially at its base. Typically it has a clay-
rich or calcareous cement or matrix but locally it is
cemented with silica, especially near its top. The Encinal
Canyon commonly contains black disseminated car-
bonaceous debris and thin, discontinuous lenses of gray
mudstone. Thin beds of coal are also locally present.
Typically the Encinal Canyon is trough crossbedded but
it also has tabular planar crossbeds and, more rarely,
horizontal or nearly horizontal laminations at some
localities. Massive and horizontally stratified conglom-
eratic beds are interbedded with poorly defined cross-
bedded sandstone beds locally on the eastern side of the
basin north of Cuba along the Nacimiento uplift.

Clasts in the conglomeratic beds of the Encinal
Canyon consist of varicolored chert and quartzite and
abundant and distinctive white chalky chert. This chalky
chert is generally finely porous and pulverulent in ap-
pearance. Although the white chalky chert pebbles may
be rounded, they are more commonly fragmented and
have highly irregular shapes because of uneven, rough
fracture surfaces. Their brilliant white color and angular
shapes give the chalky chert pebbles a distinctive ap-
pearance, especially on a broken surface. The chert clasts
generally range in size from very coarse sand to large peb-
bles, but rare chert boulders as large as 1.5 feet (0.5 m)
are seen locally. The chalky chert is one of the most
distinctive characteristics of the Encinal Canyon Member,
and its recognition aids in the correlation of this impor-
tant unit throughout the region.

The Encinal Canyon Member ranges from 0 to 75
feet (23 m) in thickness in most of the region. However,
it may be as thick as 100 ft (30 m) along the Nacimiento
uplift north of Cuba on the eastern flank of the San Juan
Basin (fig. C2). The Encinal Canyon Member occurs at
least as far south and west as El Morro National Monu-
ment, and it extends at least as far northeast as Mesa
Laguna in the Chama basin (fig. C2). In Poison Canyon,
north of Grants, N. Mex., a thin, lithologically similar
sandstone unit containing thin coaly interbeds may be
equivalent to the the Encinal Canyon Member. West and
northwest of Grants the Encinal Canyon—along with the
Oak Canyon and other members that make up the lower
part of the Dakota Sandstone in the southeastern San
Juan Basin—is undifferentiated and is included in the
main body of the Dakota Sandstone (Landis and others,









Canyon Member. Where present, sandstone beds at the
base of the Oak Canyon form a resistant, slightly over-
hanging ledge above the Encinal Canyon. In the past the
Oak Canyon was thought to be the basal unit of the
Dakota. Recognition of Encinal Canyon has resulted in
a redefinition of the Dakota contact in the southeastern
San Juan Basin. The base of the Encinal Canyon is a
regional unconformity, and the base of the Oak Canyon,
previously thought to be a major unconformity, is now
considered to be only a discontinuity resulting from minor
reworking of previously deposited Dakota strata as the
sea transgressed across the area.

