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Depositional environmenfs of the uranium-
bearing Cutler Formation, Lisbon Valley, Utah
by
John A. Campbell and Brenda A. Steele-Mallory
ABSTRACT

The Cutler Formation in Lisbon Valley, San_quan County, Utah, is composed
predominantly of fluvial afkosic sandstones, siltstones, shales, and mudstones
that were deposited by meandering streams that flowed across a flood plain and
tidal flat close to sea level. Two types of channel deposits are recognized
from'their sedimentary structures: meandering andvdistributary. The flood
“plain was occasionally transgressed by a shallow sea from the west, resulting
in the deposition of several thin limestones and marine sandstones. The
marine sandstones were deposited as longshore bars. Wind transported sand
along the shoreline of the shallow sea, forming a coastal dune field. MaEfne
sandstones and eolian sandstones are more common in the upper Cutler in the
southern part of the area,\whereas in the central and northern part of the
area the formation is predominantly fluvial. Crossbed orientation indicates
that Cutler streams flowed S. 67° W. on the the average, whereas marine
currents moved sediment S. 36° E. and N. 24° W., and wind transported sand S.
80° E. )

The uranium in the Cutler is found in the central and northern part of
the area, in the upper part of the formatfon, in smalf fluvial sandstone
bodies that were depositéd predominantly in a distributary environment. No
uranium is known in the marine or eolian sandstones. Petrographically, the
uranium-bearing sandstones are identical to other Cutler fluvial sandstones

~ except that they contain less calcite and more clay and are slightly coarser.

grained. Ore formation has modified the host sandstones very little.



INTRODUCT ION
‘fhe Lisbon Valley uranium district has produced about 2.4 million pounds
of U30g as of 1975 (Chenoweth, p. 256) from the Permian Cutler Formation.
Mining of ore has continued through 1977. This production and the high
potential for further uranium 6ccurrences in the Uncompahgre (Paradox) Bésin
(Campbell and Steele, 1976, p. 24) prompted this detailed study of host rock
depositional environments.
Location
The district is located 35 miles southeast of Moab in the northeastern
cornér of San Juan County, Utah. It can be reached by following U.S. Highway
163 (marked 160 on many highwa§ maps ) - from Mdab to La‘SaI Junction, tprning
east on State Highway 46 and going 7 miles, turning south on én unmarked paved

county road and traveling 8 miles to Lisbon Valley (fig. 1). A T

Purpose .

The purpose of this study was to detail the sedimentary depositional
enVironments of Cutler rocks and relate these environments to uranium
occurrences. A better understanding of the uéanium occurrences, some new -
ideas on ore guides for prospecting, and the location of néw areis for
brospecting are the goals of this research. In addition, an estimation of
uranium resources in Permian rocks in fhe Uhcompahgre Basin w%ll be made after
study of the entire basin.

Three stratigraphic sections in the Lfsbon Valley area (fig. 1) were
measured, described, and sample& for this study. The stratigraphic sections
measured were chosen for exposure and completeness of outcrops (fig. 1).

Emphasis was on sedimentary structures and petrology of Cutler rocks. Section

~ data are shown on Plates 1, 2, and 3 in the pocket at the end of the report..
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Figure 1.--Index map showing location of Lisbon Valley uranium district,
measured sections, Spillar Canyon, and Big Buck mine.
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Geologic setting'

Lisbon Valley is one of a number of northwest-southeast-trending salt
anticlines in eastern Utah and southwestern Colorado (fig. 2). Solution of
salt, subsequent collapse, followed by erosion of the anticlines has exposed
rocks ranging in age from Pennsylvanian to Jurassici The Lisbon Valley salt
anticline is cut lengthwise by the Lisbon Val]eynfault so that the Paleozoic
rocks crop out only on the southwest flanks.

