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PREFACE

This is the first geological report eminating from the Museum of Northern
Arizona — United States National Park Service Memorandum of Agreement, under
which the Museum of Northern Arizona undertook geological and archaeological
studies as a part of the Upper Colorado River Basin Salvage Program.

The scope of this program was greatly enhanced by the National Park Service’s
recognition of the need for information in many fields of science. The results of
the many studies undertaken by the University of Utah and the Museum of Northern
Arizona enable the Park Service to better interpret this area to the many thousands
of visitors to Lake Powell National Recreation Area.

This report, the first of two planned reports in geology, will help in this in-
terpretive program, as well as be of interest to scientists involved in geological
studies of the Colorado Plateau area.

EDWARD B. DANSON,
Director
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STRATIGRAPHIC SECTIONS AND RECORDS OF SPRINGS IN THE
GLEN CANYON REGION OF UTAH AND ARIZONA

INTRODUCTION

In 1957, the Museum of Northern Arizona in cooperation with the National Park
Service began an intensive geologic study of Glen and San Juan Canyons. This study
was part of salvage investigations in archaeology, biology, geology and history,
sponsored by the National Park Service in the area to be inundated by Lake Powell,
the reservoir formed behind Glen Canyon Dam. This report contains the descrip-
tions of stratigraphic sections and the records of springs inventoried.

The area investigated includes all of Glen Canyon, the part of Cataract Canyon
downstream from the mouth of Dark Canyon, the reach of San Juan Canyon down-
stream from Grand Gulch, and the upland region between the San Juan and the
Colorado Rivers west of the Clay Hills escarpment (Fig. 1). Nineteen stratigraphic
sections of rocks ranging from Permian to Jurassic were measured (Table I). In
addition, four sections of the Late Recent alluvium in San Juan Canyon were mea-
sured. A total of 289 springs were inventoried within the region.

STRATIGRAPHIC SECTIONS

Stratigraphic sections were measured in key places to record the description
and thickness of the sedimentary rocks, to identify the formations and members,
and to correlate the rock units between different areas. Many sections are of
rocks which will be covered by the filling of Lake Powell upon completion of Glen
Canyon Dam.

Lithologic samples were taken of each stratigraphic unit at the time of mea-
surement and are stored at the Museum of Northern Arizona at Flagstaff. In ad-
dition, other samples collected for detailed examination and not described in this
report, were taken of bedrock units and surficial deposits and these are also stored
and are available for inspection at the Museum.

The type of rock, color, composition, accessory minerals, and cementation
were described in the laboratory with the aid of a binocular microscope from the
samples which were collected at the time of measurement. The rock-color chart
(Goddard, 1948), was used for all color designations. The determination of grain,
size, roundness, and degree of sorting was made by visual comparison with charts
prepared by Payne (1942). Particle size, in order of increasing grain size, in-
cludes clay and silt and very fine-, fine-, medium-, coarse-, and very coarse-
grained sand according to the Wentworth (1926) grade scale. The term “mudstone”
is used where there is nearly equal proportions of clay and silt. The roundness
are classified as well-rounded, rounded, sub-rounded, sub-angular, or angular.
The sorting is described as well-sorted, fair-sorted, and poorly sorted (Payne,
1942) and is restricted to sandstone or conglomerate. Quartz is the chief con-
stituent of the rocks and grains of this mineral and are described as clear,
stained, amber, or frosted. Accessory minerals are muscovite, biotite, pyrite,

1



STRATIGRAPHIC UNITS IN GLEN-SAN JUAN CANYON REGION
UTAH AND ARIZONA

Quarternary
Alluvium

Terrace deposits
Eolian deposits
Landslide deposits

Upper Cretaceous
Straight Cliffs Sandstone
Mancos Shale

Dakota Sandstone

Upper Jurassic
Morrison Formation
Salt Wash Member
Cow Springs Sandstone
Entrada Sandstone

Middle and Upper Jurassic
Carmel Formation

Upper Triassic(?) and Jurassic
Navajo Sandstone

Upper Triassic(?)

Kayenta Formation

Moenave Formation
Springdale Sandstone Member
Dinosaur Canyon Member

Upper Triassic
Wingate Sandstone
Lukachukai Member
Chinle Formation
Church Rock Member
Owl Rock Member
Petrified Forest Member
Upper Part
Sonsela Sandstone Bed
Lower Part
Moss Back Member
Monitor Butte Member
Lower Red Member
Shinarump Member

Lower and Middle(?) Triassic

Moenkopi Formation
Upper Siltstone Member
Middle Sandstone Member
Lower Siltstone Member
Hoskininni Member