PREVIOUS CORRELATIONS

In the past, the sandstone beds that compose the
Encinal Canyon were included in the Dakota Sandstone,
in the Jackpile Sandstone and Brushy Basin Members,
and in the Burro Canyon Formation. The probable reason
for miscorrelation of Encinal Canyon beds with the Jack-
pile and the Burro Canyon is that all of these fluvial units
closely resemble one another physically and lithologically.
In addition, the irregular surface at the base of the En-
cinal Canyon was probably misidentified as a local scour
surface. Irregular scour surfaces of this type are fairly
common in the Jackpile and the Burro Canyon. Some
workers have recognized local but discrete fluvial sand-
stone units at the base of the Dakota Sandstone at various
places throughout the study area, and these are included
in the Encinal Canyon. Maxwell (1976) mapped a discon-
tinuous “lower fluviatile conglomerate and sandstone”
unit at the base of the Dakota in the Acoma area. Nash
and Kerr (1966) reported a thin unit of “reworked”
Jackpile that truncates sandstone-hosted uranium ore in
the Jackpile at the Jackpile mine near Laguna. This unit
probably is part of the Encinal Canyon Member.
Reutschilling (1973, p. 46) informally called Encinal
Canyon equivalents the “unnamed basal sandstone” in
the San Ysidro area. Owen and Siemers (1977) recognized
fluvial sandstone units at the base of the Dakota on the
east side of the basin in the San Ysidro (Ojito Springs)
area, but they included these units in the Oak Canyon
Member of the Dakota Sandstone. The lowest unit of the
Dakota Sandstone in the Chama basin is a conglomeratic
fluvial sandstone 30 to 60 ft (9 to 18 m) thick (Grant and
Owen, 1974; Ridgley, 1977, 1979). Based on stratigraphic
position and similarity of lithology, particularly the
presence of white chalky chert clasts, the Encinal Canyon
and lower fluvial unit of the Dakota Sandstone in the
Chama basin probably are correlative. Correlation of units
between the Chama basin and the region farther south
along the eastern flank of the San Juan Basin is difficult
because of faulting and scarcity of outcrops along the west
side of the Nacimiento uplift north of Cuba.

AGE

Palynomorphs from the Encinal Canyon Member
collected by R. H. Tschudy (U.S. Geological Survey, oral
commun., 1983) in the Jackpile mine near Laguna in-
dicate that it is earliest Late Cretaceous (early Cenoma-
nian) in age. A very similar age (Cenomanian) has been
assigned to the overlying Oak Canyon Member of the
Dakota Sandstone based on fossil mollusks (Cobban,
1977) and palynomorphs (R. H. Tschudy cited in Cob-
ban, 1977). The presence of carbonaceous material in the
Encinal Canyon also suggests its age is close to that of
overlying Dakota strata. Carbonaceous debris is common
in the Dakota Sandstone, whereas it is rare or absent from
Lower Cretaceous and Upper Jurassic rocks in the region.
Moreover, regional stratigraphic relationships indicate
that the Encinal Canyon is part of the Dakota. Its basal
contact is an unconformity that truncates Middle and Up-
per Jurassic and Lower Cretaceous rock units, whereas
its upper contact, which separates it from the overlying
Oak Canyon Member, is only a discontinuity that formed
as the sea transgressed across the region.

DEPOSITIONAL HISTORY

The large amount of relief (several tens of feet) on
the base of the Encinal Canyon indicates that the sub-
Dakota erosion surface in the southeastern San Juan
Basin formed as a surface of degradation. This surface
probably was the result of a lowering of base level that
postdated deposition of the Burro Canyon Formation.
Easterly flowing streams, which carved the paleo-land
surface preserved at the unconformity, scoured all the
underlying units and in some places cut completely
through the Jackpile Sandstone Member or the Burro
Canyon Formation. A main trunk of this stream system
probably passed through the area north of Cuba on the
east flank of the San Juan Basin, where the Encinal
Canyon Member is thickest (fig. C2). Encinal Canyon
streams began to aggrade and the member was deposited
as backfill, first in the lower part of the river valleys and
later in topographically higher areas, in response to a rise
in base level that was probably associated with the en-
croachment of the Dakota sea into the region. Most of
the Encinal Canyon is interpreted to be fluvial in origin.
However, locally, near its top, the Encinal Canyon may
include some paralic beds deposited during minor still-
stands as the sea intermittently transgressed across the
area. The top of the Encinal Canyon is placed just below
the flat surface that formed as the Late Cretaceous sea
advanced over the area. During this marine transgression
waves and currents reworked some of the previously
deposited Encinal Canyon Member and truncated the
tops of high areas of bedrock intervening between the
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valleys (composed of Lower Cretaceous or older rocks).
After the shoreline advanced across the region, the Oak
Canyon was deposited in paralic, marginal marine, and
offshore marine environments.