The structural trend in the Cutler along the southwest flank is slightly
different from that of the overlying Chinle. The dip of the Cutler is steeper
and fhe dip direction more to the south than that'of the Chinle, indicating
pre-Chinle structural movement. The absence of the Triassic Moenkopi
Formation could be due either to nondeposition, or to removal after deposition

caused by uplift of the anticline prior to deposition of the Chinle. -

STRATIGRAPHY .

The Permian rocks-in the Lisbon Valley salt anticline have been
previously mapped as "Cut]ef Formation undifferentiated" (Williams, 1964).
Other subdivisions of Permian rocks recognized elsewhere in the Moab area,
including the Rico Formation, have not been used or mapped 7in Lisbon Valley.
Lithologies representing facies of the other subdfvisions are present in parts
of the valley, but no new mappable units are suggested in thi; report.

The age of the Cutler Formation in Lisbon Valley is probably entirely
Wolfcampian. Both Baars (1962, p. 154) and McKee and others (1967, table 1)
state that the Cutler is principally Wolfcampian but the upper part may be

Leonardian. The upper part of the Cutler in the Lisbon Valley area has been

removed by erosion.
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LITHOLOGIES

Plates 1, 2, and 3 show the measured sections and the major lithologies
that make up each section. Red sandstones and shales, siltstones and
mudstones that were deposited in a number of different environments, and a few
limestone beds that are largely marine are the dominant lithologies in the
Cutler. Sand-shale ratios range from 1:2 to 1:4; tﬁus the fine-grained rocks
are much more abundant than coarse-grained sandstones. Limestones makeup less
than 1 percent of the sehtions.

The arkosic sandstones of the Cutler Formation were deposited in three
prinéipal environments: fluvial, eolian, and marine. The criteria used for
making the detehnination of paleoenvironments were sedimentary structures,
petrology, fossils, rock sequences, and associations.

Fluvial sandstones -

The purple-red fluvial sandstones occur in large lenticular bodies th?i
are hundreds of meters long.-and range. .in thickne§s from .less than.1 m to over
25 m. Poor lateral exposure prevented better -descriptions of sandstone body
_geometry. - Laterally these ienses»thin~and gréde«intoAthe shale, mudstone, and-
siltstone sequences. Upper contacts where visible are gradational into the’
overlying shale, mudstone, and siltstones, whereas basal contacts are sharp.
Sedimentary structures "

The most common type of sedimentary structure in Cutler fluvial
sandstones is trough cross stratification. Some horizontal stratification_and
mindr tabular cross stratification are also present. Trough crossbeds are
found in all the fluvial sandstones, whereas horizontal stratification occurs
in about 20 percent and tabular crossbeds in about 14 ﬁercent of the fluvial

sandstones. Trough cross strata range in size from 2 t6 3 m thick, 6 to 10 m

wide, and tens of meters long; to 10 to 20 cm thick, a meter wide, and several



’

metefs long. In about one-third of the sandstones the large trough crossbeds
are present in the lower part of the sand body, with the size of the troughs
gradationally becoming smaller upward; in another one-third of' the sandstones
there is no apparent difference in size of the troughs from bottom to top of
the sand body; and in the remaining third the larger troughs may be in the
middle or at the top of the body. |

The horizontal stratification occurs in zones 1 to 2 m thick, some with
good current lineation. These structures occur randomly at various horizons
throughout the sand bodies. The tabular cross stratification occurs in beds
one-half to 1 m thick, most frequently in the lower one-half to one-third of
the sand body. Crossbedding directions were obtained principally from
measurements of the long axis of trough cross stratification, but also from
current lineation and tabular forééets, and are shown on figure 3. ‘

Additional sedimentary structures found in the fluvial sandstones in;;hde
slump structures and occasional ripple marks. Convolute bedding produced by
slumping of wet sand is common in many sandstones, whereas ripple marks and
ripple crossbedding are rare. A few of the finer grained sandstones contain
ripple marks, and some 1-3 cm thick tabular ripple crossbedﬂjng is present at
the top of a few of the coarser grained sandstones.
Petrography

