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Geology of the Pennsylvanian and Permian Cutler Group
and Permian Kaibab Limestone in the Paradox Basin,
Southeastern Utah and Southwestern Colorado

By Steven M. Condon

ABSTRACT Southwestern United States. The canyons and mesas of Can-
yonlands National Park and the spires and monoliths of
The Cutler Formation is composed of thick, arkosicMonument Valley are associated with Permian rocks, the
alluvial sandstones shed southwestward from th€&utler Group in particular. Some reports, such as Wengerd
Uncompahgre highlands into the Paradox Basin. Salt teend Matheny (1958) and Baars (1962), have previously dem-
tonism played an important role in deposition of the Cutlepnstrated that the lower part of the Cutler is, however, Penn-
in some areas. In the northeast part of the basin, more thaylvanian, and this report describes rocks at the Systemic
8,000 ft, and as much as 15,000 ft, of arkose was trapp®dundary in some detail. In parts of the Paradox Basin, the
between rising salt anticlines—this arkose is thin to absemosition of the basal contact of the Cutler is controversial.
over the crests of some anticlines. In the western and sout@nce regarded as an unconformable Systemic boundary, it
ern parts of the basin, the Cutler is recognized as a Gromew is interpreted by some as gradational, and the position
consisting of, in ascending order: the lower Cutler bedxyf the Pennsylvanian-Permian boundary is also questioned.
Cedar Mesa Sandstone, Organ Rock Formation, White Rifhhe correlation of younger Permian rocks has been relatively
Sandstone, and De Chelly Sandstone. The aggregate thi¢kore straightforward; there is, however, substantial dis-
ness of these formations is less than 2,000 ft. The formatioagreement concerning the depositional environments of
of the Cutler Group were deposited in a complex system ¢ome units. The arguments are summarized in this report.
alluvial, eolian, and marine environments characterized by = Acknowledgments-Jean Dillinger digitized the base
abrupt vertical and lateral lithologic changes. The basal Cutnaps used for the maps presented here. Critical reviews by
ler is Pennsylvanian in age, but the bulk of the Group wa3.E. Huntoon and J.D. Stanesco were of great help in improv-
deposited during the Permian. The Cutler is conformabling the manuscript. Discussions of Pennsylvanian, Permian,
underlain by the Pennsylvanian Hermosa Group across masid Triassic rocks with J.A. Campbell, R.F. Dubiel, K.J.
of the basin. It is overlain unconformably by the PermiarFranczyk, A.C. Huffman, Jr., J.E. Huntoon, and J.D.
Kaibab Limestone in the western part of the Paradox Basistanesco were very helpful in my gaining an understanding
The Cutler or Kaibab are overlain unconformably by the Triof those units.
assic Moenkopi or Chinle Formations.

GEOGRAPHIC AND STRUCTURAL SETTING

INTRODUCTION The Paradox Basin is an oval area in southeastern Utah
and southwestern Colorado that, for this study, is defined by
This study was funded as a part of the U.S. Geologicahe maximum extent of halite and potash salts in the Middle
Survey’'s Evolution of Sedimentary Basins Program. Thegennsylvanian Paradox Formation (fig. 1, pl. 1). Using this
Paradox Basin, located in southeastern Utah and southwegtfinition, the basin has a maximum northwest-southeast
ern Colorado, was the subject of a multidisciplinary stratitength of about 190 mi, and a northeast-southwest width of
graphic, sedimentologic, geochemical, and structuradbout 95 mi. The Paradox Basin, as thus recognized, is in the
investigation. In this report, | describe the regional geologyentral part of the Colorado Plateau. The shape of the basin
of the Pennsylvanian and Permian Cutler Group and Kaiba@as modified and obscured by later tectonic events, prima-
Limestone in the Paradox Basin, based mainly on the stugyly the Laramide orogeny. Today, the basin has been dis-
of geophysical well logs and outcrop data. sected in places by uplift of the Colorado Plateau and by
To many people, the canyon country of southeasterdowncutting of the Colorado River and its tributaries. The
Utah and northern Arizona epitomizes the Permian of thbasin is primarily a Pennsylvanian feature that accumulated
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P2 EVOLUTION OF SEDIMENTARY BASINS—PARADOX BASIN

thick deposits of carbonate, halite, potash, sandstone, and The extreme southwestern part of the Paradox Basin is
arkose in response to tectonic downwarping and simulteeoincident with the Monument upwarp. This area consists of
neous uplift along its northeastern border. In this report, tieep canyons and high mesas that provide the setting for part
focus on the Pennsylvanian and Permian stratigraphic unitsf Canyonlands National Park, Natural Bridges National
that overlie the salt, even though the depositional limits oMonument, and other recreation and cultural-resource areas.
those units do not correspond to the limit of salt. The nam&he upwarp trends generally north and is a broad anticline. It
“Paradox Formation” originated with Baker and othersis bounded on the east by the steeply dipping Comb Ridge
(1933) for exposures of the unit in Paradox Valley, Montrosenonocline and merges to the west with the Henry Basin
County, Colorado. The valley and town of Paradox wereacross the White Canyon slope. A northeast-trending anti-
probably named because the Dolores River cuts through tlidine along the Colorado River is an extension of the Monu-
south valley wall, runs transversely across the valley at righthent upwarp that projects into the fold and fault belt.
angles to the northwest trend of the valley, and exits througRermian and some Pennsylvanian rocks are widely exposed
the north valley wall. The relation of the river to the valley ison the upwarp and along the river.
thus, seemingly, a paradox (Hite and Buckner, 1981). Adding to the picturesque qualities of the Paradox Basin

The basin is bordered on the northeast by theare intrusive rocks of the La Sal, Abajo, and Sleeping Ute
Uncompahgre Plateau, a broad anticline cored by PrecarMountains that lie within the basin, and intrusive centers
brian rocks and faulted along its southwestern side (fig. 2such as the Henry, Carrizo, La Plata, Rico, and San Miguel
The east side of the basin is bounded by the San Juan donguntains in surrounding areas. These intrusive rocks are
an area that is covered, in part, by Tertiary volcanic rocks. lhate Cretaceous to Tertiary in age, and their emplacement
the Needle Mountains, a prominent feature of the southerdeformed the enclosing sedimentary rocks into broad domes.
San Juan dome, Precambrian rocks are widely exposed. The The current structural configuration of the basin and
southeast end of the basin is defined by the northeast-trenglurrounding area is shown on plate 2, a structure contour map
ing Hogback monocline that extends southwestward frongirawn on the base of the Cutler Group or Formation. This
the Durango, Colo., area through northwestern New Mexicthorizon was chosen because the data set for the horizon is the
The southern and southwestern border of the Paradox Basifost complete for any stratigraphic unit discussed in this
is rather poorly defined topographically, extending north-report. Older stratigraphic units are generally less suitable
westward from Four Corners (the junction of Utah, Colo-hecause of the fewer wells that penetrated those units, and
rado, New Mexico, and Arizona) across the Monumen{ounger stratigraphic units are commonly eroded and incom-
upwarp to the Henry Basin. The northwest side is bounded lyylete, making them less useful for a structure contour map.
the San Rafael Swell, and the far northern end of the basin  pjate 2 shows, in circled numbers clockwise from upper
merges with the southern end of the Uinta Basin. left (1) the high area of the San Rafael Swell, (2) the high area

Structural and topographic features of the Paradowfthe Uncompahgre Plateau, flanked on its southwest by the
Basin are very diverse. The northern part of the basin hafeepest part of the Paradox Basin, (3) McEImo dome west of
been termed the “Paradox fold and fault belt” (Kelley,Cortez, Colo., (4) the low area of the San Juan Basin in north-
1958b). This area consists of a series of roughly parallelyestern New Mexico, (5) the high area of the northern Defi-
northwest-trending faults, anticlines, and synclines. Thence Plateau in northeastern Arizona, (6) the high area of the
northeastern part of this division is most complexly foldedMonument upwarp in southeastern Utah, and (7) the low area
and salt from the Paradox Formation has risen diapirically tof the Henry Basin. The sharp flexure of Comb Ridge mon-
the surface. Dissolution of salt in the center of some antiecline is clearly evident on the eastern side of the Monument
clines in this region has caused down-faulting and the formaspwarp. Also evident is the structural nose that extends
tion of grabens along the anticlinal crests. Rocks as old asortheastward from the northern end of the Monument
Pennsylvanian are exposed in the cores of some of the antipwarp along the Colorado River into the fold and fault belt.
clines, and remnants of Cretaceous rocks are present in somerthwest-trending contours in the northeastern part of the
synclines and in collapsed blocks within some anticlines. Theasin are evidence of the salt anticlines in the fold and fault
southwestern part of the fold and fault belt is also faulted anfelt. Because of the relatively widely spaced control points,
folded but lacks the complex piercement structures of theffsets on faults are not shown on this map.
northeastern part.

South of the fold and fault belt are the Blanding Basin
and the Four Corners platform (fig. 2). The Blanding Basin PREVIOUS STUDIES AND NOMENCLATURE
is a generally undeformed area in which Jurassic and Creta-
ceous rocks are at the surface. The Four Corners platform is The remoteness and inaccessibility of much of the Par-
a structurally high bench capped by Cretaceous rocks thatlox Basin served to isolate it from the scrutiny of geologists
separates the Paradox and San Juan Basins. The Hogbagkil the latter half of the 19th century. Powell’s historic voy-
monocline defines the southeast side of the Four Corneegges down the Green and Colorado Rivers were the first
platform. detailed accounts of the area (Powell, 1875). The Henry
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Figure 1.  Map showing geographic features of the Paradox Basin and adjacenf&eAsch CanyonPDC, Dark CanyonGC,
Gypsum CanyonS, Island in the Sky district of Canyonlands National Park. Circled numbers refer to other figures in this report that
are photographs of outcrops or that indicate locations of well logs.

Mountains, just west of the basin, were the last major mounexposures along Cutler Creek, 4 mi north of Ouray, Colo. It
tains discovered in the American West. was considered provisionally Permian in age due to a lack of

Whitman Cross and his associates studied the rocks déssils. The Rico Formation was named by Cross and Spen-
the San Juan Mountains of southwestern Colorado at theer (1900) and was considered Pennsylvanian and Permian
beginning of the 20th century and were among the first ton age. The Rico was thought to represent beds transitional
describe the Permian rocks outcropping in that area. Thieetween the largely marine Hermosa Formation or Group
Cutler Formation was named by Cross and others (1905) fdrelow and the continental Cutler Formation above.
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Figure 2. Map showing structural elements of the Paradox Basin and adjacent areas. Dashed lines indicate transitional or indefinite
boundaries between elemeR¥A, Paradox Valley anticlin€GCA, Cane Creek anticlin§D, Shafer dome. Modified from Kelley (1958a,
1958b).