CONCLUSIONS

The Dakota Sandstone, in the southeastern San
Juan Basin, was thought to consist of marginal marine
and marine sedimentary facies, and its base was thought
to be an erosional surface formed during a marine trans-
gression. The newly recognized Encinal Canyon Member
is important because it changes our understanding of the
stratigraphy of this interval and, consequently, of the
depositional history in the region during earliest Late
Cretaceous time. The member is a mappable fluvial unit
lying beneath strata previously thought to be at the base
of the Dakota. Significant relief on the base of the En-
cinal Canyon indicates that the sub-Dakota erosion sur-
face is a result of regional degradation by streams flowing
over the area. This surface is a major unconformity that
truncates Lower Cretaceous and Upper Jurassic forma-
tions. However, the contact between the Encinal Canyon
and the overlying Oak Canyon is only a discontinuity
formed as the sea transgressed across the region.

MEASURED SECTION

Type section of the Encinal Canyon Member of the
Dakota Sandstone

[Measured on east side of road in Encinal Canyon approximately 4 miles
(6.4 km) northwest of Laguna, N. Mex. (fig. C1), in the W4 NE%
sec. 26, T. 10 N., R. 6 W., Laguna 7'2-minute quadrangle, Valencia
County, N. Mex.]

Thickness
Feet Meters

Top of measured section.
Dakota Sandstone (part):
Oak Canyon Member (part):

28. Sandstone, light-brown (5YR5/6) to
dusky-brown (5YR2/2), fine- to coarse-
grained, moderately well sorted, sub-
rounded; has silica cement (quartz over-
growths); quartzose with less than 1
percent red accessory grains; tabular her-
ringbone crossbeds in sets 1-2 ft (0.3-
0.6 m) thick contain graded foresets 15
to lin. (1.3 to 2.5 cm) thick that exhibit
opposing dip directions ............
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27.

26.

Sandstone, light-brown (S5YRS5/6) to
dusky-brown (5YR2/2), fine- to
medium-grained, moderately well sorted,
subrounded; has silica cement (quartz
overgrowths); quartzose with less than
1 percent black accessory grains; wedge-
shaped crossbeds in sets 6-10 in.
(15.2-254 cm) thick ...............

Sandstone, light-brown (5YRS5/6) to
dusky-brown (5YR2/2), fine- to
medium-grained, moderately well sorted,
subrounded; has silica cement (quartz
overgrowths); quartzose with less than
1 percent pink and black accessory
grains; wedge-shaped crossbed sets ap-
proximately 2 ft (0.6 m) thick contain
graded foresets 1-3 in. (2.5-7.6 cm)
thick; forms an overhanging resistant
ledge above the Encinal Canyon ....

Total thickness of the Oak Canyon
Member (part)

Encinal Canyon Member:

25.

24,

23.

22.

21.

Sandstone, very light gray (N8) and
moderate-reddish-orange (10R6/6) to
moderate-reddish-brown (10R4/6), fine-
to medium-grained, moderately well
sorted, subrounded; has silica (quartz
overgrowths), calcite (minor), and clay
(minor) cement; quartzose with less than
1 percent black accessory grains; trough
crossbeds in sets as thick as 8 in. (20.3
cm) contain graded foresets 1-2 in.
(2.5-5.1 cm) thick .................

Sandstone, moderate-reddish-orange
(10R6/6) to moderate-reddish-brown
(10R4/6), fine-grained, well sorted,
subrounded; has silica (quartz over-
growths), calcite (minor), and clay
(minor) cement; quartzose with less than
1 percent black accessory grains; massive

Shale, light-brownish-gray (SYR6/7) and
grayish-black (N2)

Covered interval ..................
Sandstone, very light gray (N8) to light-
gray (N7) and moderate-yellowish-
brown (10YR5/4), very fine- to medium-
grained, moderately well sorted,
subangular; has silica (quartz over-
growths) and calcite (minor) cement;

Thickness
Feet Meters
2.8 09
20 0.6

13.8 4.2
1.5 0.5
20 0.6
20 0.6
5.0 1.5



Dakota Sandstone (part)—Continued

Encinal Canyon Member—Continued

20.