Permian

Cutler Formation

White Rim Sandstone Member
DeChelly Sandstone Member
Organ Rock Tongue

Cedar Mesa Sandstone Member
Halgaito Tongue

Pennsylvanian and Permian

Rico Formation

Pennszlvanian

Hermosa Formation
San Rafael Group

Entrada Sandstone
Carmel Formation

Glen Canyon Group

Navajo Sandstone
Kayenta Formation
Moenave Formation
Springdale Sandstone Member
Dinosaur Canyon Member
Wingate Sandstone
Lukachukai Member



gypsum, and calcite. Other minerals not identified are recorded only for color.
The cementation of the rock is noted as very well, well, firmly, or weakly ce-
mented for the consolidated rocks and as weakly, very weakly, or not cemented
for the slightly consolidated surficial deposits. Where recognized, the type of
bonding is also noted. A non-calcareous, generally weakly cemented unit contain-
ing a substantial amount of clay and silt is considered to have an argillaceous ce-
ment,

The description of the bedding closely follows that of McKee and Weir (1953)
and Harshbarger, Repenning, and Irwin (1957). The bedding is described as flat,
irregular, lenticular, gnarly, and crinkled. A unit is described as “structureless”
if no bedding features are displayed, although the bounding contacts may be well
defined. Pseudocrossbedding (ripple bedding) is a type of bedding which consists
entirely of truncated ripple marks. The bedding is classified to thickness as fol-
lows:

Very thin-bedded . . . . . . less than 2 inches

Thin-bedded ......... 2 inches to 2 feet
Thick-bedded. . ....... 2 to 4 feet
Very thick-bedded ... .. more than 4 feet

Crossbedding (or cross-stratification) is divided into simple, planer, and
trough types which is based on the external features of the similarly oriented
groups of crossbeds as described by Harshbarger, Repenning, and Irwin (1957,
pp. 58-9): “The simple type shows no apparent signs of erosion along the bounding
surfaces of the individual group of crossbeds. The planer type is marked by flat
surfaces of erosion bounding this group. The trough type is marked by curved
surfaces of erosion bounding the group.” The crossbedding is described as tabular,
for parallel and sub-parallel planer surfaces; wedge, for converging planer sur-
faces; and lenticular, for converging curved surfaces. The crossbeds are classi-
fied as to shape, angle of dip, size, and thickness as follows:

Shape
Angle of dip:

High: o4 « . . . More than 20 degrees
Medium .. ... 10 to 20 degrees
Low........3to10 degrees

Very low. . ... Less than 3 degrees
Size
Very large-scale..... More than 100 feet
Large-scale ........ 100 to 20 feet
Medium-scale . ... ... 20 feet to 1 foot
Small-scale. . ....... Less than 1 foot

For the most part the other features are self-explanatory and include descrip-
tions of weathering, topographic expression, and splitting property. Hoodoo weath-
ering pertains to irregular, pillar-like forms which have often been referred to as
“rock babies.” The basal contact of a unit is classified as sharp, flat, irregular,
or gradational. The depositional environment was recorded at the time of field
observation because it is desirable to indicate the depositional agent or agents of
each unit.



INVENTORY OF SPRINGS

Nearly all of the rocks in the Glen-San Juan Canyon area yield some ground
water although yields of more than 25 gallons per minute from springs are princi-
pally from the Navajo and Wingate Sandstones or from prominent joints in other
stratigraphic units., The springs listed in this report constitute only a partial in-
ventory of the region as no attempt was made to visit all the springs. They were
visited either on the ground or were observed from the air. Many additional
springs, indicated on aerial photographs by small areas of lush vegetation, are
not listed in this report.

All of the ground-water developments; springs, dug wells, drilled wells, and
test holes drilled for uranium prospecting were assigned a field number, GJ-1 to
GJ-363. The field numbers were assigned consecutively at the time inventoried
and no distinction was made between springs or other ground-water developments;
Table 3 lists only the springs that were inventoried.

Each spring was located in the field on aerial photographs or on the topo-
graphic maps. Because of incomplete land survey by Township and Range coordi-
nates, each spring has a field number which locates the spring within the quad-
rangle map in which it is plotted. The left-hand part of the field number is the
distance in miles west of, and the right-hand part is the distance in miles south of,
the northeast corner of the quadrangle. Thus, spring GJ-1, the first entry of Table
3, is 4.53 miles west and 1.67 miles south of the northeast corner of the Navajo
Mountain 4NE quadrangle.

The discharge of the springs, except where indicated, is estimated. The
springs in the canyon region are difficult to measure because of low yield, more
than one orifice, thickets of vegetation growing around the orifices, and location
of many of the springs on the sides of cliffs. Usually the yield of small springs
showing only a few trickles of water and forming a broad seep area partly masked
by vegetation was estimated as less than five gallons per minute.

Altitudes of the springs are in feet above mean sea level and were estimated
from the topographic maps, as were the altitudes of springs above the floor of
canyons.