Interest in the water, mineral, and oil and gas resourcasember, and Hoskinnini tongue. The Rico Formation was
of southeastern Utah prompted more geologic studies duringlso recognized in southeastern Utah and was considered
the early 20th century. Baker and Reeside (1929) defined tHeermian in age. Key reports from this period include Long-
units of the Cutler in southeastern Utah and introducedvell and others (1923), Baker and others (1927, 1936), Gil-
names that are still in use today. In their terminology, thduly and Reeside (1928), Baker and Reeside (1929), Gilluly
Cutler Formation included, from bottom to top, the Halgaito(1929), Baker (1933, 1936, 1946), Dane (1935), Gregory
tongue, Cedar Mesa Sandstone member, Organ Rock tong#938), and McKnight (1940). These studies were directed
De Chelly Sandstone member, White Rim Sandstonenainly toward mapping the surface rocks and structures
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because of the paucity of deep drilling in the basin at thabf these reports are cited below in discussions of individual
time. They did provide the basic geologic framework of therock units. Of particular note is Lohman (1974), whose
basin, which has been refined by subsequent geologigeport includes many color photographs of rocks in Canyon-
studies. lands National Park. Additional data are summarized in
One of the oldest oil fields in Utah was discovered in Dubiel, Huntoon, Condon, and Stanesco (1996) and Dubiel,
1908 at Mexican Hat (Lauth, 1978); wildcat drilling took Huntoon, Stanesco, and others (1996).
place in many areas of the basin through the mid-1950's.
Discovery of the giant field at Aneth, southeast of Bluff,
Utah, in 1956 (Matheny, 1978) accelerated deep drilling in
the basin. Wengerd and Strickland (1954) and Wengerd and
Matheny (1958) used the newly drilled deep wells to inte- DATA
grate the geology of Pennsylvanian and Permian units

throughout the Four Corners area. Wengerd and Mathen?/ The main sources of data for this study are geophysical
(1958) raised the Cutler to Group rank and, additionally,/09S from wells drilled throughout the Paradox Basin and

included what they called the “Rico transitional facies” in SUrrounding areas (Appendix 1). A collection of paper logs

the Cutler. The Rico was thought to be of both PennsylvaVas purchased and was used as the baS|_s for the correlations

nian and Permian age. and maps presented here. Types of logs include gamma-ray,
Baars (1962) presented regional correlations of perheutron, spontaneous potential, resistivity, conductivity, and

mian units of the southern Colorado Plateau. He used moé"f'terval transit time (sonic). A total of 202 well logs were

of the terminology introduced by Baker and Reeside (1929)“3("‘d for this study.

and modified by Wengerd and Matheny (1958) for the Cut- ~ SuPplementing the geophysical logs were sample logs
ler. Baars differed from previous workers mainly in his Tom the American Stratigraphic Company (AMSTRAT).

rejection of the concept of the Rico as a transitional unitt hese sample logs were used to match specific lithologies to

between Pennsylvanian and Permian strata. On the basis B¢ 9eophysical log responses. The logs were invaluable in
field studies by Shell Oil Co. in the 1950’s, Baars (1962) rec-Working out correlations of the lower part of the Cutler
ognized a regional unconformity between the HermosgC'oUP- .
Group and the Cutler Group. In addition, he formally named A third major source of data was a database of petro-
the Elephant Canyon Formation for a succession of Permiaﬁ’u.rn exploration wells, ComP"ed_by chky Mountain Geo-
(Wolfcampian) carbonates in the northwestern part of thdogical Data}bases, Inc., Wh'Ch IS m.alnly. concgrned with
Paradox Basin. The Elephant Canyon was described as graaenl?sylvanlan gnd older stratigraphic units. This database
ing laterally into the Halgaito Formation and interfingering Provided a consistent top for the Hermosa Group.
with the overlying Cedar Mesa Sandstone. Baars (1962)  Other sources of data were reports concerning Permian
defined the Elephant Canyon as entirely Permian in age, pbuocks in the Paradox Basin area. Surface rocks have been
he recognized that the base of the undivided Cutler along thétudied previously by other geologists, and thus lithologies
Uncompahgre front was likely Pennsylvanian. and thicknesses of outcropping units in areas not visited by
This system of nomenclature was widely accepted andhe author were available (Appendix 2). Data were cgllected
used until Loope (1984), Loope and others (1990), and sandrom descriptions of _97 outcrop areas. Pgbllshed isopach
erson and Verville (1990) questioned the presence of af@pPs and cross sections of sulbsurface units were .also con-
unconformity beneath the Elephant Canyon. FurthermoreSulted to see how other geologists portrayed the units.
some strata in the Elephant Canyon that were considered | examined outcrops of Permian and adjacent rocks
Permian in age by Baars (1962, 1987) were interpreted adroughout the Paradox Basin. Localities visited included
Pennsylvanian (Missourian and Virgilian) by Sanderson andnuch of Canyonlands National Park, the adjacent Glen Can-
Verville (1990). Loope (1984) and Loope and others (1990)0N National Recreation area, the San Rafael Swell, the
recommended abandonment of the name “Elephant CanyoMonument upwarp and the canyon of the San Juan River, the
Formation.” They assigned the lower part of the Elephangf€a of salt anticlines in the northeastern part of the basin,
Canyon to the underlying Hermosa Group and renamed thand the Permian outcrops that flank the Needle Mountains in
upper part the “lower Cutler beds.” The Hermosa was conSouthwestern Colorado.
sidered Pennsylvanian and the lower Cutler beds Permian. In

METHODS

this report, | present regional cross sections wherein | show CONTOUR MAPS
my correlations of this problematic interval in the subsurface
of the Paradox Basin. The isopach and structure maps compiled for this report

Due to the exceptional exposures of the Cutler in thevere constructed using a program called Interactive Surface
Canyonlands area of southeastern Utah, there are many thodeling (ISM), formerly marketed by Dynamic Graphics,
ses and reports dealing with this stratigraphic interval. Manyinc. A base map was digitized to provide a geographic base
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for the other maps, and then individual files containing locaeight scattered-data points that fall within one-half cell of a
tion and thickness data were gridded and contoured. Seveglid node were used in this feedback procedure.

figures in this report show log curves with picks of geologic Once the minimum tension grid surface is calculated,

units. These picks were made by me and are the data thaf\y can use the grid to construct contour maps, cross sec-
were compiled into the isopach and structure maps. The prggns, and perspective views of surfaces. It is essential to
jection of the maps is Lambert conformal conic based OReen in mind that the final products are calculated from the
standard parallels 33° and 45°. grid values, not from the scattered data. Thus, there is some
Computer contouring is, by its nature, an averaging prodegree of averaging of the original data when constructing
cess that is dependent on two factors: (1) the quality of thihe contour maps.
data input into the program and (2) the method used to calcu-  The point of this discussion of techniques, and the rele-
late the contours. The quality of the input data is itself madggnce to the present study, is to illustrate that the contour
up of several factors, including, but not limited to, (1) themaps presented herein were constructed using a consistent
number of control points used, (2) the distribution of the conget of procedures that result in repeatable results. This
trol points, (3) the number of stratigraphic units penetrateghathod differs from hand-contouring methods because in the
by each well, and (4) the accuracy of picks made by thgyter technigques the geologist commonly contours using a
Investigator. set of ill-defined and inconsistently applied procedures that
The detail shown by the isopach maps would have beentroduce biases according to the individual's intent. This is
greater if more logs had been used; however, budget and timet to say that a hand-contoured map is any less accurate than
constraints limited the data set to the selected subset of wells.computer-generated map. An individual's knowledge of an
Because of this, the maps and cross sections provide an ovearea is essential to the successful portrayal of a unit that is
view of the geology of the basin rather than a detailed analysresent in the subsurface and that is only known at scattered
sis of local areas. The area of salt anticlines, in theontrol points.

northeastern part of the basin, is especially complex, both  gpe of the shortcomings of computer-generated contour
structurally and stratigraphically. maps is that in areas of widely spaced control points, the
The methods used for computer contouring varyimportance of some data values may be exaggerated. For
according to the program used. In the ISM program used faxample, pinch-outs of units are not located precisely
this study, a grid is first constructed that is the basis for thbecause of the distance between control points that define the
contour lines. A grid defines a surface in three-dimensiongbinch-outs. Rather than disregarding computer-generated
space that is calculated from the input scattered-daya) maps as useless and going back to the “old-fashioned method
coordinates. The area shown on the maps was divided intooh eyeballing,” the limitations of computer maps need to be
grid matrix of 300 rows and 300 columns. This is equivalentecognized and taken into consideration in any analysis of the
to a grid spacing in the direction (longitude) of about 0.75 data.
miles and a grid spacing of about 0.9 miles inytlrection
(latitude).

Each grid node (intersection points between grid lines) STRATIGRAPHY
is calculated in two steps: (1) initial estimation of grid node
values and (2) biharmonic iterations using scattered-data |, thjs report, the Cutler Group is considered to consist
feedback. The initial estimate is made by dividing the two-f the following lithostratigraphic units (fig. 3): (1) a lower
dimensionalx, y space into octants centered on each gricctier unit that includes part of the Elephant Canyon Forma-
node (Dynamic Graphics, Inc., 1988). Scattered-data poinify of Baars (1962), the “lower Cutler beds” of Loope and
are selected within each octant depending on their distribysihers (1990), the Rico Formation of some reports, and the
tion. Nearby points are used first within each octant, and thga|gaito Formation, (2) the Cedar Mesa Sandstone, (3) the
program will not search past two points in adjacent octants t9rgan Rock Formation, (4) the White Rim Sandstone, and
calculate an empty octant; however, if no data are near a grid) the De Chelly Sandstone. Where the Cutler cannot be
node, the program will search to the edge of the data set Qybdivided, it is recognized as the Cutler Formation, undi-
find data. Once the points are selected, they are averaggflied. The Permian Kaibab Limestone, also known locally as
using an inverse distance algorithm in which weighting ishe Black Box Dolomite, overlies the Cutler on the far west
dependent on the angular distribution of the points. side of the Paradox Basin and is discussed in the context of

After this initial estimate is made, ISM uses a bihar-Permian stratigraphy and paleogeography. The names “Rico
monic cubic spline function to fit a minimum tension surfaceFormation” and “Elephant Canyon Formation” have been
to the grid nodes. To ensure that the minimum tension suchampioned by some and vilified by others and are not used
face honors the scattered data as accurately as possibleasaformal rock-stratigraphic terms in this report. | discuss
scattered-data feedback procedure is used to keep grid nodesst usage of the units in this report and explain why | do not
tied to neighboring scattered data. In this study, as many ase them.
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Figures 23D are cross sections that show the stratimosa Formation, undivided, underlies the Cutler Group. The
graphic relationships and nomenclature for the rock unitsxceptions are along the northeastern margin of the basin
discussed in this report. The cross sections were construci®Here the Cutler overlies Proterozoic rocks and west of the
by compiling data from the isopach maps of each stratbasin, on the San Rafael Swell, where the Cutler locally
graphic unit along the lines of section. Exceptions are ioverlies Mississippian rocks. The datum used in this report
areas of pinch-outs of units, such as the White Rim Sanfbr the top of the Honaker Trail in the subsurface was gener-
stone or De Chelly Sandstone, where the isopach maps mally that picked on AMSTRAT logs or by Rocky Mountain
exaggerate by a few miles the lateral extent of the units d@eological Databases, Inc. (RMGD). The upper part of the
to widely spaced control points. Honaker Trail is characterized by thick limestone beds asso-

Disputes over correlations of the Cutler in the Paradogiated with varying amounts of sandstone and shale. The
Basin have been caused by: (1) the complexity of the Cutl@mount and composition of interbedded sandstones changes
depositional system and (2) an inconsistent use of straffom place to place in the Paradox Basin, depending on the
graphic names. In any given location, a vertical change mistance from the Uncompahgre highlands and the environ-
lithology is readily observable; in many instances, verticanents of deposition in which the sandstones were deposited.
interbedding between stratigraphic units can also be Itis unlikely thatthere is a single limestone that extends
observed. Lateral facies changes are characteristic of almtfstoughout the basin that could be used as a datum for the top
all the units of the Cutler, and this has been especially troaf the Honaker Trail. Limestones have been observed to thin,
blesome in the study of basal Cutler strata. Although expgrade into sandstone and shale, or otherwise change facies
sures along the Colorado River have aided study of tHaterally in some exposures. Atchley and Loope (1993)
Cutler, a covered interval between the Hite, Utah, area astiowed that depositional cycles in the Honaker Trail along
the Mexican Hat, Utah, area has led to correlation problemthie southwestern basin margin cannot be traced to the north.
There are also few outcrops of the Cutler in most of the eadthe limited control points in some areas of the basin make it
ern two-thirds of the basin, between the Colorado River arichpossible to accurately trace individual limestone beds
Monument upwarp on the west and the Uncompahgre Plaom one well to another. There is usually a marked litho-
teau and Needle Mountains on the east. logic break at the top of the Honaker Trail, however, and that