The petrography of Cutler Formation sandstones, as determined from thin
section studies, is summarized on table 1. The fluvial sandstones are
composed of subequal amounts of quaftz, feldspar, and rock fragments. The
feldspar is predominately microcline with minor amounts of plagioclase and
untwinned feldspar. The rock fragments are mainly po]ygnystalline quartz or
_quartz with microcline or mica. These rock fragments are the most abundant

constituent and were judged to be of igneous origin. Fragments with similar
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Figure 3.--Crossbedding directions in fluvial sandstones
of the Cutler Formation, Lisbon Valley, Utah.
Based on 404 measurements.
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compositions but with sutured contacts between crystals or notable schistosity
were classified as metamorphic in origin. Rounded grains of shale, mudstone,
and siltstone constitute the least abundant types of rock fragment present.
Minor constituents include mica (both muscovite and biotite) and
accessory minerals. The accessory minerals include black opaques, chert
grains, zircon, tourmaline, and apatite, in order of decreasing abundance.
The black opaques are predominantly magnetite, usually altered to hematite.
In some samples the black opaques are flakes of biotite that have been altered
to hematite. .
The cementing agent in the Cutler fluvial sandstones is either calcite or
secondary overgrowths on the quartz grains. Some samples have both. A clay
matrix as binding agent was present in a few samples. The porosity as

determined from thin sections raﬁges from 1 to 18 percent for the fluvial:

sandstones but averages about 4 percent. ' _

The sandstones were classified following a modified version of the scheme
proposed by Folk (1974). The modification consisted of combining igneous rock
fragments, including polycrystalline quartz of igneous origin, with the
feldspars and combining polycrystalline quartz of metamorphic origin with the
lithic fragments. The fluvial sandstones are predominantly arkosic with some
lithic arkoses or subarkoses (fig. 11). The lithic arkoses‘;ontain more rock -
fragments than arkose, whereas the subarkoses have less feldspar than arkose.

The mean and maximum grain size of the fluvial sandstones as determined
from thin-section analysis is shown‘invtable 1. Variation in grain size in
the measured sections, as determined from both thin sections and field
observations, is shown on plates 1, 2, and 3. The overall mean grain size is

0.4 mm, with 40 percent of the samples having means greater than 0.5 mm; thus .

these sandstones are medium to coarse grained. Of the sandstone sequences, 35
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percent are coarser grained at the base and finé upward, 21 percent are fine
grained at the base and become coarser upward, and 44 percent are about the
same grain size at the base and top (Plates 1, 2 and 3).

Zones in the fluvial sandstone sequences are conglomeratic. The
conglomeratic zones are generally associated with the base of the sequence or
with the larger scale trough éross stratification. The clasts in the
conglomeratic zones range from 1 to 40 cm in maximum diameter; however, clasts
from 1 to 3 cm are most common. The largest clasts are found at the base of
sandstone sequences where channeling has occurred and are intraclasts of
siltétone, mudstone, or shale. These intraformational clasts are produced by
bank -erosion. Other clasts at the base of the sandstones are rounded igneous
and metamorphic rock fragments which reach a maximum size of about 12 cm but

average 2 to 3 cm.

Marine sandstones

Sedimentary structures . -

The marine sandstones are light colored, often white, and occur in
tabular bodies from 1 to about 5 m thick. Basal -contacts of these bodies are
sharp and flat; upper contacts are sharp and range from flat to convex upward
in bar-1ike buildups. Crossbedding is of the tabular type in units
"~ approximately 0.5 m thick. Some of these bodies may have se;;ral crossbedded
units with the crossbeds dipping in the opposite directions, while others are.
structureless. Crossbedding directions for the marine sandstones are shown on
figure 4.