The stratigraphic units are divided into formations and members and are
listed in Table 1. The unit from which the spring discharges is considered as
the stratigraphic unit and is called the aquifer. Springs issuing from joints in
relatively impermeable rocks are considered as discharging from that unit even
though the ground water is derived originally from other rocks. Sandstone (ss)
is the chief rock type that yields water in the Glen-San Juan Canyon region. Other
water-bearing rocks include limestone (1s) and silty sandstone (si-ss). Unconsoli-
dated deposits which yield ground water to springs are sand (s) and gravel (g).

A spring is described as issuing from a joint, along a bedding plane, on a con-
tact between two stratigraphic units, or directly from the rock or unconsolidated
deposit regardless of the bedding and joints. Pools of water occur in places on
the canyon floor and some probably maintained by the ground-water table are de-
scribed as springs. Faults, causing permeable zones in rocks of generally low
permeability, are used as conduits from one aquifer to another. Many springs are
along faults and discharge ground water which has percolated downward from the
overlying units, or water which has moved upward under artesian pressure from
an aquifer at depth,



The physiographic position of the springs and items in the remarks column are
believed to be self-explanatory. Some of the springs were sampled and a chemical
analysis was made by laboratories of the Quality of Water Branch, U. S. Geological
Survey, either in Salt Lake City, Utah, or in Albuquerque, New Mexico.
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GLEN-SAN JUAN GJ-1

Measured by M. E. Cooley
October 10, 1957

Location: Nokai dome, north of San Juan River; 3.39 miles west and 1.85 miles

south of the northeast corner of Navajo Mountain 4 NE Quadrangle.
LOWER AND MIDDLE(?) TRIASSIC:

MOENKOPI FORMATION:

Hoskininni Member:

3. Sandstone: light-brown (5YR 6/4); silt to medium-grained
sand; fair- to poorly sorted; composed of rounded to subrounded,
clear and stained quartz; muscovite and abundant black accessory
minerals; firmly cemented, calcareous and ferruginous; splits mas-
sive; flat and lenticular thick- to very thick-bedded, some structure-
less; lenticular, wedge, and tabular crossbedding, low- to very low-
angle, small- to large-scale crossbeds; weathers round and blocky;
forms an irregular ledge; transition unit; some primary slumpage;
tongues out to the southeast into unit 4; some crinkled bedding; base
is sharp and irregular; unconformable every place, makes sharp
contact with high-angle, large-scale crossbeds of unit 2; unit thins
rapidly to north and south from section; burrows in upper part 3/8 -

5/8 inches diameter; base is sharp andirregular . ............
Total incomplete Hoskininni Member. . ... B “e
PERMIAN:

CUTLER FORMATION:
White Rim Sandstone Member:

2. Sandstone: very pale-orange (10YR 8/2) to grayish-orange-
pink (10R 8/2); fine-grained; well-sorted; composed of subrounded,
clear quartz; black accessory minerals; firmly cemented, calcareous
and siliceous; splits flaggy; lenticular very thick-bedded; lenticular
crossbedding, high- to medium-angle, large- to very large-scale
crossbeds; weathers blocky; forms an irregular ledge; secondary
quartz; limonite stains; some of the crossbedding planes can be
traced across the entire outcrop and this is essentially the entire
thickness of the unit; eolian environment; lithologic sample NN-9;
base is sharpand flat . . .. .. T S8 HGE R GRS
Total White Rim Sandstone Member. . . . v v v o v vt et v e vt v e onnn

Organ Rock Tongue:

1E. Sandstone: very pale-orange (10YR 8/2) with some light-
greenish-grey (5GY 8/1); very fine- to fine-grained; composed of
well rounded to subrounded, clear quartz; black accessory minerals;

6
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firmly cemented, calcareous and siliceous; flat thin- to thick-bedded
structureless; splits massive and flaggy; weathers blocky; forms an
irregular ledge; tongues northward into unit 2; secondary quartz;

base is sharpandirregular . . « « « v e v e v e v s e e e S G e

1D. Sandstone: pale-reddish-brown (10R 5/4) to grayish-red
(10R 4/2); silt to very fine-grained sand; poorly sorted; composed
of rounded to subangular, stained quartz; black accessory minerals;
weakly cemented, ferruginous; splits crumbly; bedding features
sameasunit 1B, . ...... s o i W LN W Sl e e W a W e e e

1C. Sandstone: yellowish-gray (5Y 8/1) mottled with light-
greenish-gray (5G 8/1) and brownish-gray (5YR 6/1); very fine- to
fine-grained; fair- to poorly sorted; composed of rounded to sub-
angular, clear with a few stained quartz; muscovite, biotite, and
black accessory minerals; firmly cemented, siliceous and slightly
calcareous; splits flaggy; secondary quartz ....... Ga e 0

1B. Sandstone: pale-reddish-brown (10R 5/4); very fine-
grained; poorly sorted; composed of rounded to subangular, stained
quartz; abundant muscovite and black accessory minerals; firmly to
weakly cemented, siliceous and ferruginous; splits massive and
crumbly; flat, lenticular, and structureless; lenticular crossbhed-
ding, low-angle, medium-scale crossbeds; weathers hoodoo; forms
an irregular slope; yellowish-gray (5Y 8/1) bleached spots and
streaks; flood plain and quiet fluvial environment. . . . .. ........