Disagreement about characteristics of the Hermosa affithe basis for the pick between the Hermosa and Cutler.
Cutler in the Paradox Basin has also led to divergent use fpxamples of this pick are shown on figure 4.
stratigraphic terms. One example is at Cane Creek anticline Reports by Dane (1935), Cater (1970), Franczyk
and Shafer dome in the northern part of the basin (fig. 2§1992), and Franczyk and others (1995) summarized the
McKnight (1940) stated that there are approximatelyithology of the upper part of the Hermosa along the north-
150-300 ft of Hermosa exposed, which are overlain by 58%ast margin of the basin, the areas closest to the Uncompah-
ft of Rico Formation. Conversely, Baars (1971) did not recgre highlands. Limestone beds are gray to yellowish gray,
ognize any Hermosa at those localities and assigned tdense, medium to thick bedded, and fossiliferous. Common
whole succession to the Elephant Canyon Formatiohossils are brachiopods, pelecypods, echinoids, corals, gas-
Another example is in the southern part of the basin along tl@pods, and fusilinids. Chert concretions are presentin some
San Juan River. Baker (1936) picked the contact between tli@estone beds. In general, sandstone beds of the upper Her-
Hermosa and the Rico at a change from massive limeston@esa in this area are gray, yellowish gray, and tan; conglom-
below to thinner limestones and red beds above, but O’'Sig+atic to fine grained; subarkosic to arkosic; and thick
livan (1965) picked the contact approximately 100 ft highebedded. The shale beds in the upper Hermosa are generally
in the section on other lithologic criteria. Baars (1962pray, green, and tan, as opposed to red shale beds in the Cut-
assigned the entire section to the Hermosa. These are but #&% and are evenly bedded. Neither Dane (1935) nor
examples of people using different names for the sanfganczyk (1992) and Franczyk and others (1995) recognized
strata; similar examples could be cited for many other placétata that could be assigned to the Rico Formation, and
in the basin. The converse, using the same name for differépater (1970) could not identify a Rico Formation in most of
strata without explicitly saying so, has also been done aris study area. The Cutler overlies the Hermosa or Protero-
has led to miscorrelations and confusion. zoic rocks in the areas discussed by those authors. Farther
southwest in the Paradox Basin, the lithology of the Honaker
Trail changes somewhat. It has been described in those areas
UNDERLYING ROCKS by Baker (1933, 1936, 1946), McKnight (1940), Wengerd
and Matheny (1958), Lewis and Campbell (1965), O’Sulli-
van (1965), Melton (1972), Loope (1984, 1985), Loope and
HONAKER TRAIL FORMATION others (1990), Sanderson and Verville (1990), and Atchley
and Loope (1993) among others.
In most of the Paradox Basin, the Pennsylvanian From Cane Creek anticline to the confluence of the
Honaker Trail Formation of the Hermosa Group, or the HeGreen and Colorado Rivers (hereafter called the
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Confluence), the Honaker Trail is composed of thick beds of  In contrast to areas north of Elk Ridge, the Honaker

sandstone, limestone, and shale. McKnight (1940, p. 22jrail Formation along the San Juan River has relatively little

reported that sandstone and arkose make up 49 percent of Hehdstone and proportionately more limestone and shale. In

formation, limestone 31 percent, and shale 20 percent atsgsection on the San Juan River, H.D. Miser measured 840.5

location on the Colorado River just upstream from the Conft of the Honaker Trail (Baker, 1936). Of this thickness, less

fluence. Sandstone beds are as thick as 75 ft, limestone batlan 5 percent is sandstone, 55 percent is limestone, and 40

are as thick as 40 ft, and shale beds are as thick as 20 ft. Sapdrcent is shale or covered interval. As in areas to the north,

stone is white, gray, greenish, or reddish; fine to mediunimestone beds here are thick, gray, massive, cherty, and fos-

grained; and commonly cross-bedded. Limestone is grawiliferous. Shale beds are also thick and are mainly gray and

dense, fossiliferous, and contains chert nodules in somealcareous. The few sandstone beds are gray to yellow, cal-

beds. Shale is mainly gray to green, although some beds atereous, fine grained, and cross-bedded. Baker (1936) noted

reddish. Shale beds are commonly calcareous and contatimat, although the contact of the Hermosa with the overlying

marine fossils in some places. Rico is gradational, the massive, somber-colored limestone
Some of the best exposures of the Honaker Trail For@r?d sandstone of_ the Hermosa contrasts _strongly with the

mation are along the Colorado River just south of the Corfhin-bedded, reddish-colored rocks of the Rico.

fluence (Baker, 1946). In this area, the Honaker Trail is

composed mainly of interbedded limestone and sandstone in

nearly equal amounts and a small percentage of shale. Lime- RICO FORMATION AND ELEPHANT CANYON

stone occurs in beds as thick as about 45 ft and is light to dark FORMATION

gray, dense, cherty, and fossiliferous. Sandstone is in beds as

thick as about 50 ft and is light to dark gray, greenish gray The term “Rico Formation” originated with Cross and

tan, and salmon; fine to medium grained; and cross-beddeﬁ'.Oencer (1900) for exposures near Rico, Colo. (fig. 1). The
' . . ico was envisioned as a unit transitional between the Her-

Loope (1984, 1985) interpreted the sandstones in the uppg ) .
part of the Honaker Trail Formation in this area as eolian “[gosa, below, and the Cutler (at that time considered part of

origin. The sandstones have medium- to large-scale cros € polqres Formation), abpve. As suc-h, it contained both
beds and transport directions to the southeast (Loope, 198 arine limestones and continental clastic red beds. A faunal
Atchley and Loope (1993) indicated that eolian sandstone ange from dominantly brachiopods in the Hermosa to

make up about 50 percent or more of the Honaker Trail fro orn||jantly .pellecypods in the Rico was used as a distin-
the Confluence area southward to Elk Ridge guishing criterion. The upper contact of the Rico was
' vaguely defined as being the highest occurrence of Rico fos-

Honaker Trail exposures near Elk Ridge were describedis: the Cutler is unfossiliferous. The Rico was considered
by Lewis and Campbell (1965). In that area, the interbeddefermian(?) in age by Cross and Howe (1905).

lithologies of limestone, sandstone, and shale persist. Lime- The term “Rico Formation” was first used in southeast-

stone beds are gray, dense, cherty, fossiliferous, and are @ Utah by Prommel (1923), who was then followed by

thick as 60 ft. Sano!stone beds are commonly light gray, CalBaker and others (1927). Baker and Reeside (1929) corre-
careous, and as thick as 39 ft. Shale beds are gray, thin bggre the Rico throughout the Paradox Basin, and the term
ded, calcareous, and as thick as 15 ft. Lewis and Campbefb;ame commonly used in the region through the reports of

(1965,. p. BE_B) noted thgt th.e upper Hermosa is gray and the,,or (1933, 1936, 1946) and McKnight (1940). In all of
overlying Rico Formation is red, although Murphy (1987)¢heqe reports, the Rico was considered to be Permian in age,

described red siltstone in the upper Hermosa at Dark Caatermined on the basis of marine fossils, and was thought to
yon. represent beds transitional between the Hermosa and Cutler.
The southernmost exposures of the Honaker Trail arein - Baars (1962) vigorously objected to the concept of a
the canyon of the San Juan River, near Mexican Hat, Utaffansitional unit between the Hermosa and the Cutler. His
(fig. 1). This area has been described by Woodruff (1912)bjections were mainly based on (1) an interpreted unconfor-
Miser (1925), Baker (1936), Wengerd and Matheny (1958)mity between the Hermosa and Cutler in much of the region
Wengerd (1963, 1973), O'Sullivan (1965), and Goldhammesnd (2) the fact that beds assigned to the Rico are time trans-
and others (1991). Access to the Hermosa is relatively eagjtessive, becoming younger to the west. In its place, Baars
in this area because a trail leads from the rim of the canyqu962) introduced the name “Elephant Canyon Formation,”
down to the San Juan River. Although this is the type area fqyhich was defined as the sequence of Permian (Wolfcam-
the Honaker Trail Formation (Wengerd and Matheny, 1958)pian) carbonates present only in the northwestern part of the
some have argued that the name should not have beparadox Basin. Key points in the definition of the Elephant
applied here (Hite and Buckner, 1981). Evaporite rocks o€anyon are (1) that it overlies the Systemic boundary
the underlying Paradox Formation pinch out before reachingetween the Pennsylvanian and the Permian and (2) this
Honaker Tralil, so the basal contact of the Honaker Trail Fosoundary was interpreted as an unconformity. As thus
mation is arbitrary at this locality. defined, the Elephant Canyon was a chronostratigraphic
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unit, not a lithostratigraphic unit, because rocks of the undethe San Juan Basin, is probably entirely Pennsylvanian in
lying Hermosa Group have a lithology similar to that of theage.
lower part of the Elephant Canyon. Because of the varied past usage of the term “Rico For-
Although Baars’ (1962) intent was to simplify the mation” and the disputed status of the Elephant Canyon
nomenclature and refine paleogeographic interpretationfyormation, | use neither term as a formal name in this report.
many reports continued to use a mix of the terms “Rico Forlcontinue to use the term “lower Cutler beds” in the sense of
mation” and “Elephant Canyon Formation.” For exampleLOOpe and others (1990). As defined, it is a lithostratigraphic
Wengerd (1973, p. 134) showed both units as present, witiit lying above the Hermosa Group and below or adjacent
the Elephant Canyon overlying the Rico; Molenaar (1975, pto the Cedar Mesa Sandstone. As demonstrated below, this
142) only showed the Elephant Canyon; Campbell (1979, pinit consists partially of the Elephant Canyon Formation of
15) used both terms interchangeably; Loope (1984) usedaars (1962), the “Rico Formation” of some authors, and the
only the Rico Formation; and Campbell (1987, p. 93) usedilalgaito Formation, depending on the location in the basin.
only the Elephant Canyon Formation. The lower Cutler beds, as used by me, includes both Pennsyl-
a\éanian and Permian strata, based on fusilinid identifications
lresented in Loope and others (1990) and Sanderson and
erville (1990).

There is some indication that the Elephant Canyon w
used in ways other than how Baars (1962) had defined it. F
instance, a geologic map of Canyonlands National Park
including the type area for the Elephant Canyon, shows
300-400 ft of Honaker Trail Formation underlying the Ele- CUTLER GROUP
phant Canyon near the mouth of Elephant Creek (Huntoon
and others, 1982). Baars’ original definition of the unit
(Baars 1962, p. 176) stated that only 55 ft of Honaker Trail
Formation is exposed above river level at that locality.
Huntoon and others (1982) showed about 400-500 ft of Ele- Along the southwestern margin of the Uncompahgre

phant Canyon at the Confluence, whereas Baars (197aateau,the Cutler is not divided into members or formations.

stated that there is about 1,000 ft of Elephant Canyon therqt consists of a heterogeneous sequence of arkosic conglom-

Loope (1984), Loope and others (1990), and Sandersarate and lesser amounts of arkosic sandstone, siltstone, and
and Verville (1990) asserted that they could find no evidenceudstone. Detailed stratigraphic and sedimentological stud-
of an unconformity at the base of Baars’ (1962) Elephanies of the Cutler in the northeastern part of the Paradox Basin
Canyon and thus disputed the concept of the Elephant Caimclude those by Baker (1933), Dane (1935), McKnight
yon Formation. Initially, Loope (1984) reverted to the (1940), Baars (1962), Cater (1970), Rascoe and Baars
nomenclature of McKnight (1940) and Baker (1946) by(1972), Werner (1974), Mack (1977), Campbell (1979, 1980,
using the term “Rico Formation” for strata between the Her41981), Campbell and Steele-Mallory (1979), and Mack and
mosa and Cutler. Eventually, Loope and others (1990Rasmussen (1984). Paleontological studies were summa-
acknowledged that the term “Rico Formation” might be inap+ized by Lewis and Vaughn (1965) and Baird (1965).
propriate and used an interim name “lower Cutler beds” for  As a whole, the formation is dark red, purple, and
that interval. Field checking of these strata by A.C. Huffmanmaroon, although some beds are gray to greenish. Conglom-
Jr. and me in nearby Big Springs Canyon revealed that th&ates are poorly sorted; material ranges from sand size to
base of Loope and others’ (1990) lower Cutler beds corresoylders as large as 25 ft (Schultz, 1984). Trough cross-bed-
sponds to the base of the Elephant Canyon as mapped ging and horizontal bedding are present in some of the sand-
Huntoon and others (1982). stone beds, and ripple marks are present in some of the finer

Condon (1992), Huffman and Condon (1993), and Congrained rocks. There are few sedimentary structures in the
don and Huffman (1994) recognized the Rico Formation irtoarsest conglomerates, but clasts are graded both normally
the San Juan Basin. The unit had been previously identifieand inversely, and some pebbles display imbrication dipping
as such by Wengerd and Matheny (1958) and can be tractal the northeast. Pebbles, cobbles, and boulders within the
through much of the basin in the subsurface. In comparin§utler are derived from nearby Proterozoic rocks (Werner,
the southeast end of figure 4 (of this report) and cross sectid®74). In the Gateway, Colo., area, debris flow and proxi-
F-F of Condon and Huffman (1994), it is apparent that themal-braided-stream deposits have been described (Campbell,
top of our Rico Formation in the San Juan Basin corresponds980; Mack and Rasmussen, 1984; Schultz, 1984). This area
to the top of the Honaker Trail Formation as recognized herand two others along the Uncompahgre front were inter-
in the Paradox Basin. On the basis of the correlations prepreted as alluvial fans (Campbell, 1980).
sented herein, it now seems that the unit recognized as Rico Clastics of the Cutler Formation, undivided, become
in the San Juan Basin underlies the Rico of the Mexican Hafiner grained southward and westward from the Uncompah-
Confluence, and Shafer dome areas of southeastern Utajre front (Baker, 1933; Dane, 1935; Cater, 1970). Campbell
The Rico, as recognized by Huffman and Condon (1993) (1979, 1980) interpreted this as a change from a proximal

