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A Subsurface Correlation of Permian-Triassic Strata in
Lisbon Valley, Utah*

RaLpH T. BOHN
Getty 0il Co., Denver, Colorado 80202

ABSTRACT.—The uppermost part of the Permian age Cucler Formation and
the lower part of the Moss Back Member of the Chinle Formation were ex-
amined with the use of cores and outcrop in the area of Lisbon Valley, Urah.
Nine cores and one outcrop section were used to evaluate facies changes in
the Cuter Formation and Moss Back Member of the Chinle Formation.
Cores and outcrop data were also used to describe the unconformity separa-
ting the two units. Facies in the Moss Back Member of the Chinle Forma-
tion are conglomerate, mudstone, arkosic wacke, and calcarcous arkose. These
facies occur as relatively chin units that tend to be laterally extensive and
grade upward from one co another. The uppermost part of the Cutler Forma-
tion appears to be composed of thick beds of sandstone and mudstone that
are laterally extensive. The unconformity separating the Cutler Formation and
the Moss Back Member of the Chinle Formation appears to represent 2 time
of nondeposition with no erosion or subaerial exposure.

INTRODUCTION

This study deals with Permian-Triassic rocks in the sub-
surface and surface outcrop in the area of Lisbon Valley, lo-
cated about 48 km south of Moab in San Juan County, Utah
(fig. 1).

gI propose, through the data presented in this study, to
give an interpretation and description of the facies changes
between cores and outcrop in the Lisbon Valley area. I will
also describe the unconformity separating Permian and Trias-
sic strata in the study area. This study of facies correlations
(fig. 2) was done using hand-sample descriptions (appendix),
and thin-section studies. Standard stains and faunal analysis
were also used as tools in interpretation. Data were gathered
from both cores and outcrops. Cores were obtained from
Amerada Petroleumn Corporation. Wells from which cores
were used are located in sections 17, 20, 25, and 26, T. 29 S,
R. 24 E; section 31, T. 29 S, R. 25 E; and section 5, T. 30
S, R. 25 E (fig. 1). The outcrop section is located in sections
12 and 13, T. 30 S, R. 25 E (fig. 1). Amerada Petroleum
Corporation has also provided logs and drilling data, a list of
which can be found in table 1.
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Previous Work

Geologic work in Lisbon Valley has been carried out as a
part of general geologic investigations of the Colorado
Plateau and Paradox Basin. The history of geologic in-
vestigation of the Chinle Formation is documented by Stew-
art et al. (1972). The first major surveys were conducted
from 1860 to 1890 by Wheeler, Hayden, King, and Powell.

Powell recognized four major groups in the Triassic and Ju-
rassic, one of which was the Shinarump Group which. includ-
ed what has now been defined as the Chinle Formation. The
Chinle Formation and its four members were formally named
and defined in the period from the Powell survey to 1920.
Uranium exploration from 1950 to the early 1960s brought a
flurry of geologic activity in the Colorado Plateau and in Lis-
bon Valley. During this time many studies were undertaken
to define the stratigraphic relationships of uranium-bearing
formations. Mesozoic formations exposed in Lisbon Valley
were mapped by Weir et al. (1955a, 1955b, 1956, 1957a,
1957b, 1958, and 1959). '

GEOLOGIC SETTING

Lisbon Valley lies in the central part of the Paradox Ba-
sin (fig. 3) within the Colorado Plateau physiographic pro-
vince. The formations that crop out in this area range in age
from Permian to Cretaceous (Weir and Puffett 1958; Lekas
and Dahl 1956).

Stratigraphy

Stratigraphy of the lower Paleozoic and Precambrian in
the Paradox Basin is not well documented because of the
limited subsurface control. Precambrian rocks are igneous and
metamorphic. Cambrian was a time of marine transgressions
over the Precambrian surface. Deposits of this period were
beach sands, laid down by the advancing sea, and shelf carbo-
nates. Ordovician- and Silurian-age rocks are not preserved in
the Paradox Basin area. Lack of these rocks documents a pe-
riod of regression and regional uplift. Late Devonian and
Mississippian history was similar to Cambrian history and
documents another transgression of the sea. A period of ero-
sion ended the Mississippian and signified the start of a new
tectonic regime.

Formation of the Paradox Basin began in early Desmoi-
nesian time. The major uplift shedding clastics into the basin
was the Uncompahgre-San Luis uplife. Of lesser importance
were the Emery, Kaibab, and Zuni-Defiance uplifts (fig. 3).
All were part of the ancestral Rocky Mountain orogeny. The
present Uncompahgre uplift is a fault-bounded block cored
by Precambrian and igneous rocks. Vertical faults with more
than 6,150 m displacement, as indicated by the clastic wedge
on its flanks, bound the Uncompahgre.

Sediments in the Paradox Basin generally thicken towards
the Uncompahgre Uplift and thin to shelf carbonates toward
the other uplifts of Pennsylvanian time. The oldest formation
of Pennsylvanian age in the Paradox Basin is the Molas For-
mation (fig. 4), which consists of a clastic redbed sequence
of brown to variegated siltstone, waxy red shale, calcareous
sandstone, and some gray to reddish buff limestone and con-
glomerate (Wengerd and Matheny 1958). The Molas repre-
sents the first sediments deposited in the subsiding Para-

*A thesis presented to the Department of Geology. Brigham Young University, in parcial fulfillmenc of the requirements for che degree Master of Science, Auguse 1977: James L. Baer, thesis chairman,
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TABLE 1