1A. Sandstone: pale-reddish-brown (10R 5/4); very fine-
grained; fair-sorted; composed of rounded to subangular, stained
with a few clear quartz; muscovite and black accessory minerals;
weakly cemented, ferruginous; splits shaley and crumbly; flat-
bedded; weathers hackly; forms an irregular ledge and slope; flood

plain environment; base is concealed. ... .. R R I % i@ s
Total incomplete Organ RoCk TONgUE. . v v v v v v v v v v v v v e v e vens
Total incomplete Cutler Formation . c s s s s o s s s s 650 sis s 555 5 o

Feet

4.5

10
21
73.0



GLEN-SAN JUAN GJ-2A

Measured by M. E. Cooley
April 14, 1958

Location: White Canyon below Copper Point; 5.58 miles west and 12.78 miles

south of northeast corner of Hite Quadrangle.
PERMIAN:

CUTLER FORMATION:

Organ Rock Tongue:

7. Sandstone: grayish-pink (5R 8/2) to grayish-orange-pink
(10R 8/2); fine- to medium-grained; well-sorted; composed of sub-
rounded to subangular, clear with a few stained quartz; black acces-
sory minerals; weakly cemented, calcareous; splits massive; len-

ticular very thick-bedded; lenticular crossbedded, high- to low-angle,

large- to very large-scale; weathers smooth, blocky, knobby, and
some pitted; forms an irregular ledge; upper contact appears to be
sharp and irregular with overlying units; highly calcareous; eolian
environment; base is sharp, flat, and irregular with a relief of 1

foot........

6B. Silty sandstone: pale-red (10R 6/2); silt to fine-grained
sand; poorly sorted; composed of rounded to subangular, stained
and amber quartz; muscovite and black accessory minerals; weakly
cemented, argillaceous; structureless with some contorted bedding;
base is sharp and flat . . . ... o Sl B W RE G FRE S e W e e e

6A. Sandstone: grayish-red (10R 4/2) to pale-reddish-brown
(10R 5/4); silt to fine-grained sand; poorly sorted; composed of
rounded to subangular, stained quartz; rare biotite and muscovite,
gypsum, black and green accessory minerals; weakly cemented,
argillaceous and slightly calcareous; splits massive; flat and thick-
bedded and structureless; weathers blocky and knobby; forms an
irregular ledge; contains some sandstone like unit 5A or 5C; one
impression of large plant(?) 3 inches wide and 2-1/2+ feet long;
contains calcite nodules less than 1-1/2 inches in diameter; very
thin layers of chalcedony; base is gradational, sharp, and irregular
with 1 foot of reliefi < s v s s n aav s v s aaie s oo s oo e oin e ae e s

5C. Sandstone: pale-reddish-brown (10R 5/4); silt to fine-
grained sand; poorly sorted; composed of rounded to subangular,
stained and amber quartz; muscovite, common black and rare green
accessory minerals; weakly cemented, argillaceous; bedding is
same as 5A except it weathers more platy; lenticular crossbedding;
low- to very low-angle, medium-scale crossbeds. . « « « v v v v v v oo

5B. Sandstone: pale-reddish-brown (10R 5/4); silt to fine-

8

Feet

20-35

3-4

21.5

28.5



grained sand; poorly sorted; composed of rounded to subangular,
stained quartz; muscovite, biotite, and black accessory minerals;
firmly to weakly cemented, argillaceous and slightly calcareous;
bedding is same as unit 4. . . . v v e v it bt i i et ettt e

5A. Silty sandstone: dark-reddish-brown (10R 3/4); silt to
very fine-grained sand; poorly sorted; composed of stained quartz;
muscovite, rare biotite, and black accessory minerals; weakly ce-
mented, calcareous; splits platy; flat and lenticular very thin- to
thin-bedded; weathers hackly; forms an irregular and covered slope;
flood plain and tidal flat environment; base is gradational........