CUTLER FORMATION, UNDIVIDED
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braided facies in the northeast to meandering stream systerhave been previously assigned to the Rico (McKnight, 1940)
farther to the southwest within an alluvial fan depositionalor to the Elephant Canyon (Baars, 1971). The top of the
system. In the central and southwestern parts of the Parad@wwer Cutler beds is at the top of the Shafer limestone,
Basin, the Cutler can be divided into individual formationswhich forms a bench on either side of the river in this area.
within the Cutler Group (Baars, 1962). Baker (1933, 1946), The contact | recognize between the Hermosa and
McKnight (1940), Langford and Chan (1988, 1989), andiower Cutler at the confluence of the Green and Colorado
Stanesco and Campbell (1989) described the gradation of tiRivers (fig. 7) is the same as McKnight (1940) and Loope
undivided Cutler into the Cutler Group. The gradation doesind others (1990). The pick is at the change from massive
not occur along a sharp boundary but rather occurs over gray and white limestone and sandstone beds to red hues of
distance of many miles. Figure 5 shows the Cutler Formatiothe lower Cutler. There is an increase in arkosic beds in the
along Indian Creek, east of the Confluence, which is in théower Cutler and a decrease in the amount of limestone in
zone of gradation. Various plates in this report show thehis area. The top of the lower Cutler beds is at the base of
areas over which the constituent formations of the Cutlethe overlying Cedar Mesa Sandstone. Baars (1962) placed
Group can be recognized. all but the lower 55 ft of strata between the river and the
Plate 3 is an isopach map showing the general thicknessedar Mesa in the Elephant Canyon. McKnight (1940) con-
of the Cutler Formation or Group in the Paradox Basin. Thesidered the lower Cutler beds to be the Rico Formation.
range in thicknesses used for this map is from 0 to 8,165 ft,  The stratigraphic relationships observed at the Conflu-
although Baars (1975) mentioned that at least 15,000 ft ofnce continue southward through outcrops exposed along
Cutler had been drilled in the basin in one well. Figureghe Colorado River. | observed these outcrops by raft
3A-3D show a direct correspondence between the fold anthrough Cataract Canyon and from the canyon rim at Gyp-
fault belt and deposition of the Cutler. Within the salt anti-sum Canyon and Dark Canyon (fig. 1). At Gypsum Canyon,
cline region, the Cutler is undivided and consists of alluvial imestone beds of the lower Cutler beds are interbedded with
arkosic rocks. Outside this area, the Cutler can be dividedandstone of the overlying Cedar Mesa Sandstone. This
into formations on the basis of lithology and depositionalinterbedding at the outcrop is also evident in many of the
environments. The salt anticline area seems to have actedasll logs in the area.
a trapping mechanism for fluvial sediments being shed from  Between Dark Canyon and Mexican Hat, Utah, there is
the Uncompahgre highlands. The true distribution of thicka gap in outcrops of the strata underlying the Cedar Mesa
and thin areas is much more complex than can be shown heBandstone of nearly 50 mi. A well approximately half way
because of widely spaced control points. Rising salt antibetween those areas shows the log characteristics of this
clines caused the Cutler to both thicken markedly in the adjanterval (fig. 8). The logs shown in figure 4 also show the
cent synclines and to thin over the tops of the anticlines. Ieharacter of the lower Cutler in the subsurface of the basin.
some places within the fold and fault belt, the Cutler is In the canyon of the San Juan River, | agree with Baker
absent on the tops of some anticlines. Cross sections in Catd936) in placing the top of the Hermosa at the top of the
(1970) show the thickness variations of the Cutler in the Pamassive limestone and sandstone sequence. Overlying thin-
adox Valley area. ner bedded strata, which contain reddish sandstone and silt-
stone in addition to minor limestone, are included in the
LOWER CUTLER BEDS lower Cutler beds. The lower Cutler ?nclu_des all s_trata to th_e
base of the Cedar Mesa Sandstone in this area (fig. 9), which
CONTACTS includes beds previously assigned to the Rico and Halgaito
Formations
Basal arkoses of the Cutler Formation become finer
grained to the southwest of the Uncompahgre Plateau and LITHOLOGY AND DEPOSITIONAL ENVIRONMENTS
eventually merge into units that have been called Rico For-
mation, Elephant Canyon Formation, lower Cutler beds, or ~ In most of the basin, strata above the Hermosa and
Halgaito Formation in different parts of the basin or by dif-below the Cedar Mesa Sandstone or equivalent rocks are
ferent geologists. This interval has been the subject of mor
debate concerning correlations than any other unit in th

. . 1The Shafer limestone is not a formal stratigraphic unit recognized by
Cutler, so the bottom and top contacts, as used in this repogﬂa U.S. Geological Survey. Its name was attributed by McKnight (1940)

need to be clearly defined. to H.W.C. Prommel, a geologist who was active in stratigraphic and struc-
In the Cane Creek anticline and Shafer dome areas itral studies in the Moab area in the 1920's. The name was used by Prom-

the northern part of the basin, | pick the top of the Hermos&e! and Crum (1927) and was subsequently used by the U.S. Geological

at the same horizon as McKnight (1940) and Lohman (1974Survey in various Bulletins concerned with this area. The Shafer was used

50 hich is at the t f . hite t l t by McKnight (1940) as a marker bed for the top of the Rico Formation in
p. 52), which is at the top of massive white to gray limes ON&he area he mapped between the Green and Colorado Rivers. The Shaferis

and sandstone beds (fig. 6). The interbedded limeston@oteworthy today because the northeastern access roads leading into Can-
sandstone, and reddish mudstone beds above the Hermasalands National Park are built on this resistant unit.
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Figure 5.  Undivided Cutler Formation at Indian Creek, east of the confluence of the Green and
Colorado Rivers; person for scale in center of photo. In this area, Cutler fluvial strata are interbedded
with eolian strata. Purple fluvial strata are composed of coarse-grained channel arkose and mudstone
overbank material. This facies forms the lower part of the massive cliff just above the road. Orange
eolian strata are finer grained and form the middle part of these cliffs. Some eolian strata have been
bioturbated and are massive, but high-angle cross-beds are visible in some beds.

Figure 6. Honaker Trail Formation, lower Cutler beds, and upper part of Cutler Formation at Shafer
dome. Top of Honaker Trail is at top of bench above Colorado River. Top of lower Cutler beds is at
top of Shafer limestone (arrows). Interbedded fluvial and eolian strata of the Cutler Formation form
cliff above the lower Cutler beds. Mesozoic units form cliff in the background. Thickness of lower
Cutler beds here is approximately 580 ft.
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Figure 7. Honaker Trail Formation, lower Cutler beds, and Cedar Mesa Sandstone at the conflu-
ence of the Green and Colorado Rivers. View is to the north; Green River is on the left flowing toward
viewer. Contact between the Honaker Trail and the lower Cutler is marked by change from gray and
white beds to red beds (arrow). Cedar Mesa Sandstone forms the cliffs at the top of the exposure.
Lower Cutler beds are approximately 600 ft thick here.

a mix of quartzose sandstone and arkose, minor cotke interval, and the middle part is dominated by quartz sand-
glomerate, mudstone, siltstone, and limestone (fig. 4)tone and arkose. The Shafer limestone at the top of the lower
This package grades northwestward into a carbonat€utler beds forms a broad bench over much of this area, but
dominated succession that overlies the Hermosa armginches out on the northeastern flank of Cane Creek anti-
underlies the Organ Rock Formation or White Rim Sandeline.
stone (fig. &). Plate 4 shows the distribution and thick- Terrell (1972) interpreted the beds of the lower Cutler in
ness of these beds as recognized in this reporthe north-central part of the basin as deposits of a delta sys-
Outcrops of the lower Cutler beds in the Cane Creelem in an arid region. His model consisted of fluvial channels
anticline and Shafer dome areas in the north-central part dfaining the Uncompahgre highlands to the northeast and
the basin are dominated by quartz sandstone and arko$lewing southwestward through eolian dune fields to an
Sandstone beds are dark red, orange, and pinkish to lighpen-marine sea. The interbedding of arkose, sandstone, and
greenish gray, fine to coarse grained, and cross-bedddinestone were interpreted to represent the complex shifting
Many of the sandstone beds have been interpreted as eol@ainfluvial channels, dune fields, and delta lobes across the
deposits (Terrell, 1972). Arkose is dark red, maroon, andrea. This interpretation was supported by Tidwell (1988),
purple, fine to coarse grained, cross-bedded, and containdo discovered a thin coal seam and a flora representative of
pebbles and cobbles at the base of some beds. Arkose bedampy conditions in this same area.
commonly display scour-and-fill structures and have erosive  From the Confluence to Dark Canyon, the lower Cutler
bases. Terrell (1972) noted a 60-ft conifer log in an arkoseeds are characterized by the same mix of quartz sandstone,
channel at Cane Creek anticline; similar petrified wood isrkose, and limestone that is present at Cane Creek anticline
present in the core of Shafer dome (fig. 10). The coarse graamd Shafer dome (Baker, 1946; Lewis and Campbell, 1965;
size, sedimentary structures, and association with channeleope, 1984). Loope (1984) pointed out that much of the
indicates deposition of the arkose in fluvial channels andandstone in the lower Cutler is fine to medium grained and
related environments. Red, brown, and green siltstone aross-bedded in medium- to large-scale sets. The transport
mudstone is also commonly interbedded with sandstone direction of these sandstones was to the southeast. Loope
arkose. (1984) interpreted these sandstone beds as eolian in origin.
Limestone beds are gray, cherty, and fossiliferousOther sandstone beds are flat-bedded, fine to coarse grained,
Limestone beds are most abundant near the top and baseanfl contain vertebrate trackways in places (Loope, 1984).



P16 EVOLUTION OF SEDIMENTARY BASINS—PARADOX BASIN

Limestones are both gray, thick bedded, cherty, and fossilif-
erous and thin bedded and sandy to argillaceous. Limestones
are again concentrated at the top and base of the lower Cutler
in this area; the middle part is mainly red beds. A limestone
Organ Rock Formation bed at the top of the interval, northeast of the Confluence,
was observed to be cross-bedded. This, or a similar bed, was
interpreted as a migrating sand wave (Loope, 1984) or a tidal
channel (Kocurek and Nielson, 1986). One limestone bed at
- the top of the lower Cutler beds pinches out to the northeast
in outcrops along the Colorado River (McKnight, 1940).
Other limestones appear higher in the section northwestward
from the Confluence area (fig. 4). Mudstone and siltstone
~ ' beds are present, but poorly exposed, in the lower Cutler

beds. Desiccation cracks, adhesion ripples, possible paleo-
Cedar Mesa Sandstone sols, and leaf fragments in mudstone and siltstone beds sug-
gest deposition in lacustrine or tidal-flat environments
(Loope, 1984; Kocurek and Nielson, 1986).

— In the San Juan River canyon, the lower Cutler beds
(previously included in the Rico Formation) consist of silty
1500 sandstone and siltstone interbedded with limestone and mud-
stone. Sandstone is white, gray, and red, silty, very fine
grained, and cross-bedded. Siltstone is reddish brown, cal-
careous, and slope forming. The siltstone gives this part of
the section its characteristic reddish hue. O'Sullivan (1965)
noted that the siltstone beds are very similar to those in over-
lying strata he mapped as the Halgaito Formation. Limestone
- beds are gray to brown, sandy, fossiliferous, and form later-
ally persistent ledges along the canyon walls (fig. 9). Some
Lower Cutler beds of the sandstone beds are also calcareous and form ledges
similar to the limestone beds.

Moenkopi Formation

el

11000

This part of the section consists of several prograda-
tional-transgressive cycles in which continental red beds are
sharply overlain by transgressive marine limestones. The lat-
| Honaker Trail Formation  eral continuity of strata, general lack of channel deposits,
and homogeneity of the red bed units indicates deposition in
— a low-relief area near the sea but not in an area influenced by

prograding delta lobes. Murphy (1987) interpreted the red
lltstones of this interval as loess deposits.