Petrography
The marine sandstones are composed of the same major constituents as the

- fluvial sandstones; quartz, feldspar, and rock fragments (table 1). The

compositiéna] difference between the fluvial and marine sandstones iis in the .

11
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Figure 4.--Crossbedding directions in marine sandstones
of the Cutler Formation, Lisbon Valley, Utah.
Based on 142 measurements.
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amounts of these constituents. The marine sandstones have only one-eighth to

one-tenth as much feldspar and about one-third as many rock fragments as the

fluvial ones. Terrigenous sedimentary rock fragments are absent; metamorphic

rock fragments range in abundance from less than 1 to 3 percent; and igneous

rock fragments range in abundance from 2 to 10 percent. Intraclastic

limestone rock fragments are present in these marine sandstones in amounts
from less than 1 to 4 percent.

Minor constituents include mica, tourmaline, apatite, zircon, and
chert. In addition to these constituents, fragments of fossils are present in
these sandstones. Fragments of brachiopods, bryozoans, and echinodermata were
noted, as well as some oolites.

These sandstones are cemented with calcite; although a few samples
contain a small percentage of matrix. Porsity in these rocks ranges from zero
to 10 percent but averéges about 4 percent. ; ii

Subarkose is the dominant }dck type, and sublitharenite is the second
most common type in these sandstones. Reworking of arkosic sand;/in a marine
environment would reduce the -amount of rock fragments and feldspar and produce -
these rock types. ‘<

The overall mean grain size for the marine sandstones is 0.13 mm, and
they range from 0.10 to 0.16 mm; thus they are fine-grained t; very fine
grained sandstones. The standard deviation of the grain sizes (table 1) is
0.1 or less, and thus these sandstones are much better sorted than the fluvial
sandstones, which average about 0.3.

Eolian Sandstones
Sedimentary structures

The orange-red to buff colored eolian sandstones in Lisbon Valley occur .

in laterally continuous tabular bodies. These beds range from 5 to 20 m thick

13



but thicken and thin laterally. The basal contact is flat and sharp, whereas
the upper contact is sharp but irregular laterally over distances of 100 m or
more.

The most common sedimentary structures in these eolian sandstones are
large-scale, 1- to 3-m-thick, tabular crossbeds. Dips of these crossbeds
range from 10° to 40° and average about 25°. About 40 percent of the
crossbeds measured dip between 25° and 35°, and 48 percent dip between 15° and
259, Crossbedding directions are shown on figure 5.

In addition to the large-scale crossbedding, other sedimentary structures
which support an eolian origin for these sandstones are present. These minor
but important structures -include high-index ripples developed on foreset
bedding surfaces, lag deposits,-inverse-graded bedding in ripple laminations,

avalanche structures on foreset bedding, and raindrop impressions.

Petrography N
The eolian sandstones--are_composed of -the sgme major constituents as both
~the fluvial and marine sandstones (table 1), with the amounts of quartz,
"~ feldspar, and rock -fragments being very similar.to those in the marine
sandstones. The amounts of -feldspar and rock fragments are less than in the
fluvial sandstones. Both terrigenous sedimentary and metamorphic rock
fragments are absent in half of the samples studied. Several\égmples contain
1-3 percent limestone fragments similar to those noted in the marine
sandstones. h
| The minor constituents include mica, zircon, apatite and tourmaline. The
amount of mica present is much less than in either the marine or fluvial
sandstones. The cementing agent is predominantly calcite, as it is in the

marine sandstones. The porosity is higher than in either the fluvial or

marine sandstones, averaging 6.5 percent.

14
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Figure 5.--Crossbedding directions in eolian
sandstones of the Cutler Formation,
Lisbon Valley, Utah. Based on 55 measurements.
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These eolian sandstones are classified as arkose, lithic arkose,
subarkose, or sublitharenite. The variety of rock types reflects a greater
variation in mineralogy in the eolian sandstones than in either fluvial or
marine sandstones.