4, Sandstone: pale-reddish-brown (10R 5/4) and very pale-
orange (10YR 8/2); very fine- to fine-grained; fair- to poorly
sorted; composed of rounded to subangular, clear, stained, and
amber quartz; muscovite and black accessory minerals; firmly to
weakly cemented, siliceous and argillaceous; splits massive and
flaggy; flat, lenticular thick-bedded and structureless; weathers
blocky; commonly bleached along fractures; flood plain and tidal
flat environment; base is gradational, sharp, and irregular and
with 1 foot of relief; « vc s sos s saw o am s o6 ® o R T L @

3. Sandstone: same as unit 2A; no sample taken; splits platy
and shaley; flat, lenticular bedded; weathers hackly; forms an ir-
regular slope; sandstone bed is same as unit 2A; contains a few
ledge-forming lenticular sandstones; flood plain and tidal flat en-
vironment; base is gradatioNal. « s « oo o o0 o vi0 0 ¢ 58 s s0/s oo . & »

2C. Sandstone: pale-red (10R 6/2) and grayish-orange (10YR
7/4); very fine- to fine-grained; poorly sorted; composed of rounded
to subangular, clear and stained quartz; common muscovite, biotite,
black and rare yellow accessory minerals; firmly to weakly ce-
mented, calcareous; bedding is same as unit 2A; bleached spots
silicified. . . . ...

2B. Sandstone: very pale-orange (10YR 8/2); very fine- to
fine-grained; fair-sorted; composed of rounded to subangular,
clear and stained quartz; common muscovite, biotite, black and
rare yellow accessory minerals; firmly cemented, siliceous; bed-
dingissame as unit 2A. . . i v v v vttt et e et e et e e oo an

2A. Sandstone: grayish-red (10R 4/2); silt to very fine-grained
sand; poorly sorted; composed of rounded to subangular, stained
quartz; abundant muscovite and black accessory minerals; firmly to
weakly cemented, calcareous and argillaceous; splits flaggy and
platy; flat, lenticular very thin- to thick-bedded; weathers blocky
and hackly; forms an irregular ledge; grayish-orange (10YR 7/4)
bleached zone at base, bleached zone silicified; flood plain and tidal
flat environment; baseis sharpandflat. . . . ¢ ¢ e e v e e e v v v v e nn
Total incomplete Organ Rock Tongue. ... ..... Giais W i Sis e # se

Cedar Mesa Sandstone Member:

1B. Sandstone: very pale-orange (10YR 8/2) to pale-yellowish-
orange (10YR 8/6); very fine- to fine-grained; well- to fair-sorted;
composed of rounded to subrounded, stained and amber quartz; mus-
covite, black, and yellow accessory minerals; firmly cemented,

9

Feet

11

14

17.5

7
135.5-151.5



calcareous and siliceous; splits massive; flat, lenticular very Feet
thick-bedded; lenticular, planer and trough crossbedding, high- to

low-angle, very large-scale crossbeds; weathers smooth and

blocky; forms an irregular ledge; secondary quartz; eolian en-

vironment, base is gradational . . .o ¢ . ¢ 0 ... S R W e e . 80
1A. Sandstone: not sampled ........ G S W e s E S 300+
Total incomplete Cedar Mesa Sandstone Member. .. .....cceo.c.. 380

Total incomplete Cutler Formation . ... .. ceeeeeeeeeeeeess. 915.5-531.5
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GLEN-SAN JUAN GJ-2B

Measured by M. E. Cooley
April 14, 1958

Location: White Canyon below Copper Point; 5.39 miles west and 13.44 miles
south of the northeast corner of Hite Quadrangle. Unit 7 is the same as Unit 7

of Section GJ-2A.
UPPER TRIASSIC(?)
CHINLE FORMATION:
Monitor Butte Member:

21. Mudstone and sandstone.

Mudstone: greenish-gray (5GY 6/1); light-gray (N7), grayish-
orange (10YR 7/4), and dark-yellowish-orange (10YR 6/6); clay and
silt; muscovite and black accessory minerals; weakly cemented, ar-
gillaceous; splits shaley.

Sandstone: very light-gray (N8) to grayish-orange (10YR 7/4);
fine- to medium-grained; poorly sorted; composed of clear quartz;
black accessory minerals; firmly cemented, calcareous; splits

flaggy.
Lenticular very thick-bedded; weathers puffy; forms a regular

and covered slope; sandstone channels; azurite, malacite, and
uranium-bearing minerals; flood plain environment; base is sharp
and irregular. . . . ... 0000 iSRG e . ae
Total incomplete Monitor Butte Member of the Chinle Formation . . .

UNCONFORMITY: Erosional, 20 feet of relief.

LOWER AND MIDDLE TRIASSIC:

MOENKOPI FORMATION:

Upper Member:
20G. Silty sandstone and siltstone; same as Unit 20E. .......
20F. Sandstone: sameasunit 19..........0c 00t veuen..