§

LOGS AND DRILLING DATA PROVIDED BY THE AMERADA PETROLEUM CORPORATION

Well Location Cored Incerval Thickness Type of Log
No. (section) (in mercers) Cored (meters)
1 17 +1245-+1222 23 Gamma
2 17 +1239-+1209 30 Gamma, Neutron
3 17 +1259-+1238 21 Gamma, Resistivity
4 17 +1271-+1248 23 Gamma, Resistivity
5 20 +1299-4+1275 .24 Gamma, Resistivity
Self-Potential
6 26 +1259-+1216 43 Gamma
7 25 +1196-+1166 30 Gamma, Neutron
8 31 +1363-+1267 96 Gamma
9 5 . +1249-+1226 23 Gamma, Neutron
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FIGURE 1.—Index map showing study area and location of cores.
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dox Basin. Overlying the Molas Formation is the Pinkerton
Trail Formation (fig. 4), which is composed of fossiliferous
limestone and dolomite interbedded and underlain by dark to
light-gray silty shale (Clair 1958) and shows a continuation
of the tectonic style observed in the Molas Formation. Over-
lying the Pinkerton Trail Formation is the Paradox Forma-
tion (fig. 4), a cyclic deposit consisting of several members.
The lower member is composed of anhydrite, dark-gray shale,
gray dolomite, and cherty limestone. The middle member is
composed of interbedded salt, black shale, black calcareous
siltstone, gypsum, anhydrite, and dolomite in the middle of
the basin, which grades shelfward into biohermal-biostromal
dolomitic limestone (Wengerd and Matheny 1958, Clair
1958). Toward the Uncompahgre, the Paradox Formation
grades into or intertongues with an arkosic sandstone, com-
posed of eroded material from the uplift. The Paradox For-
mation shows deposition in a restricted basin with a stable
shelf to the south and west, and a fault-bounded block (Un-
compahgre) uplifted on the northeast. The sale deposits of
the middle member of the Paradox Formation form salt anti-
clines and have a local effect on deposition from Pennsylva-
nian through Triassic time. The Lisbon Valley fault and anti-
cline are the result of this salt movement (Kelley 1955). The
upper member of the Paradox Formation is much like the
lower member and represents a change to a basin with 2 nor-
mal marine environment (Wengerd and Matheny 1958).
Overlying the Paradox Formation is the Honaker Trail For-
mation which is composed of biohermal dolomites (fig. 4).

Chinle Formation

Calcareous Sandstone

[ ]

Sandstone

Conglemerate

Mudstone

FIGURE 2.—Generalized fence diagram based on the nine cores taken.

Cutler

— — Inferred lithologic boundary

.—1—1 Intertonguing boundary
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Northeast near the Uncompahgre, the Honaker Trail Forma-
tion is composed dominantly of coarse micaceous and arkosic
sandstone. The Honaker Trail Formation represents the be-
ginning of rapid uplift of the Uncompahgre and the change
in basin deposition from shales, evaporites, dolomites, and
limestones to coarse arkosic sandstones. The Permian is char-
acterized by a change from marine-clastic deposition to sub-
aerial clastic deposition. The Cutler Formation in the Paradox
Basin consists of more than 2400 m of coarse arkose and
conglomerate adjacent to the Uncompahgre uplifted block.
The formation thins southeast to 520 m of arkosic sandstone
intertongued with shale and some limestone. The Cutler For-
mation represents a time of rapid uplift of the Uncompahgre,
shedding a volume of sediment great enough to fill the sink-
ing Paradox Basin. The Triassic system in the Paradox Basin
is represented by the Moenkopi and Chinle formations and
part of the Glen Canyon Group. The Moenkopi Formation,
which unconformably overlies the Cutler Formation, consists
of red shales, siltstones, and sandstones (Robeck 1958). The
Moenkopi Formation is not found in Lisbon Vailey. Units of
the Chinle Formation unconformably overlie Permian rock in
the Lisbon Valley area (Weir and Puffett 1958). The Chinle
Formation has been divided into Temple Mountain Member,
siltstone, mudstone, and conglomerate; Shinarump Member,
sandstone and conglomerate; Monitor Butte Member, pre-
dominantly mudstone, claystone, sandstone; Moss Back Mem-
ber, mudstone, siltstone, sandstone, and conglomerate; Petri-
fied Forest Member, claystone, mudstone, siltstone, and

Formation

Calcareous Sandstone
Sandstone

Mudstone

.5 kilometers

Unconformity 3 meters

Litholegic boundary 2

1

.5 kilometers
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TABLE 2
CORE COMPOSITION
Depth of .
Core Sample in Mineral Composition Matrix Cement
" Formation No. Meters Percent % Rock Type
Quartz Feldspar Mica
- g w
5 & £ g
g g9 g 7
. g 2 =
3 g 3
Chinle 6 841.33 49 30 6 2 10 36 ackosic wacke
Chinle 4 759.92 64 22 2 8 2 36 arkosic wacke
Chinle 6. 852.16 54 32 2 6 6 30 calcareous arkose
Chinle 6 835.47 58 28 2 4 8 25 arkosic wacke
Chinle 9 783.41 52 32 0 10 6 30 calcareous arkose
Chinle 8 769.61 50 28 2 8 12 20 calcareous arkose
Chinle 7 847.31 49 27 4 8 12 70 sandy mudstone -
Chinle 2 787.30 50 36 8 2 4 29 conglomerate
Chinle 5 746.86 52 4 6 5 3 34 conglomerate
Cutler 8 82295 58 2 0 8 12 41 calcareous arkose
Cutler 1 79665 - 54 30- 0 8 8 32 calcareous arkose
Cutler 3 805.85 - 56 32 4 6 2 30 arkosic wacke -
Cutler 1 791.15 60 30 0 10 0 38 arkosic wacke
Cutler 3 804.19 58 .29 3 8 2 sandy limestone
= Mancos Shale 120 ::‘ sh, ¢g
G Dakota Sandstone 100
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FiGURE 3.-Map of Lisbon Valley showing relative positions of surrounding

formations.

FIGURE 4.-Stratigraphic column.
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sandstone; Owl Rock Member, predominantly siltstone and
limestone; and Church Rock Member, siltstone and sand-
stone. In Lisbon Valley the Moss Back Member overlies the
Permian Cutler Formation (Stewart et al. 1972).

The Glen Canyon Group makes up the Triassic and
Lower Jurassic rocks that crop out in Lisbon Valley (fig. 4).
Formations in the Glen Canyon Group are the Wingarte
Sandstone, 2 dominantly windblown sandstone unit, the clas-
tic and carbonate facies of the Kayenta Formation, and the
Navajo Sandstone. The San Rafael Group of Jurassic age in
Lisbon Valley consists of the Carmel Formation, Entrada
Sandstone, and Summerville Formation. The Morrison Forma-
tion, consisting of the Salt Wash Member and the Brush Ba-
sin Member, was the last Jurassic formation deposited in the
Lisbon Valley area.

Cretaceous deposits, Dakota Sandstone and Mancos Shale
(Wright and Dickey 1958), are the youngest consolidated
units found in the Lisbon Valley area.