The overall mean grain size for the eolian sandstones is 0.15 mm, but the
grains range from 0.11 to 0.17 mm; the standard deviation is 0.08. The eolian
sandstones are a little better sorted than the marine sandstones, but are
about the same grain size (table 1).

Limestones

Limestones make up a very small part of the Cutler in Lisbon Valley.

They occur in the lower half of the Cutler interbedded with fluvial sandstones
and in the upper half associated with the marine sandstones.- The lower
limestones are perhaps tongues of the Elephant Canyon Formation, also mapped
as Rico by many workers, and the upper limestones are a part of the mariné?
facies of the Cedar Mesa Sandstbne.

The gray to red limestones are tabular to lenticular beds that range in
thickness from less than 10 cm to about 2 m. Thin lenticular beds commonly are
covered and can be found only in float. They commonly show little internal
sedimentary structure although a few are horizontally laminated and one bed
contains tabular crossbedding. )

The limestones contain a variety of constituents (table 2) including
fossils, intraclasts, ocolites, pellets, and detrital material ranging in size
from coarse silt to very fine sand, in a micrite matrix or calcite spar
cement. The detrital material composes from less than 1 percent to about 8
percent in amount, and consists of quartz, feldspar (largely microcline), a
~ few rock fragments, and mica flakes. In order of decreasing abundance,

fossils include echinoderm fragments, bryozoan and or brachiopod fragments,
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and mollusca (largely gastropod fragments); Evidence of burrowing is present.
in a number of the thin sections studied.

The limestones were classified following the scheme proposed by Folk
(1959). These limestones are largely biomicrites or biosparites with a few
intramicrites, pelmicrites, or micrites.

Shales, siltstones, and mudstones

The bright brick-red shales, mudstones, and siltstones are 2 to 4 times
more abundant than the sandstones and have an average sand-shale ratio of
1:3. These rocks are more easily eroded than the sandstones and are generally
covefed with soil and float. Sedimentary structures useful for environmental
intrepretation are not prevalent, and the general depositional environment of
these rocks was determined by their association with fluvial sandstone and
marine sandstone and limestone (plates 1, 2,and 3).

The fluvial shales, mudstones, and siltstones are associated with théf

:fluvial»sandstones. The siltstones-often contain trough crossbedding which
indicates -current--directions similar to those of-the fluvial sandstones. In
addition, asymmetrical ripple marks, mudcracks, and varves-are found in these
lithologies. These rocks were deposited in overbank-channel, floodplain,
natural levee, and lacustrine environments; Orange-red siltstones found in
the upper portions of the Cutler associated with the fluvial ;equences may

- have been deposited as small eolian dunes on the floodplain. . _ _. . __. __.

~ The marine shales, mudstones, and siltstones are associated with marine
sandstone and limestone. Tabular to trough type crossbeds occur in the
siltstones and have paleocurrent directions similar to those found in the
marine sandstones.- Symmetrical ripples and horizontal -burrows are also found
~in these rocks. These rocks were deposited in shallow nearshore and tidal-

flat enviromments. e e e
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DEPOSITIONAL ENVIRONMENTS

Experimental flume studies, studies of modern sedimentary environments,
and detailed examination of rock sequences have greatly improved the
determination of paleoenvironments. Primary sedimentary structures and
stratification sequences are especially useful in determining paleo-fluvial
sequences. Two excellent works, Harms and others (1975) and Miall (1977),
have summarized these developments. In this study, paleoenvironmental
interpretations of the fluvial sequences and the methods used are based
largely on these reports.