19.

18.

17.

16.

quartzose; woody plant fragment im-
pressions along the basal surfaces of
some troughs; broad trough crossbeds in
sets approximately 1 ft (0.3 m) thick

Shale, medium-gray (N5) to medium-
dark-gray (N4) ....................
Sandstone, light-gray (N7), dark-
yellowish-brown (10YR4/2), and dusky-
yellowish-brown (10YR2/2), fine- to
medium-grained, well-sorted, sub-
rounded; has silica (quartz overgrowths)
and calcite (minor) cement; quartzose
with less than 1 percent black accessory
grains; limonite and hematite staining
and woody plant fragment impressions
concentrated along basa!l surface; faint-
ly crossbedded ....................
Sandstone, pebbly, very light gray (N8),
dark-yellowish-orange (10YR6/6), and
dark-reddish-brown (10R3/4), medium-
to coarse-grained (with some pebbles as
long as % in.; 0.6 cm), poorly sorted,
subangular, clay-cemented, quartzose;
pebbles include white angular chalky
chert; locally contains woody plant frag-
ment impressions; trough crossbeds ap-
proximately 1 ft (0.3 m) thick contain
graded foresets 4-6 in. (10.2-15.2 cm)
thick ...
Sandstone, very light gray (IN8), dark-
yellowish-orange (10YR6/6), and
moderate-reddish-brown (10R4/6), fine-
to medium-grained, moderately to
moderately well sorted, subrounded,
clay- and calcite- (minor) cemented,
quartzose; trough crossbeds in sets 1-2
ft (0.3-0.6 m) thick contain graded
foresets as thick as Y2 in. (1.3 cm);
limonite stain and woody plant fragment
impressions concentrated along basal
scour surfaces of trough cross sets ..

Sandstone, very light gray (N8), dark-
yellowish-orange (10YR6/6), and
moderate-reddish-brown (10R4/6), fine-
to coarse-grained, moderately sorted,
subrounded, calcite- and clay-cemented;
quartzose with less than 1 percent green
and black accessory grains; also contains
thin carbonaceous laminations and

Thickness
Feet Meters

15.

5.0 1.5

0.5 02

14.

1.5 0.5

13.

20 06

3.5 1.1

Morrison

abundant disseminated carbonaceous
plant debris; poorly defined trough
crossbeds(?) in sets approximately 1 ft
(0.3 m) thick contain graded foresets
Y5-1 in. (1.3-2.5 cm) thick .........
Sandstone, pebbly, dark-yellowish-
orange (10YR6/6), and very light gray
(N8), fine- to coarse-grained (with peb-
bles as long as Y2 in.; 1.3 c¢m), poorly
sorted, subangular, clay-cemented; peb-
bles include clasts of white, angular to
subangular, chalky chert and sub-
rounded black and gray smooth chert as
long as % in. (0.6 cm), and very light
gray siltstone clasts as long as % in. (1.3
cm); contains thin carbonaceous lamina-
tions; massive ....................
Sandstone, very light gray (N8), dark-
yellowish-orange (10YR6/6), and
grayish-orange-pink (5YR7/2), fine- to
coarse-grained, moderately well sorted,
subrounded, clay- and silica- (minor)
cemented, quartzose; contains occa-
sional thin laminations of carbonaceous
material; faint trough crossbeds in sets
as thick as 8 in. (20.3 cm) contain graded
foresets 1-4 in. (2.5-10.2 c¢m) thick;
scoured basal surface ..............
Pebble conglomerate, sandy, dark-
yellowish-orange (10YR6/6) and very
light gray (N8), poorly sorted, subangu-
lar, matrix-supported, clay-cemented,
quartzose; matrix is fine to coarse
grained; pebbles are as long as % in. (1.9
cm) and include abundant white, angular
chalky chert clasts and black, gray, and
white subrounded smooth chert clasts;
locally contains woody plant fragment
impressions and limonite staining near
or along the basal scour surface; poorly
defined crossbedding

Total thickness of the Encinal Canyon
Member

Formation (part):

Jackpile Sandstone Member:

12.