20E. Silty sandstone and siltstone: grayish-red (10R 4/2); silt
to very fine-grained sand; muscovite, biotite, and black accessory
minerals; splits platy; flat, lenticular very thin- to thin-bedded;
pseudocrossbedded; weathers hackly; forms an irregular ledge and
slope; quiet fluvial environment; base is gradational . ..........

20D, Sandstone: sameasunit20E ... ... .. 00t eeeenenn

20C. Silty sandstone and siltstone: same as unit 20E........

20B. Sandstone: sameasunit19........

20A. Silty sandstone and siltstone: same as unit 20E. .......
11
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50+
50

21
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19, Sandstone: very pale-orange (10YR 8/2) to grayish-orange
(10YR 7/4); very fine- to fine-grained; fair-sorted; composed of
clear quartz; muscovite and black and green accessory minerals;
firmly to weakly cemented, calcareous; splits platy; lenticular thin-
bedded; pseudocrossbedded; weathers blocky and hackly; forms an
irregular ledge; quiet fluvial environment; base is sharp, flat, and
irregular with 2.feetof relief. . . . . ¢ ¢ ¢ e et v ettt e v e TErILE

18. Sandy siltstone: grayish-red (10R 4/2); silt to very fine-
grained sand; poorly sorted; composed of clear and stained quartz;
muscovite, biotite, and black accessory minerals; weakly cemented,
calcareous; splits platy and fissile; flat very thin-bedded; weathers
hackly; forms an irregular and covered slope; few current ripple
marks; quiet fluvial environment; base is gradational ..........
Total Upper Member. ¢ ¢« « « « ¢ ¢ e e o oo cvooeeoaa

Middle Member:

17B. Sandstone: pale-red (10R 6/2) to grayish-orange-pink
(10R 8/2); silt to fine-grained sand; fair-sorted; composed of sub-
rounded to subangular, clear and stained quartz; muscovite, biotite,
and black accessory minerals; firmly cemented, calcareous and
siliceous; splits flaggy; very thick-bedded; planer and trough cross-
bedding; medium- to low-angle, medium- to large-scale crossbeds;
secondary quartz; some mudchip pebbles; flat current marks; units
17A and 17B form a large channel which trends southwestward, sand-
stone filling this channel tongues out to the southeast and to the
northwest, channel is 1/4-1/2 mile Wid€. « « v v v v v v v v v oo oo oo

17A. Sandstone: pale-red (10R 6/2); silt to fine-grained sand;
poorly sorted; composed of subrounded to subangular, stained
quartz; muscovite, biotite, and black, green, and blue accessory
minerals; weakly cemented, calcareous; splits flaggy; lenticular
thin- to very thick-bedded; lenticular, planer crossbedding; low-
to very low-angle, large- to very large-scale crossbeds; weathers
blocky; forms an irregular ledge; contains some very thin sand-
stone beds; some rounded knobs; partly banded; flat beds grade
laterally into medium-scale crossbeds; middle half of unit forms
a slope and is finer grained in area 500 feet laterally; unit is mea~
sured on channel; contains odd ball current marks; quiet fluvial
environment; base is sharp and irregular with 3 feet of relief ... ..
Total Middle MemMbeT . o s.c o siew o siie e 256 # 020 s 00 w06 & sin o o8

Lower Member:

16D. Sandstone: grayish-red (10R 4/2) to pale reddish-brown
(10R 5/4); silt to fine-grained sand; poorly sorted; composed of
stained quartz; muscovite and black accessory minerals; weakly
cemented, calcareous; splits flaggy and platy; flat, lenticular, very
thin- to thin-bedded; lenticular, trough crossbedding, low-angle,
medium~ to large-scale crossbeds; pseudocrossbedded; weathers
blocky and hackly; forms an irregular ledge and slope; contains
thin beds of siltstone; current ripple marks; muscovite concentrated
ripple lamination planes; quiet fluvial environment; base is grada-
tional, sharp, and irregular with 1 foot of relief. . . .. ... ... ...

12
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16C. Sandstone and silty sandstone: grayish-red (10R 4/2); Feet
silt to very fine-grained sand; fair-sorted; composed of clear and
stained quartz; muscovite and black and green accessory minerals;
weakly cemented, calcareous; splits shaley and fissile; flat, lentic-
ular very thin- to thin-bedded; pseudocrossbedded; weathers hackly;
forms an irregular slope, flood plain and quiet fluvial environment;
base is gradational. ......... S SR B W BT @ W e e 8.5

16B. Silty sandstone and sandy siltstone: grayish-red (10R 4/2);
silt to very fine-grained sand; poorly sorted; muscovite, gypsum,
and black accessory minerals; weakly cemented, calcareous; pseu-
docrossbedded; current ripple marks . ... eeeecesoceceosos 2