Structure

Lisbon Valley lies in the Paradox fold-and-fault belt, 2
tectonic region dominated by northwest-trending folds and
faults (Kelley 1955). Fold structures in Lisbon Valley are the
Lisbon Valley anticline and the Disappointment syncline. The
anticline’s southwest flank dips 8°, and the northwest flank
dips 6° into the Disappointment syncline (Lekas and Dahl
1956, Weir and Puffett 1958). The Lisbon Valley faulr, one
of the major faults in the Paradox fold-and-fault belt, faults
the Lisbon Valley anticline and has a2 maximum displacement
of 1220 m which decreases toward the nose of the anticline.
The fault dips approximately 60° northeast and is broken
along a single surface in the central part of the structure buc
branches and becomes a fault zone at the nose of the anti-
cline (Lekas ad Dahl 1956).

Lisbon Valley has been affected greatly by salt movement.
Both fold structures and faulting are the direct result of
movement.

CUTLER STRATIGRAPHY

The Cutler Formation is the oldest penetrated by the
cores used in this study. Penetration into it ranged from 3 m
to 26 m. The upper 7.5 m of the Cutler Formation were
measured in outcrop. Rock types found in the cores were
sandstone and mudstone with minor lenses of limestone. The
outcrop section consisted of sandstone and shale. No fossils
were found in the samples examined.

Sandstones

Two lithologically distinct sandstone types made up the
major part of the Cutler Formation that I observed. In ac-
cordance with the classification of Pettijohn (1975), the two
types of sandstones are calcareous arkose and arkosic wacke.

Calcareous arkose (fig. 5)

Color ranges from medium to dark red-brown, with some
white patches and dark gray bands. Grains range in size from
0.5 mm to 0.1 mm with the most abundant grain size being
0.125 mm. Subangular grains dominate. Cutler Formation ar-
koses have a typical mineral composition of 54-58 percent
quartz, 22-30 percent potassium feldspar, traces of plagioclase
feldspar, and 16-20 percent muscovite and biotite (table 2).
Mica flakes show a preferred orientation with their basal sur-
faces parallel to the bedding. The dark red-brown and dark
gray bands which are unevenly spaced through the cores are

composed of micaceous mudstone and range in thickness
from 1 mm-2 cm. The cores tend to break along these dark
bands, usually exposing a surface with abundant mica flakes.
The attitude of these bands varies from horizontal to about
30° and is the only bedding observed in the cores. Only hor-
izontal bedding was observed in the outcrop section; how-
ever, a small channel deposit about 1 m thick and 6 m
across was observed a shorc distance laterally from the out-
crop section.

Calcareous arkose samples are cemented by sparry calcite
and dolomite, which range from 32-40 percent of the bulk
composition of the samples for which an analysis was done.
Dolomite rhombs are found in bands 1-2 ¢m thick in a spar-
ry calcite cement in about one-third of the samples exam-
ined. These bands appear to be the result of secondary do-
lomitization of the dark-colored mudstone bands. The red
coloring dominant in most samples is the result of red stain
in the cement, probably from ferric oxide. Stain is darkest at
the contact between grains and cement. Whirte areas do not
differ from red areas in composition but could have resulted
from leaching by HyS and carbonate waters (Keller 1953).

Arkosic wacke (fig. 6)

Color ranges from light to dark red-brown with white
patches, and dark red-brown and dark gray bands. Subangular
grains, which compose 30-38 percent of the bulk composition

° Z

FIGURE S.—Curtler Formation calcareous arkose, medium grained; mottled,
white, lavender, and red; grains are quartz, feldspar, and mica; thin
mudstone lenses; sparry calcite cement. Photo 1.-Depth 807.25 m in
well 3. Photo 2.—Depth 852.16 m in well 6.
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of the samples for which detailed analysis was done (table 2),
are composed of 56-60 percent quartz, 30-32 percent potas-
sium feldspar, 0-4 percent plagioclase feldspar, and 8-10 per-
cent muscovite and biotite. As in the calcareous arkoses,
micas are abundant in the dark bands, which also contain
mudstone, calcite, and dolomite. Dark bands appear to be
more numerous in the arkosic wacke units than in the cal-
careous arkose units.

Percent of matrix ranges from 30 to 40, dominantly silt
and clay with the dominant matrix materials, calcite and
dolomite in varying quantities through the units, but never
more than 15 percent of the matrix. The red-brown stain
found in the arkosic wacke units is evenly spread through
the mudstone matrix, except for the leached areas, and is the
result of the same process as that in the calcareous arkose
units,

Cross-bed sets, commonly 5 cm thick or less, are found
in about half the samples. The only other bedding found is
that shown by the dark bands.

Mudstones
Mudstone makes up less than 40 percent of the total
Cutler Formation section in the cores examined. However,
locally, mudstone may dominate, as in core 5 (fig. 2). Two

FIGURE 6.—-Cutler Formation arkosic wacke, fine grained; dark red with light-
er red and white bands; mudstone matrix. Photo 1.—Depth 806.15 m
in well 3. Photo 2.-Depth 796.65 in well 1.

different mudstone lithologies were observed in the cores ex-
amined (fig. 7).

Sandy Mudstone

The sandy mudstone is dark red-brown with white patch-
es and gray-green bands. The dominant mineral grains are
subangular 0.2 mm to 0.02 mm quartz, potassium feldspar,
plagioclase feldspar, muscovite, and biotite. Sparry calcite
stringers, as well as thin bands of calcite and dolomite
rhombs, are found as minor components of the sandy mud-
stone units. Calcite and dolomite compose less than 10 per-
cent of the sandy mudstone units.

Parting is shown in thin bands containing abundant
mica. Cross-bedding is found in about half the samples exam-
ined. Rounded and flattened clasts of mudstone are found
within several mudstone units and probably represent rip-up
clasts. The red coloring of the mudstone unit is interpreted
as the result of the processes that formed the color in the
sandstone units.

Mudstone

The mudstone units are dark red-brown with white
patches and very dark red-brown and dark gray-green bands.
The micas tend to be concentrated in the dark bands and
show parting. Small scale cross-bedding, 10 cm and less, is

FIGURE 7.-Photo 1.—Chinle Formation sandy mudstone, dark red-brown with
light gray bands; convolute bedding. Depth 789.26 in well 3. Photo
2.-Cutler Formation calcareous mudstone, dark red with light gray
patches. Depth 804.44 in well 3.
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found in about half the samples examined. Calcite is found
as sparry stringers and crystalline cement.