Figure 8.  Well log showing the lower part of the Moenkopi For-
mation, Organ Rock Formation, Cedar Mesa Sandstone, lower C
ler beds, and the upper part of the Honaker Trail Formation at EIk At the surface in the San Juan River area, the upper part
Ridge. Well is number 94 (plate 1 and Appendix 1). Log curves aref the lower Cutler beds (previously included in the Halgaito
gamma ray on the left and interval transit time on the right. Note thegrmation) is brick red and consists mainly of interbedded
blocky nature of the Cedar Mesa Sandstone that contrasts with iQ‘ery fine grained silty sandstone and sandy siltstone. Some

terbedded limestone, mudstone, and sandstone of the lower C”tLeéndier or more calcareous beds weather to ledges, but as a

beds. Mas_snve Ilmestone a_nq sandstone beds mark the top of the |-\lfvoﬁole the unit forms a slope below the Cedar Mesa Sand-
naker Trail. Vertical scale is in feet.

stone (fig. 9). A few thin, gray, nodular limestone beds that

Kocurek and Nielson (1986) interpreted these strata as eolid@inch and swell along strike are present near the base of the
sand sheets. Arkose beds in the Cataract Canyon area &fit. Some thin fluvial channels contain limestone pebble
generally confined to the lower part of the section (Bakerconglomerates, and paleosols are present throughout the sec-
1946; Loope, 1984) and are finer grained than correlativéon. Vaughn (1973) summarized the vertebrate fauna in
beds to the northeast in the Moab area. These arkose bdbese strata and stated that the vertebrate fossils are confined
seem to indicate renewed uplift of the Uncompahgre highto stream-channel deposits. The fauna includes abundant
land, possibly accompanied by a wetter climate and #&esh-water sharks, rhipidistian crossopterygian fish,
resulting pulse of arkosic sediment into the basinactinopterygian fish, lungfish, amphibians, and primitive
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Figure 9.  Honaker Trail Formation, lower Cutler beds, and Cedar Mesa Sandstone at
Johns Canyon, west of Mexican Hat, Utah. Top of Honaker Trail forms the lower ledges at
the base of the exposure. Top of Rico Formation is at top of double ledge in center of pho-
tograph. Halgaito Formation forms slope at base of Cedar Mesa cliffs in background and is
about 465 ft thick here. Cedar Mesa is of variable thickness due to erosion but averages
about 700 ft in this area.

Figure 10.  Stump of petrified wood from lower Cutler beds near the Colorado River in the center

of Shafer dome; Brunton compass in center of photograph for scale. Other wood is encased in arkosic
channel sandstone bed in background. Channel sandstone is just above contact with the Honaker Trail
Formation. Terrell (1972) described a similar “conifer” log from the nearby Cane Creek anticline in
beds at the same stratigraphic position.
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reptiles. The flora of this interval includeGalamites  Halgaito Formation. An issue not addressed, however, is the
arborescent lycopods, and seed ferns (Vaughn, 1973). relationship of strata mapped as Rico in Cataract Canyon

Gregory (1938, p. 41) noted the similarity of the strats{Lewis and Campbell, 1965) to the Rico of the San Juan
previously mapped as Rico and Halgaito and stated, “Exceftiver canyon area. Baars (1962, p. 172) assigned the San
for the fossils and the larger numbers of persistent limestondian River Rico to the Hermosa, thus recognizing a simple
beds in the Rico there is little to distinguish that formationgradation of the Elephant Canyon into the Halgaito.
from the overlying Cutler. Both are Permian red beds, both  Examination of strata in both places and at other locali-
are dominantly calcareous, irregularly bedded, more or ledses on the Monument upwarp has led me to somewhat differ-
arkosic sandstones with considerable range in texture. Weeant conclusions. In comparing lithologies, thicknesses, and
it not for established usage the Rico and the lowest Cutléhe relationship of the lower Cutler to the Cedar Mesa Sand-
(Halgaito member) might be combined in one formation...."stone, | believe that the Rico of the San Juan River area cor-
It is for this reason that | combine the two units into the lowerelates with the lower Cutler of Dark Canyon, Cataract
Cutler beds in this report. Canyon, and Arch Canyon, which is just west of Bluff, Utah.

The underlying Honaker Trail Formation of the SanThe Halgaito grades northward into the Cedar Mesa, or may
Juan River area was deposited as a combination of deep- ap@ve been locally eroded, and is equivalent to a portion of the
shallow-water marine carbonates interbedded with coastalower Cutler beds in areas north and west of the Confluence
plain siltstones and sandstones (Atchley and Loope, 1993)here the Cedar Mesa grades laterally into these beds (Baars,
The lower Cutler of this area reflects deposition in thesel987). The Halgaito is absent in Arch, Dark, and Gypsum
same environments. The overall progradational sequence 6nyons and over a large part of the Monument upwarp in
the lower Cutler is marked by several marine transgressior{ge subsurface. Gregory (1938) noted local erosion and con-
in its lower part (Rico), whereas the upper part (Halgaito) i§lomerates at the base of the Cedar Mesa Sandstone in sec-
entirely continental. Murphy (1987) proposed an eolian orifions he examined in the Monument upwarp area, suggesting
gin for many of the red beds of the Rico and Halgaito in thén unconformable relationship. My stratigraphic studies sup-
San Juan River area. Her proposed model is that the red b/t the idea of a local unconformity there, indicating that the
are, in large part, loess that was deposited downwind froPwarp may have been a positive feature during or shortly
eolian strata of the upper Hermosa Group and Cedar Me&dter deposition of the Halgaito. These relationships are
Sandstone. Several lines of evidence were used to supportg#wn in figure 11. On the basis of these correlations, the
interpretation of loess rather than supratidal deposits for thgalgaito is included in the lower Cutler beds as used in this
red siltstone. These included (1) the grain size of the siltstorf€pPort.
is typical for loess deposits, (2) detrital dolomite rhombs are  This idea is not without precedent. Although they were
largely unabraded, (3) laminated to massive siltstone bedgorking with limited outcrops and no subsurface data, Baker
are the most common lithofacies, and this lithofacies lackand Reeside (1929, p. 1423) showed a northward gradation
bedforms related to subaqueous deposition, (4) paleosolsf the Halgaito into the Cedar Mesa Sandstone. Plates 4 and
characterized by rhizoliths and carbonate nodules, are corh-show this relationship in plan view. On plate 4, the lower
mon throughout the red-bed sequence, and (5) chaotic or digutler is thick in the San Juan River area, thins northward
rupted bedding, which would have been caused byverthe Monumentupwarp, and thickens again northwest of
precipitation of halite or gypsum in a supratidal environmentthe Colorado River. Plate 5 shows the thickest area of Cedar
is absent in the red beds. Interbedded limestone-pebble coMlesa Sandstone in the Hite area where the lower Cutler is
glomerates were deposited in streams flowing through ththin. Baars (1962, p. 169) noted that the Halgaito also grades
loess deposits. Johnson (1989) described a contemporanedu the Cedar Mesa west of the Monument upwarp.
depositional system in the Pennsylvanian to Permian Maroon  |n the subsurface, the lower Cutler beds (Halgaito and
Formation in the Eagle Basin, on the north side of theRico) can be traced eastward from the Mexican Hat area as a
Uncompahgre uplift, that may be similar to that of the lowerdistinct unit above the Hermosa and below the Cedar Mesa
Cutler in this area. The paleontological data cited by Vaughgandstone and equivalent beds (pl. 4). Thick limestones of
(1973) suggests a drying trend through the Cutler of this arethe Rico eventually grade into red beds, in a manner similar
but the fauna and flora of the Halgaito indicate wetter condito that shown on figure 4. This gradation to red beds occurs
tions than those that followed in the upper Cutler. at about the Utah-Colorado State line. However, an impor-

tant characteristic of the red bed interval in southwestern

Colorado, northwestern New Mexico, and northeastern
CORRELATIONS Arizonais the presence of abundant thin limestone beds. This

interval was mapped as Halgaito Formation by Huffman and

Baars (1962, 1987) stated that the Elephant Canyon FoGondon (1993). In southwestern Colorado, the limestone
mation (lower Cutler beds of this report) grades southwartheds pinch out in the easternmost wells, but, in New Mexico,
from Cataract Canyon into the Cedar Mesa Sandstone afichestone beds are abundant in the wells along the San Juan
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Figure 11.  North-south-oriented cross section extending from the General Petroleum 45-5-G well, just east of the San Rafael &nalls @ang the San Juan River, west ofg
Mexican Hat, Utah. Location of the cross section is shown on plate 1; well numbers and outcrop number above well logsl tomesploers on plate 1 and in Appendixes 1 andy
2. Relationships show that the Halgaito Formation grades laterally into the lower part of the Cedar Mesa Sandstone réath hfghdRiver. The Cedar Mesa grades into Iow@
Cutler beds northwest of the confluence of the Green and Colorado Rivers. Lower Cutler beds include strata previousiy thel®Riedl Formation or Elephant Canyon Formation®@
in the north and Rico Formation or Halgaito Formation in the south. The numbers at the top of the Hermosa Group are tglepthsdrem the Rocky Mountain Geological S
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River northwest of Farmington. The southernmost well in thehis marine sequence. The lobate pattern of thick and thin
New Mexico data set is the only one in this area that does nateas of much of the lower Cutler (pl. 4) supports an interpre-
contain limestone beds. Several of the holes in northeastetation of deposition on shifting delta depocenters. Strata of
Arizona also contain limestone beds in the lower Cutler interthe Halgaito Formation, which was only recognized in out-
val, suggesting a southeast-oriented depression in the Fotmop in a small area of southeastern Utah, may be more
Corners area in which limestones, probably of pedogenic orelosely related to eolian processes.
gin, accumulated. This area also remained low during the
subsequent deposition of the gypsiferous facies of the Cedar
Mesa Sandstone. CEDAR MESA SANDSTONE
Southwest and west of the Paradox Basin the lower Cut-
ler grades into the Pakoon Limestone or Oquirrh Group, The Cedar Mesa Sandstone is a thick, largely eolian
respectively (Johnson and others, 1992). These rocks weg@ndstone that was named for a mesa adjoining the San Juan
deposited in a variety of shallow- to deep-marine environRiver in the Mexican Hat, Utah, area (fig. 9). The Cedar
ments and do not show evidence of being affected by the Cu#esa is exposed over extensive areas in the southwestern
ler depositional system that was tied to the Uncompahgr@aradox Basin along the Colorado River and on the Monu-
highlands. ment upwarp. It grades northeastward into the undivided
Cutler Formation and northwestward into carbonates of the
lower Cutler (Elephant Canyon of Baars, 1987). Southeast of
AGE the Monument upwarp, the Cedar Mesa undergoes a facies
change to interbedded sandstone, shale and siltstone, lime-
Sanderson and Verville (1990) demonstrated, and Baagone, and anhydrite or gypsum. This facies was correlated
(1991) agreed, that the lower part of Baars’ (1962) Elepharsoutheastward into the San Juan Basin by Huffman and Con-
Canyon Formation is Virgilian in age. The General Petrodon (1993). Southwestward, the Cedar Mesa grades into the
leum 45-5-G well that was the subject of Sanderson and VeEsplanade Sandstone, which in turn grades westward into the
ville’s (1990) study is shown on figure 4 (well no. 22). NotePakoon Limestone and Queantoweap Sandstone (Blakey,
that on figure 4 some strata assigned to the Elephant CanydR79, 1990). The Cedar Mesa is thickest in the southwest
by Baars (1987) in this well are included in the Honaker Traipart of the study area, where itis 1,330 ft thick in one well; it
Formation in this report. The pick for the Honaker Trail inis 1,000 ft thick or thicker in a large area just west of the
this and adjacent wells is based on data from the Rockylonument upwarp (pl. 5). Due to gradation of one unit into
Mountain Geological Databases data set. As shown on figuytéle other, the Cedar Mesa is thickest where the lower Cutler
4, the lower part of the lower Cutler beds is Virgilian in agebeds are thin. The Cedar Mesa has been discussed in reports
and the upper part is Wolfcampian. The Virgilian carbonate®y Baker (1936, 1946), Sears (1956), Mullens (1960), Baars
can be traced to the southeast to a point just southeast of ##62), Witkind and Thaden (1963), Lewis and Campbell
Colorado River, where they grade into red beds. Southeast 6§965), O’Sullivan (1965), Chamberlain and Baer (1973),
this pinch-out, strata of the lower Cutler and the Cutler ForMack (1977), Loope (1984, 1985), Langford and Chan
mation, undivided, are also Virgilian and Wolfcampian in (1988, 1989, 1993), Stanesco and Campbell (1989), and
age, but the thickness of Virgilian strata is uncertain becaudeockley and Madsen (1993).
of a lack of marine fossil-bearing limestones. Data from The Cedar Mesa Sandstone consists of several interbed-
Franczyk and others (1995) suggest that the base of the Cuied lithofacies that vary in abundance geographically. The
ler is probably Missourian, and possibly as old as Desmoirmain lithology is light gray to yellowish gray, fine- to coarse-
sian, along the Uncompahgre Plateau. The Pennsylvaniagrained, cross-bedded and flat-bedded, quartzose sandstone.
Permian boundary is also shown on figure 11, which extendSross-bedded cosets display small- to large-scale trough and
from the General Petroleum 45-5-G well southward to theabular-planar cross-bedding. The size of cross-bed sets and
San Juan River. The correlations suggest that the boundarytie grain size of the sandstone decreases from northwest to
within strata traditionally assigned to the Rico in the Sarsoutheast (Langford and Chan, 1993), and sand-sized marine
Juan River area. fossil fragments decrease from west to east (Stanesco and
Deposition of the lower Cutler beds in the ParadoxCampbell, 1989). Eolian transport directions, interpreted
Basin records the filling of the basin in the Late Pennsylvafrom foreset dip orientations, are mainly to the southeast
nian to Early Permian. This process proceeded from east f{dlack, 1977; Loope, 1984; Stanesco and Campbell, 1989).
west and north to south, with clastic rocks derived from thénversely graded laminae, sand-flow toes, contorted strata,
Uncompahgre highlands displacing marine waters. Intermitand rhizolith zones are components of the cross-bedded
tent transgressive pulses deposited marine limestones with#@ndstone (Loope, 1984; Stanesco and Campbell, 1989).
a mainly red-bed sequence. A marine embayment persisted Flat-bedded cosets consist of thinly bedded, horizontal
in the northwest part of the basin through most or all of théo low-angle laminae and small-scale trough sets. A related
Wolfcampian, and red beds of the lower Cutler grade intdacies consists of mottled and bioturbated sandstones that
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display poor stratification and nodules of limestone. Thesetrata equivalent to the Cedar Mesa. Chamberlain and Baer
were interpreted as paleosols by Loope (1980) and Stanes¢t®73) reported on Thalassinid decapod burrows from
and Campbell (1989). Figure 8 shows the characteristic geappermost beds of the Cedar Mesa that are considered indi-
physical log response of the Cedar Mesa sandstone faciescators of a marine environment.