16A. Sandstone and silty sandstone: same as unit 16C; forms a
COVETEd SIOPE & ¢ ¢ e o e o e e oo oo ooeoeessssacsssssscccces 5

15D. Sandstone: pale-red (10R 6/2) to grayish-orange-pink
(10R 8/2); very fine- to fine-grained; fair-sorted; composed of
subrounded to subangular, clear and stained quartz; muscovite,
biotite, and black accessory minerals; splits flaggy; flat and len-
ticular very thin- to thick-bedded; lenticular planer crossbedding;
pseudocrossbedded; low- to very low-angle, large-scale crossbeds;
planer crossbedding, pseudocrossbedded; weathers blocky; forms
an irregular ledge; contains current ripple marks and flat current
marks, current marks 3-4 inches from crest-to-crest; quiet fluvial
environment; baseissharpandflat. . . . o vttt v e et 4

15C. Silty sandstone and mudchip conglomerate: pale-red (10R
6/2) and grayish-red (10R 4/2); silt to very fine-grained sand;
poorly sorted; composed of stained quartz; muscovite, and black
accessory minerals; firmly to weakly cemented, calcareous; splits
platy; bedding is same asunit 15A . ..... ... e 55§ B B b 4

15B. Siltstone and sandy siltstone: grayish-red (10R 4/2); silt
to very fine-grained sand; composed of stained quartz; muscovite
and black accessory minerals; weakly cemented, calcareous; splits
shaley and fissile; bedding is the sameasunit14B ............ 2.5

15A. Sandstone and mudchip conglomerate: grayish-red (10R
4/2); silt to fine-grained sand; poorly sorted; composed of sub-
rounded to subangular, stained quartz; muscovite and black acces-
sory minerals; firmly cemented, calcareous; splits flaggy; crinkled,
flat, and lenticular thin- to thick-bedded; small-scale crossbeds;
weathers blocky; forms irregular ledge; mudchip layers contorted
and broken; quiet fluvial environment; base is sharp and flat. . . ... 8.5

14B. Alternation of sandstone and sandy siltstone: pale-red
(10R 6/2) and grayish-red (10R 4/2); silt to fine-grained with few
medium~-grained sands; poorly sorted; composed of subrounded to
subangular, clear and stained quartz; muscovite and black accessory
minerals; weakly cemented, calcareous; splits platy and shaley;
flat, lenticular very thin- to thin-bedded; pseudocrossbedded; weath-
ers hackly; forms an irregular ledge and slope; sandy siltstone
predominates; contains few thin lenses of material same as unit 15A;
contains ripple marks; secondary quartz; flood plain and tidal flat
ENVITONTAEIL 1 s o wiis o w10 o 8110 6 w016 @ Simw sire siie w siee e e . 13



14A. Silty sandstone: grayish-pink (5R 8/2); silt to very fine-
grained with few fine-grained sands; composed of clear and stained
quartz; muscovite and rare black accessory minerals; weakly ce-
mented, calcareous; splits shaley and fissile; bedding is same as
unit 14B; unit forms a bleached zone, zone is 4 feet thick 200 yards
northof section s s e ses s evsansssn s 0o sciossoiessseeos
Total Lower Member s« swo sos ¢ 66,6 5.0 & & .0.5 s.aiid & 80 ® .65 8.
Total Moenkopi Formation. « « « e e e v e s e e oo s voosecas

UNCONFORMITY: Erosional, essentially flat.
PERMIAN:
White Rim Sandstone Member:

13B. Sandstone: pinkish-gray (5YR 8/1); very fine- to fine-
grained; well-sorted; composed of clear with few stained quartz;
muscovite and green accessory minerals; firmly to weakly ce-
mented, siliceous; splits massive and flaggy; lenticular very thick-
bedded; lenticular trough crossbedding; medium- to low-angle,
large- to very large-scale crossbeds; weathers smooth and blocky;
forms an irregular ledge; some primary slumpage; secondary
quartz; eolian environment; base is sharpandflat. . . . ... .00 u

13A. Sandstone: pale-reddish-brown (10R 5/4) and grayish-
orange-pink (5YR 7/2); very fine- to fine-grained; well to fair-
sorted; composed of rounded to subangular, clear and stained
quartz; muscovite, biotite, and black accessory minerals; firmly
to weakly cemented, siliceous and slightly calcareous; splits mas-
sive; flat, lenticular thick-bedded; low- to very low-angle, large-
scale crossbeds; weathers smooth; forms irregular ledge; unit 13A
appears to intertongue with unit 12B; eolian and fluvial environment;
reworked partly by fluvial action; base is sharp and flat. . .......
Total White Rim Sandstone Member. . . « « « ¢ e e vt e s s o v s ooass

Organ Rock Tongue:

12B. Hoodoo sandstone: the same as the “channels” of 12A; no
SAMPIEE tAKEN 10/ 6 o a0 0 5o & siierin siniie 8 sis & imlie sisie 5 sie w 5iwe wEE .