A continuous sequence from mudstone to sandy mud-
stone to arkosic wacke exists in the cores examined, reflect-
ing possible changes in the energy of deposition.

Sandy Limestone

One limestone unit 50 c¢m thick, composed of 70 percent
calcite and dolomite, was found in well 3. The unit is sandy
and sparry. Detrital mineral grains were subrounded 0.12 mm
and less, consisting of 58 percent quartz, 29 percent potas-
sium feldspar, 3 percent plagioclase feldspar, 8 percent musco-
vite and 2 percent biotite. The limestone unit appears to be
the result of alteration of a sandy mudstone unit (fig. 8).

CHINLE STRATIGRAPHY

The Moss Back Member of the Chinle Formation overlies
the Cutler Formation with no detectable angular discordance
in the study area. Three major lithologic types were observed
in the Moss Back Member; sandstone, mudstone, and con-
glomerate. The cored interval of the Moss Back Member
used in this study is shown in figure 9. No identifiable fos-
sils were found in the sandstone and mudstone units studied.

Ficure 8.—Cutler Formation sandy limestone; quartz feldspar and mica
gnins; dolomite thombs; calcite cement; dolomite thombs are pootly
preserved and occur in bands. Photos 1 and 2.-Depth 772.89 in well
4.

One sample of conglomerate which conrtained fossils will be
discussed in the section on conglomerates.

Sandstone

Sandstone is the dominant lithology in about half the
cores examined (fig. 2). Two lithologically distinct sandstone
types were observed. These are calcareous arkose and arkosic
wacke (Pettijohn 1975).

Calcareous arkose (fig. 10)

Color in the calcareous arkose units is light to medium
gray with dack gray-green bands. Mineral grains range in size
from 0.06 mm to 0.5 mm, with 0.l mm to 0.25 mm size
dominating. Grains are angular to subangular, becoming
rounded as grain size increases. Mineral composition of the
units consists of 50-54 percent quartz, 28-32 percent potas-
sium feldspar, 0-2 percent plagioclase feldspar, and 12-20 per-
cent muscovite and biotite (table 2). Mica content is highest
in the dark bands which also have abundant mudstone as
matrix material. Carbonaceous material, occurring in thin
plates to 2-cm bands, and pyrite are found in most samples.
Pyrite is never found except in association with carbonaceous
material in the samples examined.

Horizontal bedding and cross-bedding, with cross-bed sets
20 c¢m and smaller, are the two most common bedding types
found. Also a common occurrence is bedding that appears to
dip at an angle of 30°. This could be the result of large-scale
cross-bedding. Graded bedding and convolute bedding are
common, and load structures and ripple marks were found in
a few samples. Climbing ripples were found in one sample.

The calcareous arkose units are cemented by sparry calcite
and dolomite, which ranges from 20-30 percent of the bulk
composition of the units. The cement completely surrounds
grains in the coarser units, but not in most of the finer-
grained ones.

Arkosic wacke (fig. 11)

Arkosic wacke units are light gray with dark gray-green
bands. Grains range from 0.06 to 0.2 mm in diameter and
are composed of 49-60 percent quartz, 22-30 percent potas-
sium feldspar, 2-6 percent plagioclase feldspar, and 10-12 per-
cent muscovite and biotite (table 2). Micas are abundant in
the dark bands. Carbonaceous material and pyrite are present
in most samples. Carbonaceous material is found as black
slivers to S-mm-thick bands.

Cross-bedding, with sets 5 c¢m and less, and horizontal
bedding are again dominant bedding types. Also abundant
are beds dipping at about 30° which probably represent large-
scale cross-bedding. Also found in some samples are ripple
marks, load structures, and convolute bedding.

Grains are surrounded by a silt and clay matrix with mi-
crocrystalline calcite and dolomite. The matrix comprises 25-
30 percent of the bulk composition of the arkosic wacke
units. Calcite and dolomite make up less than 10 percent of
the matrix. Some sparry calcite and dolomite are found in
fractures, mainly in the carbonaceous material.

Mudstone
Two types of mudstone were found in the cores exam-
ined. These are sandy mudstone and .mudstone. A contin-
uous sequence of rock types exists fom sandstone to sandy
mudstone to arkosic wacke (fig. 7).

Sandy Mudstone
Color in the sandy mudstone units is dark gray to green-
gray, with minor dark red-brown in some samples. Mineral
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grains consist of 0.1 mm to 0.06 mm subangular quartz, 49
percent; potassium feldspar, 27 percent; plagioclase feldspar; 4
percent; muscovite and biotite, 20 percent. Also found in
some sandy mudstone samples are mudstone intraclasts which
are well rounded and, in some cases, flattened. Carbonaceous
material with occasional pyrite is found, but only in minor
amounts. Convolute bedding is the main type found. Less
common sedimentary structures are slump structures, ripple
marks, cross-bedding, and horizontal bedding. When samples
were washed, they broke into fragments that resembled “pen-
cil shale.”

Microcrystalline calcite and dolomite are found in smiall
quantities in some samples. Some stringers of sparry calcite
and dolomite were found.

Mudstone

Mudstoné units are gray to dark gray-green with some
samplés showing a dark red-brown color. Samples examined
contain muscovite and biotite flakes and mudstone intraclasts
that are well rounded and flattened. Minor amounts of car-
bonaceous material and pyrite were also found disseminated
throughout the samples with some sparry ‘stringers.

The major sedimentary struéture found is convolute bed-
ding. Less numerous types found include ripple marks, cross-
bedding, and slump structures. After washing, some samples
broke into fragments resembling “pencil shale.”

Conglomerate

Two types of conglomerate were distinguished; however,
the mineral composition is very similar (table 2) and charac-
teristics are similar. The only observable difference is in the

Chinle Formation

L

Cutler Formation

Lost core

Segment expanded below

Cored interval

on structural datum

S
il

Triassic

shape of the mudstone clasts, ie., rounded or flactened.
Therefore, the descriptions given below will include both.