‘Development of models from stratification sequences using nonparametric
statistics is discussed by both Harms and others (1975, p. 69) and Miall
(1977, p. 3). ‘The method suggested by Harms and others is based on chi-square
contingency analysis, wherein a calculated expected frequency is compared to
the actual frequency. The method suggested by Miall involves embedded Ma;ibv
chain analysis, in which a calculated random probabilityﬁis compared to the
actual probability. Both.mgthods,allow*for testing the null hypothesis: that
the vertical succession of sedimentary: structures was. derived by random -
processes by using the chi-squaré test. Both methods of bdi]ding models were
tested in this study and found to give identical results. The chi-squafe
method is easier to calculate and to fnterpret and is recanméhded for any
future model building. . -

Fluvial Environments
Examination of the fluvial sandstone bodies and the sequences of
. sedimentary structures in these bodies. (plates 1, 2, and 3) indicates two
types based on size. The larger bodies consist of thick, coarse-grained

sandstones that display a high degree of variability of grain size and contain .

.-~large.sedimentary structures..- The.-sequence. of .sedimentary structures. variges, ....- .. ..
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greatly, and they commonly contain coarse ﬁaterial such as clay clasts at the
bottom of the sequence. The thinner sandstone bodies consist of finer, more
uniform grains and have a more uniform size and sequence of sedimentary
structures. The smaller sandstone bodies occur predominantly in the upper
half of each section, whereas the larger bodies occur in the lower half. A
fluvial model was developed for each of these types.

The first model (fig. 7) is for the larger sandstone bodies and was
synthesized from 29 sequences u&th 105 transitions from one type of
sedimentary structure to another. The facies relationship diagram and a list
of the facies transitions are shown on figure 6. The second model for the
sequence (fig. 9) was developed from 21 different bodies with a total of 76
facies transitions (fig. 8).

The two models are similar, differing only in thickness and size of -
sedimentary structures. Both compare well with the generalized model for B
meandering stream deposits developed by Allen (1970) and the more specific
model  for the meandering Wabash River described by Jackson (1976). The larger
sandstone bodies in the Cutler-are associated only with fluvial deposits,
whereas the smaller sequences are associated with marine sandstones and
limestones. Marine fossil fragments are found in some of these smaller
fluvial sequences (plates 2 and 3). These associations sugge;t>that the
smaller sequences may be meandering distributary deposits formed by streams
flowing across tidal mud flats. _

To obtain some idea of what the streams were like that made the Cutler
deposits, estimates of the paleohydrology were calculated following the
formulas presented by Schumm (1972). The results are shown in table 3.

Widths and depths were estimated from 60 sandstone sequences and averaged for

each type of meandering deposit. . At best these data can be considered only
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Transitions for meandering fluvial sequences from

I.

OO MW
. . [ . . . .

Horizontally bedded lenticular siltstone, shale,

or mudstone ‘and very fine grained sandstone to
Coarser grained channel sandstone often with clay-
clasts and erosional base, to (or with) .
Large trough cross stratification, to -
Horizontally laminated sandstone, or to
Tabular-pjanar cross stratification, to
Convolute’ bedding (slumping),.to

Small trough cross stratification, to
Horizontal ripple lamination, to
Horizontally bedded lenticular siltstone,
shale or mudstone and very fine grained sandstone.

Figure 6.--Facies relationship diagram with list of

transitions for large meandering fluvial sequences
in the Cutler Formation. Based on 105 transitions
studied in 29 sequences. Numbers show how many -
transitions of each type were found.
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Transitions for meandering distributary sequences from

I

~e—oom

. Horizontally bedded siltstone, shale, or mudstone to
. Coarser grained channel sandstone with sharp basal

contact and a few clay clasts or
Small trough cross stratification in sandstone with
sharp basal contact, to
Horizontally laminated sandstone and (or)
Tabular-planar cross stratification, to
Horizontally bedded siltstone, sha]e, or mudstone, to
Marine sandstone or limestone. .

Figure 8.--Facies relationship diagram with 1ist of transitions
for small meandering fluvial sequences in the Cutler
Formation. Based on 76 transitions studied in 21 sequences.

* Numbers show how many transitions of each type were found.
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Table 3.--Summary of paleohydrology of streams that deposited "~
the Cutler Formation.