12A. Silty sandstone: grayish-red (10R 4/2); silt to very fine-
grained sand; poorly sorted; composed of stained quartz; muscovite
and black accessory minerals; firmly to weakly cemented, argilla-
ceous and slightly calcareous; splits massive; flat thick- to very
thick-bedded and structureless; weathers knobby, hackly, and hoo-
doo; forms an irregular cliff, ledge, and slope; variations in the
cementation cause unit to be partly cliff-forming and ledge-forming;
many recesses weather parallel to bedding planes; hoodoos are
channel deposSitS. . c e e e e e e e eceeoease

11E. Sandstone: thesameasunit 11C. . .. ... ¢ v v vt e v e

11D. Sandstone: pale-reddish-brown (10R 5/4); silt to fine-
grained sand; fair to poorly sorted; composed of subrounded to
subangular, stained quartz; muscovite and black accessory min-
erals; weakly cemented, ferruginous and slightly calcareous; splits
platy; beddingisthesameasunit 9A. . .. ...t vttt eeeeoenaan
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11C. Sandstone: grayish-red (10R 4/2); silt to fine-grained
sand; poorly sorted; composed of rounded to subangular, stained
quartz; muscovite and rare biotite, and black accessory minerals;
weakly cemented, calcareous; splits flaggy and platy; lenticular
very thin-bedded; lenticular trough crossbedding; medium- to low-
angle, medium- to large-scale crossbeds; weathers hackly; forms
an irregular ledge and slope; some channels are 6 feet deep; con-
tains organic and raindrop(?) impression indicating shallow water
deposition; quiet and torrential fluvial environment; base is irregu-

JATS 5 665 wa6 % 6.6.% ¢ 6 G P06 F BB BN B Saie ERE G Pe s BE 8

11B. Sandstone: grayish-red (10R 4/2) to pale-reddish-brown
(10R 5/4); silt to very fine-grained with few fine-grained sands;
poorly sorted; composed of stained quartz; muscovite, gypsum, and
black accessory minerals; firmly to weakly cemented, ferruginous,
argillaceous, and slightly calcareous; splits platy and shaley; bed-
dingissameasunit 9A. ... ...ttt ittt it e e noeaanan

11A. Sandstone: grayish-red (10R 4/2); silt to very fine-
grained with few fine-grained sands; fair-sorted; composed of
stained quartz; muscovite and black accessory minerals; weakly
cemented, ferruginous and argillaceous; splits platy; bedding is
same as UNIt 8C. . s svossnssonssccnasoccososscsoessas

10C. Sandstone: pale-reddish-brown (10R 5/4); very fine- to
fine-grained; well- to fair-sorted; composed of rounded to subangu-
lar, stained quartz; muscovite and black accessory minerals; weakly
cemented, ferruginous; splits platy and crumbly; bedding is same as
unit 9A; few calcite geodes + ..o vttt ettt e o

10B. Sandstone: pale-reddish-brown (10R 5/4); very fine- to
fine-grained; well- to fair-sorted; composed of rounded to subangu-
lar, clear and stained quartz; muscovite and black accessory min-
erals; weakly cemented, calcareous; splits platy and shaley; bedding
is same as unit 9A with crossbedding better preserved; niche formed
at contact between units 10A and 10B. . o ¢ v v v 0 et o0 e o e e veennn

10A. Sandstone: grayish-red (10R 4/2) to pale-reddish-brown
(10R 5/4); very fine- to fine-grained; well- to fair-sorted; com-
posed of rounded to subrounded, stained quartz; muscovite and black
accessory minerals; firmly to weakly cemented, ferruginous and
slightly calcareous; splits massive and platy; crinkled, flat and
lenticular very thick-bedded; lenticular, planer and trough(?) cross-
bedding; very low-angle, very large-scale crossbeds; weathers
smooth; forms an irregular ledge and slope; 1/2-foot-thick bleached
zone at base; worm trails, etc., at base of unit; bedding features
poorly developed; current marks; flood plain and quiet fluvial envi-
ronment; base is sharp and flat with 1 foot of relief............

9D. Silty sandstone: grayish-red (10R 4/2) to pale-reddish-
brown (10R 5/4); silt to very fine-grained sand; composed of stained
quartz; muscovite and black accessory minerals; weakly cemented,
calcareous and ferruginous; splits platy and shaley; bedding is same
asunit 8C s as sava saisvs 6 00 s oass

9C. Sandstone: pale-reddish-brown (10R 5/4); very fine-
grained; well-sorted; composed of stained quartz; muscovite and

15

Feet

33

6.5

11

11

18

22

8.5