Mudistone Conglomerate (fig. 12)

Color in the mudstone conglomerate varies with clast
type from light to medium gray. Clasts range in size from 7
cm to 2 mm, with an average size ranging from 2 to 4 cm.
Clasts are generally well rounded, but some angular ones are
found. Both flattened and spherical clasts are found and can
occur in the same sample. Flattened clasts dominate slightly
over spherical ones. Clasts are composed of mudstone with
lesser amounts of claystone, sandstone, and limestone. Mud-
stone and claystone clasts are the only ones that occur flat-
tened. Two types of mudstone clasts are found. The most
abundant type is light gray with abundant 0.1 mm to 0.06
mm grains. These mudstone clasts appear to have the same
composition as the sandy mudstone units previously de-
scribed. The second type of mudstone clast appears to be of
the same composition as the previously described mudstone
units.

Mineral grains are found between the clasts in all but a
few of the samples examined. Grains are subangular to
rounded, the degree of roundness increasing with grain size,
and range from 0.06 mm to 1 mm. Mineral types are quartz,
50-52 percent; potassium feldspar, 34-36 percent; plagioclase
feldspar, 6-8 percent; muscovite and biotite, 6-8 percent. Car-
bonaceous material is found in beds as thick as 2 ¢cm but is
commonly found as thin plates and slivers.

Bedding types found consist of cross-bedding, graded bed-
ding, and convolute bedding.

Cement in all samples is sparry calcite and dolomite,
which composes from 30-40 percent of the bulk composition

Permian

20 moters H

FIGURE 9.-Diagram of cores, showing the Moss Back Member of the Chinle Formation and the Cutler Formation.
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of all samples studied except in core 9. Individual calcite and
dolomite grains range in size from 1 mm to 0.05 mm. Core
9 (fig. 2) has the smallest cement grains and was the only
core that had an abundant silt and clay matrix, ranging from
10-20 percent. This core also contained more dolomire as ce-
ment than the other cores. Sparry calcite and dolomite are
also found in fractures in the carbonaceous material and in
the center of many mudstone clasts.

Fossils found are leaf imprints in the carbonaceous mate-
rial and gastropods. The leaf imprints were not identifiable.
The gastropods are in mudstone clasts that have undergone
transport and cannot be positively linked with the formation
under study.

Interbedded conglomerate and sandstone are found in
some cores. These occur in thin, less than 15-cm, beds of al-
ternating conglomerate and sandstone. The lithologies are as
described under calcareous sandstone and mudstone con-
glomerate. These units are an example of graded bedding.

Outcrop units described as the measured section (appen-
dix) follow the lithologic descriptions given for the sub-
surface units.

STRATIGRAPHIC CORRELATION
Correlation of strata between cores 1-5 and 6-9 is good

FIGURE 10.—Chinle Formation calcareous arkose, fine to medium grained;
light gray with some darker bands, cross-bedding, and ripple marks.
Photo 1.-Depth 788.38 m in well 3. Photo 2.—-Depth 759.92 in well
4.

(fig. 2). However, between cores 4 and 6, 2 gap of 6000 m
exists where no data is available. Therefore, the correlations
shown in figure 2 and discussed below are somewhat uncer-
tain between cores 4 and 6. Correlation of the surface and
subsurface data was not attempted in figure 2 because of the
distance involved and the lack of good exposures at the out-
crop. However, general comparison will be used berween sur-
face and subsurface dara in the following discussion.

In cores 1-5, core 3 was chosen as the one from which
correlations to the other four will be made. A detailed de-
scription of the lithology found in core 3 is given in the ap-
pendix. Although no thin sections were obtained across the
unconformity in cores 2-5, a study of the strara directly over-
lying and underlying it indicates it is a distinct boundary.
The unconformity is recognized in both outcrop and core by
the change in color from the light grays found in the Moss
Back Member of the Chinle Formation to the red-brown of
the Cutler Formation. Also distinctive in the cores and out-
crop studied is the lack of conglomerate and carbonaceous
matter in the Cutler Formation. The Moss Back Member of
the Chinle Formartion and the Cutler Formation in the study
area have very similar types of sedimentary structures and
mineral compositions (table 2). In each case in cores 2-5, the
core broke at the place where the unconformity was in-

FIGURE 11.—Chinle Formation arkosic wacke, fine grained; light gray wich
dark bands; ripple marks. Photo 1.-Depth 790.65 m in well 3. Photo
2.-Depth 822.95 in well 8.
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dicated. However, upon examination of the broken ends of
the core, no weathered surface or paleosoil could be found.
Underlying the unconformity in wells 2, 3, and 4 is a cal-
careous arkose that varies in thickness from 20-63 cm. In
well 1, the Cutler Formation underlying the unconformity is
composed of 811 cm of arkosic wacke. In core 5 a sandy
mudstone unit 944 ¢m thick underlies the unconformity. At
the outcrop section the Cutler Formation directly underlying
the unconformity is mostly sandstone; however, in one place
a mudstone unit that appears to be the result of filling of a
small channel, about 6 m wide and 1 m deep was
found.However, this mudstone unit cannot be definitely
placed in the Cutler Formation and might represent the ero-
sion and filling of channels by the stream that deposited the
Moss Back Member of the Chinle Formation. Overlying the
Permian-Triassic unconformity in wells 2 through 5 are cal-
areous arkosics of the Moss Back Member of the Chinle
Formation, that range in thickness from 7 cm to 140 cm. Al-
though similar in composition (table 2) to arkose units in
the Cutler Formation, the calcareous arkoses overlying. the
unconformity do not appear to be the result of erosion of
the Cutler Formation.