[Calculated following the methods outlined by Schumm (1972).]

Meandering Distributary
Parameters streams streams
Average depthececesecsecaces 9.0 m 4.3 m
Average Widtheeeseessnaonnen 49.0 m 26.9 m
Width-depth ratiOcececccecees 5 6
Meander wavelength.e.ececeeeee 431.0m 312.3 m
" Stream gradient.cceccccecese 0.18 m/km 0.39 m/km

Mean annual flood.ecececeees
Mean annual discharge.ceeese
Velocity of flood discharge
SinUOSitYeeeenescecccccncans

Va]]ey gradient.............

438.0 m3/sec
59.7 m3/sec
1.42 m/sec
2.3
0.42 m/km

150.8 m3/sec

11.1 m3/sec
1.97 m/sec
2.2 -
0.83 m/km
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estimates or "ball-park" figures. If correct, an average Cutler stream that
flowed across the Lisbon Valley district was about the size of the present-day
San Juan River of southern Utah.
Marine Environments
The marine sandstones and limestones were deposited in shallow, warm,
nearshore environments. The petrography of the sandstones indicates
reworking, and the crossbedding directions suggest longshore currents as a
possible agent. A buildup of sand into bar geometry was found in a number of
these sandstones; thus some of these sandstones were probably deposited as
longshore bars. The 1-m-thick, horizontal, parallel-laminated sandstone at
the base of the prominent eolian sandstone near the top of the measured
sections (plates 1, 2, and 3) may be a beach deposit similar to those
described by Dickinson and others (1972), which are directly overlain by
eolian deposits. Tﬁ
The limestones contain app}eciable amounts of lime mud and thus must have
been deposited in relatively quiet water. Inasmuch as detrital material is
neither very abundant nor very coarse <in these limestones, the sites of
deposition were remote or protected from the influx of sediment. A few of the
limestones show the effects of reworking, including crossbedeng, and some
contain oolites suggesting some current activity. The limestones were
deposited in a shallow, quiet to moderately agitated, warm marine environment.
Eolian Environments )
The eolian sandstones in the Lisbon Valley area are closely associated
with marine sediments. The thin-section studies revealed that carbonate
fragments are present in some of these sandstones. The;e carbonate grains,
- largely lime-mud fragments, probably had a local origin. The suggested

- depositional environment for these sandstones is coastal dune field, similar
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to those described by Dickinson and others.(1972, p. 195) along the Gulf
Coast. The crossbedding directions (fig. 5) suggest that onshore wind
movement was dominant in forming these dunes. McBride and Hayes (1962) noted.
an onshore mean direction in their study of crossbedding in the dune fields of
Mustang Island, Texas. Slump structures similar to those described by McKee
and Bigarella (1972) in the Brazilian coastal dunes are also found in the
Cutler eolian deposits.
URANIUM-VANADIUM OCCURRENCES
Uranium has been mined from the upper part of the Cutler Formation in the
centfal and northern part of the Lisbon Valley district along Big Indian
Wash. The major producing zones in thg Cutler occur about 30 to 40 m
stratigraphically below the Permian-Triassic uncomformity, and about 300 to
500 m updip and northeast of the eastern limit of the Triassic Chinle ore belt
(Chenoweth, 1975, p. 256). Additional orebodies occur in the Cutler at -
various locations where the Chinle ore belt is in direct contact with the
underlying Cutler sandstones (Chenoweth, 1975, p. 256). This study has
: concentrated on the-first type of . occurrence, and in the central part of the
area., Samples were taken from two prospects in Spillar Canyon (fig. 1) and
from Atlas Mineral's Big Buck Mine.
' The ore zones are in bleached fluvial arkosic sandstone;‘associated with
,;V«"_> . marine and eolian sandstones (fig.. 10). This association andjthe,sedimentany,”” wﬁ.h.-
structures in the sandstones indicate that they are f]uvia]-distfibutany in
' origin. Trends of the crossbedding and of the orebodies are in the same range
v .. as .shown, for the fluvial sandstones on figure 3. Ore is in discontinuous
tabular zones which are located at the base, at the top, or close to pinchouts
‘ ~ of the sandstone bodies. Ore grade drops toward the middle of the sandstoﬁe.