Encinal Canyon Member of Dakota Sandstone, New Mexico

Sandstone, white (N9; locally stained
dark yellowish orange, 10YR6/6),
fine-grained, moderately well sorted to
well sorted, subrounded, clay-
cemented, quartzose, massive

Thickness

Feet

2.5

0.5

3.5

1.0

Meters

0.8

0.2

1.1

0.3
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Jackpile Sandstone Member—Continued

11.

10.

Silty mudstone, light-brownish-gray
(5YR6/1) and grayish-yellow-green
(5GY7/2); locally fissile .. .........
Sandstone, white (N9; locally stained
dark yellowish orange, 10YR6/6), fine-
grained, moderately well sorted to well
sorted, subrounded, clay-cemented,
MASSIVE .ottt
Sandstone, grayish-orange (10YR7/4)
and very pale orange (10YR8/2), fine-
to medium-grained, moderately well
sorted, subrounded, clay-cemented;
quartzose with less than 1 percent black
accessory grains; massive ...........
Sandstone, silty, white (N9) and
moderate-reddish-orange (10R6/6); silt
to medium-grained sand; poorly sorted
to moderately sorted; trace of calcite ce-
ment; contains sandy siltstone rip-up
clasts as long as %2 in. (1.3 cm) .....
Siltstone, sandy, light-brownish-gray
(5YR6/1) and light-greenish-gray
(5G8/1); silt to very fine grained sand;
moderately well sorted; trace of calcite
cement; qUArtZOSE .................
Sandstone, moderate-orange-pink
(5YR8/4), medium- to coarse-grained
(with a few scattered pebbles as long as
Y in.; 0.6 cm), poorly to moderately
sorted, subrounded, clay-cemented;
quartzose with less than 1 percent black
accessory grains; granules and pebbles
include quartz clasts and gray chert
clasts; faint trough crossbeds contain
graded foresets 2-3 in. (5.1-7.6 cm) thick

Sandstone, pebbly, moderate-orange-
pink (5YR8/4), medium- to coarse-
grained (with some pebbles as long as 2
in.; 1.3 cm), poorly sorted, clay-
cemented, quartzose; granules and
pebbles include clasts of quartz, gray
chert, and white rhyolite; trough cross-
bedded; scoured basal surface ......
Sandstone, moderate-orange-pink
(5YR8/4), medium- to coarse-grained,
moderately well sorted, subrounded,
clay-cemented, quartzose; faint

Jurassic and Cretaceous of Colorado Plateau

Thickness
Feet Meters
0.5 0.2
7.0 2.1
5.0 1.5
0.5 0.2
1.5 0.5
4.0 1.2
1.0 0.3

Thickness
Feet Meters

crossbeds contain graded foresets 1-2 in.
(2.5-5.1 cm) thick .................
3. Sandstone, very pale orange (10YR8/2),
medium-grained, moderately well sorted,
subrounded, clay-cemented, quartzose,

massive 1.0 0.3

2. Sandstone, pebbly, very pale orange
(10YR8/2), medium- to coarse-grained
(with some pebbles as long as ¥ in.; 1.9
cm), poorly sorted, subrounded, calcite-
and clay- (minor) cemented; quartzose
with less than 1 percent pink and black
accessory grains; pebbles include clasts
of tan, light-gray, and black chert, white

rhyolite, and green mudstone; massive 1.0 0.3

Total thickness of the Jackpile
Sandstone Member

Brushy Basin Member (part):

1. Mudstone, grayish-yellow-green
(5GY7/2); forms slope Not measured.
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