The stratigraphic sequence found in cores 1-5 is shown
on the generalized fence diagram in figure 2. The Cutler For-

FIGURE 12.—Chinle Formation conglomerate; clasts 4 cm and smaller, mud-
“stone; black areas are organic matter with calcite fracture filling; calcite
cement. Photo 1.—Depth 745.68 m in well 5. Photo 2.-Depth 766.51
in well 4.

mation studied in cores 1-5 changes from a mudstone-domi-
nated facies in cores 3 and S to one dominated by calcareous
arkose in cores 1, 2, and 4. A lens of sandy limestone occurs
in core 3 that cannot be correlated to any other of the sur-
rounding cores. As stated in the previous section on strati-
graphy, the sandy limestone units appear to be the result of
secondary calcite and dolomite infilling. Other cores have
units with a high percentage of calcite and dolomite cement,
but it does not exceed 41 percent of the total composition of
the rock. The Moss Back Member of the Chinle Formation
as scen in cores 4 and 5 is dominated by three conglomerate
units with minor calcareous arkose and mudstone units. In
core 3 the upper conglomerate unit has pinched out, and in
its place are found two thin mudstone units that thicken
northward to core 2, a calcareous arkose unit that continues
to core 2, and an arkosic wacke unit that pinches out be-
tween cores 3 and 2. The two lower conglomerate units are
found in cores 2-5, but thin from a maximum of 274 cm
and 184 c¢cm in core 5 to 80 cm and 74 cm in core 2. Con-
glomerate units grade upward into sandstone units that in
most cases overlie the conglomerate. In core 4 the lower con-
glomerate unit has several interbedded calcareous arkose len-
ses that exhibit graded bedding. Above the Permian-Triassic
unconformity about 7 ¢m in core 3 is found a conglomerate

FIGURE 13.-Cudler and Chinle formations. Unconformity is in center of both
top and bottom photographs. Depth 822.85 in well 8.
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lens that appears to grade laterally into mudstone in cores 5
and 2. The change in the overall character of the cores from
coarser grained in cores 4 and 5 to finer grained in core 2,
with core 3 being about halfway through the transition, in-
dicates a decrease in the energy of the depositional medium.
In cores 6 through 9, correlations appear to be good, al-
though the distance between cores is greater than between 1
and 5. A description of core 9 is given in the appendix. Core
9 is used because it is complete. The Permian-Triassic uncon-
formity is shown in figure 13. Core 8 was the only core in
which the section of the core containing the unconformity
was found intact. Examination of the section of the core
containing the unconformity before it was cut revealed a
sharp contact with no indication of weathering and no paleo-
soil development. The contact appeared to have a thin (less
than 0.5 mm) stringer of calcite between the two formations.
When the section of the core containing the unconformity
was cut, the core broke and was put back together with
epoxy. The epoxy holding the pieces of the core together is
the black band running across the photomicrograph in figure
13. The only indication that possible weathering action took
place along the unconformity is the 1- to 2-cm band of red-
brown color that appears to be lighter than the color imme-
diately below it. Cores 6 and 9 broke along the unconformity
before I examined them. From examination, however, I con-
cdude that they are similar to core 8. The core from the in-
terval directly above the unconformity in core 7 was not re-
covered. The Cutler Formation in cores 6 through 9 consists
of a calcareous arkose unit directly underlying the uncon-
formity which is underlain by a mudstone unit. Core 8,
which penetrated 28.01 m, of which 12.66 m were recovered,
of the Cutler Formation consists of alternating arkose, arkos-

ic wacke, mudstone, and sandy mudstone. Cores 6, 7, and 9.

did not penetrate the Cutler formation as far as core 8.
Therefore, no extensive comparison can be made.

Correlation of the Moss Back Member of the Chinle For-
mation in cores 6-9 is made difficult by the 488 c¢m of core
missing above the unconformity in core 7. The missing part
of core 7 probably consists of a thin conglomerate unit di-
rectly overlying the unconformity as is found in cores 6 and
8 Core 9 has a 29.2-cm calcareous arkose unit directly over-
lying the unconformity. Core 9 has six conglomerate units
ranging from about 6 cm to 149 cm thick that appear to be
correlative with conglomerate units in cores 6, 7, and 8. Con-
glomerate units are thickest in cores 6 and 9, and thin to
cores 7 and 8. Core 6 has several conglomerate units that ap-
pear to interfinger with calcareous arkose units in core 7.
Core 9 contains several arkosic wacke units that are correla-
tive with arkosic wacke units in core 8 and appear to inter-
finger with calcareous arkose units in core 7. Two other ar-
kosic wacke units found in the lower part of core 9 appear
to interfinger with mudstone units found in core 8. The up-
per part of core 7 is dominated by calcareous arkose units in
core 6. A mudstone facies dominates the lower parts of cores
7 and 8 but thins in core 6, where conglomerate appears to
replace it, and 9, where it interfingers with arkosic wacke
units.

In several parts of cores 6-9 conglomerates and arkosic
wacke or calcareous arkose units are interbedded. The units
typically are 6 to 20 cm thick and show graded bedding from
conglomerate to sandstone. Also abundant in interbedded
units are ripple marks and cross-bedding.

The depositional environment of cores 6-9 appears to
have decreased in energy from cores 6 and 9 toward cores 7
and 8; at least in the lower part of the cores. The upper

parts of cores 6-9 appear to show an increase in energy of
the depositional environment.

The large distance between cores 4 and 6, as shown in
figure 2, is dominated by conglomerate facies. The con-
glomerate units appear to thicken and coalesce in core 4
while thinning and interfingering with sandstone units in
core 6. However, because the distance between cores 4 and 6
is greater than the distance between cores 1-4 or cores 6-9,
the correlations given are not as reliable as the other correla-
tions.

An overall analysis of the cores studied suggests that rela-
tively thin, but lacerally extensive units of conglomerate and
mudstone extend throughout the study area, while arkosic
wacke and (to a lesser extent) calcareous arkose units occur
as lenses in the Moss Back Member of the Chinle Formation.
The Cutler Formation, in the cores examined, appears to
consist of relatively thick and laterally extensive sandstone
and mudstone units. Analysis of the mineral content of the
Moss Back Member of the Chinle Formation and the Cutler
Formation in the cores studied indicates that they do not
differ significantly. However, as was stated in the discussion
of the Permian-Triasic unconformity and the strata directly
overlying it, the Moss Back Member of the Chinle Formation
does not appear to consist of components that were eroded
from the Cutler Formation. The similarity between the min-
eral components of the Cutler Formation and of the Moss
Back Member of the Chinle does indicate that the source of
the two units was the same.

The nature of the Permian-Triassic unconformity in the
study area is indicated by the lack of any signs of erosion or
paleosoil development and the sharpness of the boundary.
The features just stated indicate that the study area was one
of nondeposition during the Lower Triassic. Whether this
area of nondeposition was subaerial or subaqueous is not
clear. Because no soil or erosional surface developed along
the unconformity, it would appear that the area was sub-
merged. This supposition, however, may be inconsistent with
the fluvial depositional environment ascribed to the Cutler
Formation, at least in the upper part, and to the Moss Back
Member of the Chinle Formation.