<»mes v nbodies. - Vertical joints.that. intersect ore and surrounding.country.rack -are

also mineralized.
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The petrology of the sandstone from tﬁe ore zones is shown in table 4 and
on figure 11. Comparison of data from table 4 with table 1 and the
classifications shown on figure 11 indicates the similarity of the ore-bearing
sandstones and to the smaller fluvial sandstones. The difference between
these sandstones is shown in table 5. The ore sandstones contain less
carbonate cement, but more clay matrix, and are slightly coarser grained than
the average Cutler fluvial sandstones (table 5).

SUMMARY AND CONCLUSIONS

The Cutler~Fonnation in the Lisbon Valley area is composed of
preddminantly fluvial arkosic sandstones and shales that were deposited by
meandering streams that flowed across a flood plain and tidal flat c]qse to
sea level. Two types of channel deposits are recognized on the basis of
sedimentary structures: meandering and distributary. The flood plain was:
occasionally transgressed by a shallow sea from the west, resulting in théi
deposition of several thin limestones and a number of marine sandstones. - The
marine sandstones were depogited as longshore bars. Wind transported sand
along -the shore line, forming -a coastal dune field. Marine sandstones and
eolian sandstones are more common in the upper part of the'tytler in the
southern part of the area, whereas in the central and northern part of the
area the formation is predominantly fluvial. ) A

The uranium in the Cutler is found in the central and northern part of .
the area in fluvial arkosic sandstones that were deposited predominantly in a
distributary environment. No uranium is known in the marine or eolian
sandstones. The uranium-bearing sandstones are petrolqgical]y very similar to
other Cutler fluvial sandstones but contain less cd]cifg and more clay and are
‘_ slightly coarser grained. Ore formation has modified the host sandstones very .

little.
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Table 5.--Petrological comparison of ore-bearing sandstones to
to non-ore-bearing sandstones using the paired t test.

[Comparisons were done using the two-tailed t test. HO: mean
of ore sandstones = mean of non-ore sandstones. Degrees of
freedom = 55. At = 0.0125 for each tail, t = 1.164.]

Parameters for - Non-ore Ore ) Significant
comparison sandstones . sandstones . t difference?
Igneous rock fragments..... 16.6% 14.2% - 1.16 No
Feldspars..........;....... 22.3% 22.0% 0.23 No
MiCaceeeseeecccesscencances 2.3% 2.0% 0.0 No
Total rock fragménts....... 24.1%  22.5% 0.60 No
MatriX.eeeececeeeesecenceees 4.8% 10.9% -2.88 Yes
Mean grain size..seeeeessss 0.44 mm 0.55 mm -1.48 Yes
Sorting (standard deviation) 0.31 mm 0.35 mm -0.01 - -, No
Carbonate cement.cceeecsees 12.1% 4.1% 2.66 Yes

Maximum grain SiZ€eeecseeses 1.9 mm 2.01 mm -0.32 No
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This study was designed to interpret fhe debositional environments of
Cutler rocks and to relate uranium occurrences to the environments. The
following important questions must be addressed before guides for future
exploration in Cutler rocks can be suggested: (1) What is the age of ore
formation in Cutler rocks? (2) How does the Cutler ore relate chemically and
physically to Chinle or Salt Wash ore? (3) What was the reductant that aided
in trapping the uranium in the Cutler? To help answer these questions, the
diagenesis in ore samples, the elemental variation across ore zones, the X-ray
characteristics of ore minerals, the opaque minerals associated with ore, and

fission-track maps are all currently being studied.
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