In some areas, siltstone or mudstone beds are common On the basis of wind-ripple stratification, numerous
features of the Cedar Mesa (fig. 12). Siltstone and mudstonehizolith zones, consistent transport orientations, lack of
occur mainly around the periphery of the thickest area ofnarine macrofossils, and the presence of vertebrate track-
Cedar Mesa (pl. 5). Some siltstone and mudstone beds aneays, Loope (1981, 1984) interpreted virtually all the cross-
associated with fluvial strata of the undivided Cutler thatbedded sandstone facies of the Cedar Mesa as eolian.
interfinger with the Cedar Mesa along its northeast boundLoope’s arguments have been supported by Campbell
ary. Other siltstone and mudstone beds are thin and lenticul§t986), Chan and Langford (1987), Langford and Kamola
and grade laterally into cross-bedded or flat-bedded eolia(1987), Blakey and others (1988), Langford and Chan (1988,
strata. Root casts and mud cracks are present in these beti889, 1993), Stanesco and Campbell (1989), and Langford
which were deposited in interdune areas. and others (1990), who discussed the Cedar Mesa as an

Limestone beds are also associated with the Cedaolian deposit. Lockley and Madsen (1993) reported addi-
Mesa in some areas. In the Gypsum Canyon area, mariri@nal examples of vertebrate trackways in the Cedar Mesa
limestone beds of the lower Cutler are interbedded witithat support a nonmarine interpretation.
sandstones of the Cedar Mesa at a gradational contact (fig. These recent studies have documented eolian sedimen-
13). This type of gradational contact is common in the aregary features in the Cedar Mesa that make it likely that much
northeast of Comb Wash and north of the San Juan River iof the formation is eolian in origin. However, on the edges of
the subsurface of the Paradox Basin (pl. 5). In this areahe dune field, other depositional environments exerted a
placement of the contact is somewhat arbitrary and dependgeater influence. The Cedar Mesa grades northwestward
on the proportions of sandstone, siltstone or shale, and liménato carbonate-bearing beds of the lower Cutler, and the per-
stone. Intervals consisting of mainly sandstone and a fewentage of marine fossil fragments in the Cedar Mesa
limestones were included in the Cedar Mesa. In wells havinincreases northwestward. The source of these fossil frag-
relatively little sandstone and abundant limestone, the lithoments and quartz sand was most likely carbonate and silici-
facies were assigned to the lower Cutler. clastic beds that were exposed during drops in sea level or

Other limestone beds are present within the main bodshat were moved onshore during storm events. Chan and
of the Cedar Mesa and are associated with siltstone or mu#cocurek (1988) discussed mechanisms of sediment transport
stone and flat-bedded sandstone beds. These limestones aremarine-influenced eolian depositional systems. Strong
sandy, thin, and lenticular. One limestone bed that | examrorth-northwesterly winds (Peterson, 1988; Parrish and
ined on the Monument upwarp was overlain by thick paleoPeterson, 1988) moved the sediments southeastward.
sols. The depositional setting of these limestone beds The northeast side of the Cedar Mesa erg was influ-
suggests deposition in interdune ponds. enced by fluvial systems draining westward and southwest-

Common features of the Cedar Mesa are laterally extenward from the Uncompahgre highlands. There is a broad
sive bedding-plane surfaces that separate cross-bed cosatsthwest-oriented zone of interbedded fluvial and eolian
and flat-bedded sand-sheet strata or paleosols (figs. 9, 12hcks that extends from about the Confluence to the Shafer
These surfaces have been related to deflation by wind to thdome area; isolated eolian deposits are present even farther
ground-water table (Stokes, 1968; Loope, 1985) or to floodto the northeast. Fluvial deposits and processes of fluvial-
ing by adjacent streams (Langford and Chan, 1988, 1993golian interactions have been discussed by Mack (1977),
Some surfaces can be traced for many miles along the outangford and Chan (1988, 1989), and Stanesco and Camp-
crop. bell (1989). Repeated flooding of the edge of the dune field

The interpreted environment of deposition of the Cedarcreated numerous horizontal bedding planes (“flood sur-
Mesa has been the subject of much discussion. Bakerfces”), wet interdunes, and channel and flood-plain
(1946) initial interpretation of it as an eolian deposit wasdeposits.
guestioned by Baars (1962), who favored a marine origin.  Southeast of the Monument upwarp, the Cedar Mesa
Features such as low- to moderate-angle cross-bedding, thimdergoes an abrupt facies change to thin eolian sandstone
horizontal sandstone beds, nature of ripple marks, numeroueds, light pink to gray shale beds, thin limestone beds, and
horizontal bedding planes, and occurrence of shale and limenassive gypsum or anhydrite (Sears, 1956; O’Sullivan,
stone beds suggested a marginal marine to beach or “littorall965; Stanesco and Campbell, 1989). This facies was
environment to Baars (1962). This interpretation was suprecognized by Baars (1962), but was considered to be part of
ported, in part, by Mack (1977, 1978, 1979), but Mack recan undifferentiated lower Cutler interval. Huffman and Con-
ognized a significant eolian component in the upper part ofion (1993) and Condon and Huffman (1994) correlated the
the Cedar Mesa. Campbell (1979) and Campbell and Steel€&edar Mesa and its equivalent gypsiferous facies southeast-
Mallory (1979) also recognized marine and eolian rocks invard into the San Juan Basin on the basis of geophysical log
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Figure 12. Interbedded sandstone, silty sandstone, and siltstone of the Cedar Mesa Sandstone just
south of the confluence of the Green and Colorado Rivers. Light-colored sandstone is eolian; dark
silty sandstone and siltstone were deposited in both eolian and fluvial environments. Thin limestone
at base of exposure (in the trees) is the top limestone of the lower Cutler beds.

Figure 13. Cedar Mesa Sandstone (at top) and lower Cutler beds in Gypsum Canyon, just east of
the Colorado River. Note transition zone at top of lower cliff where limestone beds are interbedded
with light-colored Cedar Mesa beds. This is an example of the Cedar Mesa grading northward into
the lower Cutler beds sequence. This relationship is shown diagrammatically on figure 11.
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responses. The unit is mappable as a discrete unit over mudghples, cut-and-fill structures, low-angle cross-beds, and
of the northwestern San Juan Basin. Stanesco and Campbgilid cracks are also present in some areas (J.E. Huntoon,
(1989) interpreted this facies as a coastal sabkha on the bagigitten commun., 1995). The Organ Rock intertongues
of sulfur-, carbon-, and oxygen-isotope analyses of gypsumortheastward with purple arkose beds of the undivided Cut-
and limestone samples. The gypsiferous facies thins soutther (figs. 3A-3D). In the Paradox Basin, the Organ Rock
eastward (pl. 5) as a result of gradation into the lower Cutleranges from 0 to 830 ft thick (pl. 6). Thickest areas are in
beds (pl. 4), in a manner similar to that shown diagrammatisouthwestern Colorado and in the southeastern corner of
cally on figure 11. This relationship suggests that there maytah. Thinnest areas are (1) just east of Hite, and (2) on the
have been a connection to a marine environment around tifgan Rafael Swell where the Organ Rock pinches out
south margin of the main Cedar Mesa erg. between the White Rim Sandstone and the lower Cutler beds
(fig. 3A). Abrupt changes in thickness along the Utah-Ari-
zona State line may result from intertonging with either the
ORGAN ROCK FORMATION Cedar Mesa or De Chelly Sandstones. Although difficult to
document, internal unconformities may also account for

The Organ Rock Formation is a red bed unit of the Cutthinning of the Organ Rock in some areas.
ler that is similar in many respects to the lower Cutler beds.  The Organ Rock was deposited in a variety of deposi-
It crops out around the edges of the Monument upwarp, itional environments. Stanesco and Dubiel (1992) noted
canyons incising Elk Ridge, and in a narrow band along thenainly fluvial strata and some eolian strata in the Monument
Colorado River, mainly below the Confluence. In someValley area northwest of Kayenta, Ariz., and southwest of
places in Monument Valley and near the Confluence, outliMexican Hat, Utah. In the northern area of exposures, near
ers of Organ Rock form monuments and spires. The Orgathe Confluence, Stanesco and Dubiel (1992) interpreted the
Rock is conformable with the underlying Cedar Mesa SandOrgan Rock as dominantly eolian. In the Hite area, a thick,
stone and the overlying White Rim and De Chelly Sand-salmon-colored eolian bed is present at about the middle of
stones where those units are present. Where the White Rithe Organ Rock (fig. 14). This unit displays small- to large-
or De Chelly are absent, the Organ Rock is overlain unconscale, moderate- to high-angle cross-beds. The top of this
formably by the Moenkopi or Chinle Formations. The north-unit is highly bioturbated by plant rhizoliths similar to those
ernmost outcrops of the unit on the east side of the Coloradidescribed from the Cedar Mesa Sandstone by Loope (1984,
River were originally referred to as the “Bogus tongue” 0f1988).

the Cutler by Baker (1933). Plant and animal remains have been recovered from the
Aside from the descriptive reports of Baker (1933, Organ Rock, mainly in the Monument Valley area, and also
1936, 1946), Gregory (1938), Sears (1956), Mullens (1960)rom areas north of the San Juan River. Most fossils have
Witkind and Thaden (1963), Lewis and Campbell (1965),been recovered from fluvial channel and associated over-
and O’Sullivan (1965), there have been few studies of thdank deposits. Mamay and Breed (1970) described ferns,
Organ Rock. Baars (1962) mapped the Organ Rock in thpteridosperms, and a possible conifer from a siltstone bed in
subsurface and discussed its regional correlations. Stanestonument Valley. The vertebrate fauna includes fish,
and Dubiel (1992); Dubiel, Huntoon, Condon, and Stanescamphibians, and reptiles, similar to the assemblage present
(1996); and Dubiel, Huntoon, Stanesco, and others (1996 the Halgaito, but it lacks evidence of freshwater sharks or
reported on preliminary work concerning environments ofrhipidistian fish (Vaughn, 1973). Upward changes in fauna
deposition of the Organ Rock. and flora from the Halgaito to the Organ Rock were inter-

The Organ Rock is composed of reddish-brown to light-Preted by Vaughn (1973) to indicate increasingly arid condi-
red, sandy siltstone; silty sandstone; mudstone; and limeions.
stone-nodule conglomerate. Alternating resistant and nonre-
sistant beds give the formation a horizontally banded
appearance (fig. 14). The geophysical log response of the WHITE RIM SANDSTONE
Organ Rock contrasts with the underlying Cedar Mesa
Sandstone (fig. 8) and the overlying White Rim Sandstone  The White Rim Sandstone is a largely eolian blanket
(fig. 15). In many exposures, the lower part of the Orgarsandstone that is present mainly west of the Colorado River
Rock is less sandy than the upper part and forms a brod@l. 7) and is an easily identifiable unit on geophysical logs
slope at the base of overlying cliffs. Exposures of this lowe(fig. 15). It forms a highly visible white band along canyon
part near Hite, Utah, contain sandy beds of clay-chigims; overlying strata are commonly weathered back from
conglomerate. Most strata in the lower part display few sedthe rims, leaving a broad bench on top of the White Rim
imentary structures, although ripple marks were observed iffig. 16). The White Rim can be observed to thin to an ero-
some units. Root structures, raindrop impressions, adhesi@ional pinch-out in outcrops west of Moab, at Dead Horse
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Figure 14. Organ Rock Formation just east of Hite, Utah. Light-colored sandstone at road level is
the Cedar Mesa Sandstone. The White Rim Sandstone forms a light-colored cliff near the top of the
outcrop. The Moenkopi Formation is at the top of the cliff. The lower part of the Organ Rock is finer
grained than the upper part and weathers to a slope. The light sandstone in the middle of the Organ
Rock is an eolian bed containing calcareous rhizoliths on its upper surface.