APPENDIX

Measured Section

Sections 12 and 13, T. 30 S, R. 24 E, 100 m south of Mivida mine and
50 m north of an unnamed mine encrance, San Juan County, Utah. Beds
strike 10 NE and dip 11°.

Thickness Running

Unit Description in cm Total

1 Calcareous arkose: light gray-red, weathers 370 370
dark red; fine grained; bedding 2 mm o 20
cm chick, some cross-bedding; quartz, mica,
and feldspar grains; ledge former; calcite
cement

2 Conglomerate: clasts 5 mm and less; clasts 61 431
are sandstone and mudstone; well rounded;
weathers red: beds thick and thin along
strike

3 Calcareous atkose: light gray, weathers dark 91 522
red; fine grained; quarrz, mica, and feldspar
gnins; bedding 2 mm to 20 ¢m thick, cross-
bedding, slope former; calcite cement

4 Conglomerate: clasts 1 cm and less, 150 762
sandstone and mudstone; well rounded;
weathers red; ledge former
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6
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0

—
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Unit
1

2

3

4

Calcareous arkose: light gray weathers red-
brown; medium grined; quartz, abundant
mica, feldspar, and mudstone clasts; bedding
2 cm and less thick; mudstone layers
between beds weather faster than sands;
some otganic matter; slope former

Conglomerate: clasts 4 cm and less;
weathered surface red-brown, some cross-
bedded sandstone lenses; lower one-third
poorly cemented, upper two-thirds well
cemented, ledge former

Covered, probably sandy shale

Arkosic wacke: light gray-green weathers red-
brown, fine grmined; quartz, mica, feldspar,
and flattened mudstone clasts; organic
matter; poorly cemented; slightly calcareous;
slope former

Arkosic wacke: light gray-green, weathers
red-brown; very fine grined; argillaceous;
quartz, mica, and feldspar; flattened mud
clasts 3 cm and less; organic matter; bedding
1 ¢m to 20 cm thick; poorly cemented;
slope former

Calcareous arkose: light gray with dark
bands, weathers dark red-brown; fine grained;
quartz, abundant mica, and feldspar; organic
matter; bedding 4 cm and less cthick; some
cross-bedding; slope former '

Calcareous arkose: light gray-green, weathers
dark red-brown; fine grained quartz, mica,
and feldspar; organic matter; cross-bedded;
ledge former, calcareous. ‘

Mudstone: gray-green, rock fragments 4 cm
and less; unit lenses out along strike

Calcareous arkose: dark red-brown, same on
weathered surface; medium grained; quarez,
mica, and feldspar, calcarepus cement, ledge
former

Shale with interbedded .calcareous arkose:
shale dark red, weathers fissile; arkose; dark
red weathers same; medium grained; quartz,
mica, and feldspar; calcareous cement; slope
former i

Core 3

Calcareous arkose: light gray with dark gray
bands; fine grained; subangular; poorly
sorted; mineral grains quartz, potassium
feldspar, plagioclase feldspar, muscovite, and
biotite; organic matter making some dark
bands, mudstone composing others; graded
bedding, ripple marks, convolute bedding,
and cross-bedding; sparry calcite cement

Sandy mudstone: dark red-brown with gray
bands; subangular very fine grained quartz,
potassium feldspar, plagioclase feldspar,
muscovite, and biotite; organic macter,
convolute bedding

Arkosic wacke: light gray with dark gray
bands; very fine grained; subangular; mineral
grains quartz, potassium feldspar, plagioclase
feldspar, muscovite, and biotite; organic
matter, silt, and clay in dark bands; ripple
marks; abundant mudstone matrix slightly
calcareous; some flatcened clasts of mudstone

Calcareous arkose: light gray with dark gray
bands; fine to medium grained; subangular;
poorly sorted; mineral grains quartz,
potassium feldspar, plagioclase feldspar,
muscovite, and biotite; organic matter and
pyrite abundant in dark bands which have
silt and clay matrix; dark bands; minor
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1404

1704

2344
2405

3225

3985

4195

4225

4525

5125

Running

Total

114

207

320

10

cross-bedding, graded bedding; medium-
grained at bottom to fine grained at top;
sparry calcite cement

Sandy mudstone: dark gray; subangular fine
grained quartz, potassium feldspar,
plagioclase feldspar, muscovite, biotite, and
organic matter; slightly calcareous

Calcareous arkose: light gray; fine to
medium grained; subangular; mineral grains
quarez, potassium feldspar, plagioclase
feldspar, muscovite, biotite; organic matter,
pyrite, and flattened mudstone, sparry
calcareous tement with minor silt and clay
matrix

Conglomerate with arkose interbeds: Clasts
2.5 cm and less; clasts flattened mudstone;
medium-grained subrounded quartz,
potassium feldspar and plagioclase feldspar
between clasts and in arkose; organic matter
in both; sparry calcite cement in both

Calcareous arkose: light gray; coarse grained;
subangular quartz, potassium feldspar,
plagioclase feldspar, muscovite, and biotite;
flactened, well-frounded mudstone clasts 1
mm and less and ofganic matter; sparry
calcite: cement surrounding all grains

Conglomcmte: clasts 6 cm and less;
subangular coarse griined quartz, potassium
feldspar, plagioclase feldspar, muscovite, and
biotite occur berween clasts; clasts mudstone;
organic matter also found; sparry calcite
cement

Sandy mudstone: dark gray; coarse-grained
subangular quartz, potassium feldspar,
plagioclase feldspar, muscovite, and biotite;
clasts and organic matter; calcareous

Conglomerate: clasts 5 ¢m and less; clasts
mudstone; some mudstone ¢lasts dark red,
others gray; some clasts flattened; coarse
grained subangular quartz, potassium
feldspar, plagioclast feldspar, muscovite, and
biotite; interbedded lenses of very fine-
grained arkose with mineral composition
same as grains berween clasts; organic martter
also found; sparry calcite cement

Calcareous arkose: light gray; fine grained;
subangular; mineral grains quartz, potassium
feldspar, plagioclase feldspar, muscovite, and
biotite; organic matter in flakes; sparry
calcite cement

Unconformity

13

14

16

17

Calcareous arkose: light red; medium
grained; subangular; mineral grains quartz,
potassium feldspar, plagioclase feldspar,
muscovite, and biotite; sparry calcite cement,
some stained red

Mudstone: dark rcd-br?wn with some white
stringers of sparry calcite; wavy bedding

Sandy mudstone: dark red-brown with some
white stringers of sparry calcite; subangular
fine-grained quartz, potassium feldspar, and
plagioclase feldspar mineral grains; wavy
bedding

Sandy limestone: calcite thombs 0.25 mm
and less; fine grained quartz, porassium
feldspar, and plagioclase feldspar 20 percent
or less of unit; silt and clay around rhombs
and grains

Sandy calcareous mudstone: light red-brown;
subangular fine grained quartz, potassium
feldspar, and plagioclase feldspar mineral
grains; sparry calcite cement

15

124

134

164

56

132

66

26

193

66

41

335

450

593

757

813

945

1011

1018

1044

1237

1308

1344

1350
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Unit

11

Calcareous arkose: dark red-brown with white
patches; medium grained; subangular;
mineral grains quartz, potassium feldspar,
plagioclase feldspar; sparry calcite cement

Core 9

Conglomerate and mudstone interbedded:
conglomerate-mudstone ratio 1:1; average
bed thickness 20 cm for both rock types;
mudstone; dark gray with light bands;
organic matter present; calcareous; bedding
uneven, some load structures; some beds
disintegrated in a form much like pencil
shale; conglomerate; clasts 3 cm and less,
composed of rounded and flat pebble
mudstone; mineral grains berween clasts
quartz, potassium feldspar, and plagioclase
feldspar; grain size medium to coarse
grained, sparry calcite cement

Arkosic wacke: very fine grained; dark and
light red bands; mineral grains quartz,
potassium feldspar, plagioclase feldspar, and
muscovite; bedding types horizontal cross-
bedding; calcareous silt and clay matrix

Conglomerate: clasts 4 cm and less composed
of mudstone; mineral grains of quartz,
potassium feldspar, biotite, and muscovite
berween clasts; sparry calcite cement

Arkosic wacke: light gray; very fine grained;
subangular; grains of quartz, potassium
feldspar, plagioclase feldspar, biotite,
muscovite, and chlorite; organic marter
concentrated in thin bands; cross-bedding;
calcareous silt and clay matrix; some ripple
marks

Arkosic wacke and mudstone; dark gray; fine
grained; arkosic wacke, stones in thin 5 cm
or less alternating beds; mudstone
dominating; bands composed of quartz,
potassium feldspar, and plagioclase;
calcareous

Arkosic wacke: light gray; medium grained;
grains of quartz, potassium feldspar,
plagioclase feldspar, mud clasts, biotite, and
muscovite; some thin claystone bands; minor
cross-bedding; calcareous mud matrix

Calcareous arkose and conglomerate
interbedded: conglomerate-sandstone ratio
3:1; clasts 3 cm and less, composed of
mudstone; sandstones medium grained;
grains of quartz, potassium feldspar, and
plagioclase feldspar; sparry calcite cement

Conglomerate: clasts 2 ¢cm and less,
composed of mudstone, well rounded;
quartz, potassium feldspar, and plagioclase
feldspar grains berween clasts; coarse grained;
subangular; differential compacrion shown;
cross-bedding; some organic matter and
pyrite; sparry calcite cement.

Calcareous arkose: light gray; medium
grained; subangular; grains of quartz,
potassium feldspar, plagioclase feldspar, and
minor mica; sparry calcite cement

Conglomerate: clasts 5 ¢cm and less, of
mudstone; medium-grained quartz, potassium
feldspar, plagioclase feldspar berween clasts;
sparry calcite cement

Calcarcous arkose: light gray; coarse grained;
subangular; mineral grains of quartz,
potassium feldspar, plagioclase feldspar,
muscovite, and biotite; cross-bedding; sparry
calcite cement
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355

Thickness Running

in ¢cm

319

33

50

249

85

185

35

149

12

51

23

1705

Total
319

352

402

696

781

966

1001

1150

1162

1213

1236

12

13

14

15

17

18

19

20

21

Conglomerate with thin sandstone lenses:
conglomerate clasts 2 cm and less; clasts
composed of mudstone, rounded; graded
bedding; calcareous mud marrix; sandstone
lenses medium grained; light red; grains
uartz, potassium feldspar, and plagioclase
eldspar; sparry calcite cement

Calcareous mudstone: mottled red and
yellow-green; flattened mudstone intraclasts.

Conglomerate: light gray; clasts 4 mm and
less, well rounded, mudstone; quartz, chert,
potassium feldspar, plagioclase feldspar,
muscovite, and biotite between clasts;
organic matter present; sparry calcite cement;
mudstone clasts flattened, some dark red

Arkosic wacke: banded light red and gray;
fine to very fine grained; grains are quartz,
potassium feldspar, and plagioclase feldspar;
cross-bedding and uneven bedding; silt and
clay matrix

Mudstone with interbedded arkosic wacke:
Mudstone arkosic wacke ratio 4:1; mudstone
dark red, calcareous; arkosic wackes light
gray; fine to very fine grained; mineral
grains quartz, potassium feldspar, and
plagioclase feldspar; calcareous silt and clay
matrix

Conglomerate: clasts 3 ¢cm and less, composed
of mudstone; quartz, potassium feldspar, and
plagioclase feldspar grains berween clasts;
sparry calcite cement

Sandy mudstone: dark red; sand grains
composed of quartz, potassium feldspar, and
plagioclase feldspar; mudstone like a pencil
shale.

Conglomerate: clasts 2 cm and less,
composed of mudstone; medium-grained
quarez, potassium feldspar, and- plagioclase
feldspar berween clasts; sparry calcite cement

Arkosic wacke: light red and gray; very fine
grained; grains quartz, potassium feldspar,
plagioclase feldspar, muscovite, biotite, and
chlorite; calcareous silt and clay matrix

Conglomerate and calcareous arkose with
small mudstone lenses: conglomerate clasts 1
cm and less; clasts composed -of mudstone
flattened; medium-grained quartz, potassium
feldspar, and plagioclase feldspar grains
between clasts; sparry calcite cement;
calcareous arkose medium grained, red and
light gray; quartz, porassium feldspar, and
plagioclase feldspar; calcareous cement

Unconformiry

22

23

Calcareous arkose: dark red with white
patches; medium grained; subangular; grains
quartz, potassium feldspar, and plagioclase
feldspar, calcareous cement with red stain

Core missing
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