Point, and east of Hite, in White Canyon. It is also absenbgether are indicative of an eolian environment. Transport
along part of the outcrop just southwest of the Confluencejirections were to the southeast (Steele, 1987) and south-
It is conformably underlain by the Organ Rock Formationsouthwest (Kamola and Chan, 1988).
or the undivided Cutler Formation except in the northwest-  Associated with the dune facies, and most fully devel-
ern part of the study area (fighAB where carbonates of the oped at the base of the formation in the Island in the Sky dis-
lower Cutler beds underlie it (Baars, 1987). In some placesyict of Canyonlands, is a flat-bedded sandstone that contains
the Permian Kaibab Limestone conformably overlies oglgal laminations, wind-ripple strata and small-scale cross-
grades into the White Rim; where the Kaibab is absent, thgeds, bioturbated intervals, breccia layers, adhesion ripples,
Lower to Middle Triassic Moenkopi Formation unconform-and desiccation polygons (McKnight, 1940; Steele, 1987;
ably overlies the White Rim. Chan, 1989). This interval was interpreted as a sand sheet or
Many detailed stratigraphic and sedimentologic studsabkha deposit that was deposited prior to and downwind of
ies have been conducted on the White Rim, beginning witthe main dune field of the White Rim erg (Chan, 1989). Other
Emery (1918), Gilluly and Reeside (1928), Gilluly (1929),thinner flat-bedded intervals are present within the dune
McKnight (1940), and Baker (1946). Other studies includ€acies.
Baars (1962), Baars and Seager (1970), Irwin (1971, In the Elaterite Basin area, west-southwest of the Con-
1976), Orgill (1971), Mitchell (1985), Huntoon and Chanfluence, and in parts of the San Rafael Swell, the upper part
(1987), Steele (1987), Kamola and Chan (1988), and Chafthe White Rim has a veneer of reworked strata. In Elaterite
(1989). Studies relating to the Permian-Triassic unconfoBasin, this unit consists of 2 to 16 ft of very fine grained to
mity in the Paradox Basin include those by Ochs and Chéme-grained sandstone displaying small, low-angle cross-
(1990) and Huntoon and others (1994).beds, symmetrical ripple marks, fluid escape structures, rip-
In typical exposures, the White Rim consists of cliff-up clasts of the lower dune facies, chert pebbles, and large
forming, grayish-white to white, fine- to coarse-grainedpolygonal structures (Baars and Seager, 1970; Huntoon and
sandstone displaying large-scale, high-angle cross-beds a@Gtlan, 1987). In the San Rafael Swell, a similar sequence is
flat beds. A major component of the White Rim is an eoliab—35 ft thick and is a mix of poorly cemented sandstone and
dune facies (Huntoon and Chan, 1987; Steele, 1987; Kamaddtstone beds interbedded with calcareous siltstone, mud-
and Chan, 1988; Chan, 1989). This facies displays higlstone, and carbonate bed3phiomorphaburrows were
angle cross-beds, high-index wind-ripple laminae, grainflowoted in this area (Orgill, 1971). Orgill (1971) documented
and grainfall strata, and inversely graded laminae, whicbnlapping relations of the overlying and partially equivalent
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— Moenkopi Formation Although the White Rim thickens on the west side of
- - the study area (pl. 7), it thins farther to the west and south
Kaibab Limestone (Mitchell, 1985). Irwin (1971, 1976) indicated that lower

part of the White Rim is an eastern equivalent of the marine
Toroweap Formation of northern Arizona. Rawson and
— 6000 Turner-Peterson (1979) described the facies relationships of
White Rim Sandstone the Toroweap. The upper, reworked, part of the White Rim
was correlated by Irwin (1971, 1976) with the Gamma mem-
ber (basal part) of the Kaibab Limestone.

The White Rim has attracted interest as an economic
unit because of accumulations of hydrocarbons. The Elater-
ite Basin, in particular, has concentrations of tar sands that
— seep tar in the heat of summer (fig. 17). The dune topography
preserved at the top of the White Rim is important because
- hydrocarbons were trapped in these high areas below the
finer grained Moenkopi Formation.

Organ Rock Formation
L 6500

DE CHELLY SANDSTONE

The De Chelly Sandstone is a massive-weathering,
cross-bedded eolian sandstone that is only present in the
southern part of the Paradox Basin (pl. 8). The De Chelly
crops out in Monument Valley, where it forms the upper
— Cedar Mesa Sandstone cliffs of the monuments (fig. 18), and along the western and
eastern margins of the Monument upwarp. Figure 19 shows
— the log response of the De Chelly in the subsurface. It was
named for exposures in Canyon de Chelly, which is at the

Formation, Kaibab Limestone, White Rim Sandstone, Organ Rocl?OUthem_ margin of the study arga, east of Chinle (pl. 8).
Formation, and the top of the Cedar Mesa Sandstone in the Henly€SCriptions of the De Chelly are in Baker (1936), Gregory

Basin on the west side of the study area. Well is number 85, platel 938), Sears (1956), Strobell (1956), Mullens (1960), Read
1 and Appendix 1. Log curves are gamma ray on the left and ne@nd Wanek (1961), Baars (1962), Witkind and Thaden
tron on the right. Vertical scale is in feet. (1963), O'Sullivan (1965), Peirce (1967), Irwin (1971), and
Stanesco (1991).

Kaibab Limestone with the White Rim, and Huntoon and  As typically exposed, the De Chelly consists of pinkish-
Chan (1987) described wave-cut terraces on the flanks oftgown, light-orange, tan, and gray, very fine grained to
dune, indicating that there is preserved dune topography Btedium-grained, bimodally sorted, quartz sandstone. Many
the upper surface of the White Rim. Baars and Seager (19795 the quartz grains are coated with red iron oxide, giving the
interpreted all of the White Rim as a marine deposit, but suormation its red hue. Some beds are silty, which gives the
sequent studies indicate that only the upper reworked paj@rmation a banded appearance in some exposures. Vaughn
has a marine origin. A similar reworked facies was describef-973) noted the presence of abundant vertebrate trackways

by Davidson (1967) in the Circle Cliffs area southwest of thd" the De Chelly; this contrasts with the White Rim Sand-
Paradox Basin. stone, which, despite having been extensively studied, does

) ) o not have any reported trackways.

West of the Paradox Basin, the White Rim is interbed- 114 pe Chelly conformably overlies the Organ Rock
ded with the Kaibab Limestone and displays abundant defofFq,mation and has been divided into two or more parts
mation features such as convolute bedding, microfaultingread and Wanek, 1961; Peirce, 1967; Stanesco, 1991).
brecciation, and sandstone dikes (Kamola and Chan, 1988)he |ower part contains small- to large-scale, high-angle
Concentrations oThalassinoidesand Chondritesburrows,  cross-beds, parallel- and wavy-bedded sandstone, and
indicating subaqueous (possibly marine) conditions, areninor mud-draped, ripple-laminated sandstone (Stanesco,
present in some interbeds. Kamola and Chan interpreted th®91). Paleocurrents were mainly to the southeast in the
White Rim as a coastal dune field that was intermittentljower part of the De Chelly (Read and Wanek, 1961;
flooded by marine water. Steele (1987) reported glauconit8tanesco, 1991). The upper part contains mainly small- to
throughout the White Rim, which supports thislarge-scale cross-beds that display dip vectors mainly to
interpretation. the southwest (Read and Wanek, 1961; Stanesco, 1991).

Figure 15.  Well log showing the lower part of the Moenkopi
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Figure 16. White Rim Sandstone, Organ Rock Formation, and top of Cedar Mesa Sandstone just
southwest of the confluence of the Green and Colorado Rivers. The White Rim forms a broad bench
and cliff at the top of the Organ Rock. The Cedar Mesa Sandstone undergoes a visible facies change
here from interbedded light sandstone and dark siltstone beds in foreground to red beds in the
distance.

The De Chelly attains a maximum thickness of 750 fterg. A tongue of the Supai Formation, consisting of sabkha
in the study area, increasing from north to south (pl. 8)and mud-flat deposits, divides the upper and lower parts just
Pinch-outs, caused by erosional truncation, have beegyyth of the study area. Alternating facies indicate at least 12

noted in outcrop at the San Juan River (Baker, 1936; Mulgansgressive-regressive cycles within the De Chelly
lens, 1960) and along Comb Wash (Sears, 1956; OSU"{Stanesco 1991)

van, 1965). In addition to exposures on the Monumen ;
upwarp and in Canyon de Chelly, the De Chelly crops out  !'win (1971) and Blakey (1979) suggested that the De

in the Carrizo Mountains (Strobell, 1956) within the studyChelly was related to sedimentation in the Quemado-
area. The De Chelly is unconformably overlain by eitherCuchillo or Holbrook Basins in west-central New Mexico or

the Moenkopi or Chinle Formations and grades northeaseast-central Arizona, and the stratigraphic and facies rela-
ward into the undivided Cutler Formation. South of thetionships noted by Stanesco (1991) bear this out. The De
study area, the De Chelly and equivalent rocks are overlaighelly erg was built up by southwest- and southeast-blowing

by the Permian San Andres Limestone, which may bgings and was influenced by intermittent marine transgres-

time-equivalent to the Kaibab Limestone (Baars, 197945 from the south.
Blakey, 1990). Blakey and Knepp (1989) and Blakey ] ] ) -
(1990) indicated that the De Chelly grades southwestward ~B€cause of their stratigraphic position above the Organ

into the Coconino Sandstone and Schnebly Hill FormatiofRock Formation, the De Chelly and White Rim Sandstones
in Arizona. have commonly been assumed to be of the same age (Baars,

Stanesco (1991) studied the relationships of cross-bed962). However, Blakey and Knepp (1989) and Blakey
ded and flat-bedded facies of the De Chelly on the Defiancel990) interpreted the De Chelly as equivalent to the
uplift and determined that it was deposited in eolian-duneCoconino Sandstone, and Irwin (1971) correlated the White
sand-sheet, sabkha, and mud-flat environments. From CaRim with the younger Toroweap and Kaibab formations. If
yon de Chelly northward, the lower part of the De Chelly isthis age disparity is correct, this suggests that there must be
composed dominantly of large dunes of the central eoliagurrently unrecognized unconformities within the Organ
erg; southward on the Defiance uplift, sand sheets, sabkhRock or between the White Rim and the Organ Rock that are
and mud-flat environments dominate. The upper De Chellyiot present in the southern part of the area where the De
is composed mainly of large dunes deposited in the centr&helly crops out.
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interbedded limestone. The carbonate beds are commonly
sandy, vuggy, and very fossiliferous, including coquina
beds (Gilluly, 1929). Geodes lined with quartz and calcite
crystals and containing dead oil residues are common fea-
tures. Where present on the east side of the swell, the
Kaibab forms dip slopes where the overlying Moenkopi
Formation has been stripped away. Baker (1946) noted a
west-to-east gradation of the Kaibab into the White Rim
Sandstone, with the upper parts of the Kaibab extending
farthest to the east. In the study area, the Kaibab ranges
from 0 to 140 ft thick (pl. 9).

The Kaibab is also present in the Circle Cliffs uplift
area (fig. 2) where it consists of thinly bedded, light-yellow
dolomite. In that area, Davidson (1967) noted oolites; thin
layers of green, glauconitic sandstone; and abundant moldic
porosity. Geodes and stringers of bedded chert, and gray
chert nodules are also present in that area. The upper part of
the White Rim Sandstone there contains thin beds of fossil-
iferous dolomite, indicating a transgressive marine environ-
ment transitional to the Kaibab.

Irwin (1971, 1976) interpreted the Kaibab of this area as
a shallow marine shelf deposit that represents the time of
maximum eastward transgression of the Kaibab sea. Orgill
(1971) thought that the Kaibab of the San Rafael Swell was
deposited in a shallow, narrow marine embayment on a sur-
face having marked topography. Orgill (1971) documented
onlapping relationships of Kaibab carbonate beds onto
knolls of White Rim Sandstone. He interpreted interbedded
sandstone beds in the Kaibab as resulting from reworking of
White Rim sandstones. Irwin (1971, 1976) and Kiser (1976)

Figure 17.  Tar seep from the White Rim Sandstone in Elateritémted that there are petroleum shows in wells penetrating the

Basin, southwest of the confluence of the Green and Coloradf@ibab throughout the Colorado Plateau, making it a poten-
tially important economic unit.

KAIBAB LIMESTONE

The Kaibab Limestone is only present as a thin veneer OVERLYING ROCKS
of limestone and dolomite in the western part of the

Paradox Basin (pl. 9). Itis irregularly distributed at the sur-  Tyjassic rocks unconformably overlie the Kaibab Lime-
face and in the subsurface, due to both onlapping relatioRione or the Cutler throughout the Paradox Basin. In most of
ships with the underlying White Rim Sandstone and tqoytheastern Utah, the Moenkopi Formation is the basal Tri-
erosion at the pre-Triassic unconformity at its top. Theyssic unit. The lowest member of the Moenkopi, the Hoskin-
Kaibab does not crop out anywhere within the Paradoyini was originally considered as the upper part of the Cutler
Basin; scattered outcrops are exposed on the San Rafgglpaker and Reeside (1929). In most of the Colorado part
Swell. As such, the unit has not received much study in the the pasin, the Chinle Formation or correlative Dolores
areas pertinent to this report. Studies of the unit includgqgrmation overlies the Cutler. In many parts of the western
those by Gilluly and Reeside (1928), Gilluly (1929), Baketparadox Basin, the unconformity is marked by a chert-peb-
(1946), Davidson (1967), Irwin (1971, 1976), Orgill pje conglomerate (Gilluly and Reeside, 1928; Baker, 1946;
(1971), Kiser (1976), and Mitchell (1985). Welsh and oth-Thaden and others, 1964). This conglomerate fills channels
ers (1979) proposed the name “Black Box Dolomite” as @yt into the top of the underlying Permian strata. Huntoon
replacement for the Kaibab in part of the area discussed i others (1994) measured cross-bedding in the conglomer-
this report. This name was also used by Sprinkel (1994}te and determined that flow was to the east from an area
but not by Franczyk (1991). centered in the Circle Cliffs uplift area. This flow was in
In the San Rafael Swell, the Kaibab consists of graynarked contrast to the west- and northwest-dipping
buff, brown, and yellowish-brown dolomite and paleoslope prevalent during Cutler time and during later
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Figure 18. De Chelly Sandstone underlain by the Organ Rock Formation and overlain by the
Moenkopi Formation at Monument Valley.

deposition of the upper part of the Moenkopi and the Chinlgontal and 20,000 ft of vertical displacement on one of
Formations. these faults.

The Uncompahgre highland itself is probably a result
of  northwestward-directed  compression, possibly
PALEOGEOGRAPHY expressed as strike-slip movement, on a continental scale
(Stevenson and Baars, 1986). Compression is thought to
have resulted from collision of the Gondwana plate and a
The Cutler Group records the filling of the deposi-northern plate (fig. 20), variously called Euramerica, Laur-
tional basin that had first developed in the Middle Penn5y|asia, or Laurentia (ROSS and Ross, 1986, Johnson and oth-
vanian. Deposition during the Pennsylvanian had beegrs, 1992; Huffman and Condon, 1993). Johnson and
largely restricted to the area of the Paradox Basin, whicBthers (1992) also suggested that the geometry of the
was bounded on the northeast by the Uncompahgre uplifincompahgre uplift may have been influenced by a left-
on the south by the Zuni-Defiance uplift and Kaibab archjateral transform fault that may have bounded the western
and on the west by the Emery uplift or Piute platform (fig.continental margin.

20). During the Early Permian the southern and western Within this structural framework, clastics were shed

bounding structur'es had less effect, .and se_dimeptation il‘?om the Uncompahgre highland westward into the Paradox
the Paradox Basin had more direct interaction with 5he'éasin since the Middle Pennsylvanian (Wengerd and
areas to the south and west. Matheny, 1958; Franczyk and others, 1995). Sedimentation
The driving mechanisms for late Paleozoic deformaseems to have been continuous in that area throughout depo-
tion in the area of the Paradox Basin are not well consition of the Hermosa and Cutler, making the pick between
strained and were discussed in detail by Johnson anghits indefinite in places. Due to abundant arkosic clastics
others (1992) and Huffman and Condon (1993). To sumin the Hermosa Group, the composition of clastic rocks can-
marize, Early Permian sedimentation in the Paradox Basinot be used as a criteria for separating the units. Franczyk
was dominated by the influence of the Uncompahgre hight1992) and Franczyk and others (1995) noted that the
land, which was a westward-directed thrust block on théoundary between the Hermosa and Cutler is gradational in
northeast side of the basin (fig. 20). White and Jacobsoihe Durango, Colo., area. They placed the contact at the top
(1983) and Heyman (1983) identified many faults boundof the highest carbonate bed of probable marine origin,
ing the southwestern side of the Uncompahgre uplift, rangwhich is also at the color change from gray and green beds
ing from high-angle normal to high-angle reverse faultsto red beds. The youngest Hermosa strata in that area are
Frahme and Vaughn (1983) estimated at least 6 mi of horDesmoinsian in age, suggesting that the age of the Cutler is
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tion. Prevailing winds blew from northeast to southwest
— 2000 Chinle Formation (present-day coordinates), but there was a significant
southeastward component (Parrish and Peterson, 1988;
- Peterson, 1988), possibly caused by an eddy effect around
the north end of the Uncompahgre highlands. Streams still
drained the Uncompahgre, flowing to the west-northwest
and southwest, while Wolfcampian carbonates and clas-
De Chelly Sandstone tics were being deposited off the northwestern end of the
Paradox Basin. A large coastal dune field (Cedar Mesa
Sandstone) was deposited just downwind of the carbon-
ates; significant amounts of marine fossil clasts in the
Cedar Mesa indicate that the source of much of the sand
— 2500 ‘ must have been exposed carbonate and clastic beds dur-
ing lowstands of the sea. Some of the clastics were
- undoubtedly derived from streams flowing from the
Uncompahgre highland into the sea, but another source
may have been marine sand moved southward from the
Wyoming shelf (Baars, 1962; Johnson and others, 1992).
Fluvial-eolian interactions occurred along the northeast-
ern edge of the Cedar Mesa erg, and distal streams par-
tially fed a large sabkha in the Four Corners area. Strong
unidirectional winds moved sand from northwest to south-
east; the area around Mexican Hat, Utah, may have been
3000 the site of loess deposition downwind from the main erg.
The morphology of dunes in the Cedar Mesa indicates
— % Cedar Mesa Sandstone transverse to barchan dune forms. _The_main mass of the
Cedar Mesa Sandstone was deposited just to the west of
Figure 19.  Well log showing the lower part of the Chinle For- the Monument upwarp; the abrupt facies _chan_ge to thin
mation, De Chelly Sandstone, Organ Rock Formation, and the tofF1@stic, gypsum, and limestone beds deposited in a sabkha
of the Cedar Mesa Sandstone on the northwest flank of the Defioccurs on the east flank of the upwarp. This relationship
ance uplift, northeastern Arizona. Well is number 134, plate 1 andsuggests that the Monument upwarp was a slight topo-
Appendix 1. Log curves are gamma ray on the left and intervalgraphic high during deposition of the Cedar Mesa and that
transit time on the right. Vertical scale is in feet. the Four Corners area was a topographic low. A low in
) . . .. this area had persisted since deposition of the lower Cut-
no younger than Missourian, and possibly Desmomsnanl,er beds (Halgaito Formation), shown by numerous lime-
there. stone beds within the red bed sequence.

In much of the central Paradox BaSin, the contact Figure 22 shows a pa'eogeographic reconstruction in
between the Hermosa and Cutler is also made at the higheséonardian to Guadalupian time for the Paradox Basin. The
marine carbonate bed (fig. 4). However, along the westergncompahgre highlands were still high enough to shed
side of the basin, marine carbonates formerly included inyjjyvial arkosic sediment to the west, southwest, and south.
the Rico Formation or Elephant Canyon Formation interfin-|n the northwestern part of the study area, first the Tor-
ger with red beds and are included in the lower part of thyweap and later the Kaibab seas interfingered eastward with
Cutler. These strata range in age from Virgilian to Wolf-the coastal White Rim Sandstone erg. Wind transport direc-
campian (Baars, 1962, 1991; Sanderson and Vervillegions in the White Rim are similar to those of the Cedar
1990). Initiation of Cutler deposition thus possibly began agyesa, mainly to the southeast. In the southern part of the
early as Middle Pennsylvanian (Desmoinsian) in alluvialgrea, the slightly older De Chelly erg also developed. Strati-
fans and debris flows along the margin of the Uncompahgrgraphic relationships indicate that a marine environment
highlands. These alluvial sediments graded westward int@xisted south of the De Chelly erg, in eastern Arizona and
marine strata of Virgilian and Wolfcampian age in northernyest-central New Mexico. Although the lower De Chelly
Arizona and central Utah in marginal marine to deltaica|so displays wind transport to the southeast, the upper part

- Organ Rock Formation

environments. of the unit was deposited by winds blowing more to the
Figure 21 shows the paleogeography of the Paradogouthwest.
Basin in Early Permian (Wolfcampian) time. At this time, In an area on the west flank of the Monument

the basin was situated just north of the Equator and wagpwarp in the west-central part of the Paradox Basin, the
rotated as much as 45° clockwise from its present posiwhite Rim and De Chelly are absent and the Organ Rock
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Figure 20. Late Paleozoic structural elements in the southwestern United States. Modified from Huffman and Condon (1993).

is relatively thin (pl. 6, 7, 8). This suggests that thehave combined to conceal stratigraphic relations between
upwarp may have still been an active structure durinthe White Rim and De Chelly in this area: (1) post-deposi-
deposition of the Organ Rock and possibly duringional erosion has removed both units over the crest of the
deposition of the White Rim and De Chelly. Two factorsMonument upwarp, and (2) there has been little or no
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Figure 21.  Paleogeography of the Paradox Basin area in Early Permian (Wolfcampian) time. Sources include Mack (1977), Campbell

drilling between Hite and the San Juan River. Irwin At the close of the Permian, the Uncompahgre uplift
(1971, p. 1989) interpreted strata in the Skelly Oil Cohad been worn down to the point that it was no longer a
Nokai Dome 1 well as representing the De Chellysediment source. The site of the Paradox Basin under-
overlain by White Rim and thus believed that the twowent erosion or nondepostion during the remainder of the
units are not correlatives. No other well data has becom@uadalupian and Ochoan and into the Early Triassic. A
available in the time since that interpretation. Until moreshort-lived orogeny just to the west of the Paradox Basin
wells are drilled between Hite and the San Juan River, theaused a temporary change in paleoslope to the east and
guestion can not be resolved conclusively. deposition of fluvial conglomerate in channels cut into the
upper surface of Cutler strata in places. Later in the Trias-
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sic, the Uncompahgre again became established as a sedi- Modern: Special Publication 16 of the International Associa-
ment source for part of the Moenkopi, Dolores, and tion of Sedimentologists, p. 127-149.
Chinle Formations and a westward paleoslope was aga®aars, D.L., 1962, Permian System of Colorado Plateau: American

established. Association of Petroleum Geologists Bulletin, v. 46, no. 2, p.
149-218.
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Appendix 1. Drill holes used as control points for maps and cross sections.

[Table is sorted by township, range, and section within States. The last two digits in the location column denote the position of the well within the
section; each section is divided into 16 parts., number 01 is in the NEXNEY% and number 16 is in the SEXSE%. The divisions are numbered
horizontally]

No. Company Well name Location County
UTAH

1 Diamond Shamrock Oil & Gas Corp  Witter Federal, No. 1 T.188,R. 15E., sec. 1902 Emery.
2 Reynolds Mining Corporation Cedar Mountain Unit, No. 1 T.198,,R. 12E., sec. 29 11 Emery.
3 Humble Oil & Refining Co Woodside Unit, No. 1 T.198,R. 13E,, sec. 12 16 Emery.
4  American Metal Climax Inc Black Dragon Government, No. 1 T. 21 8., R. 13 E,, sec. 32 09 Emery.
5 Megadon Enterprises Inc Saleratus Federal State, No. 2-36 T.21S8.,R. 14E., sec. 36 04 Emery.
6  Superior Qi]l Company Grand Fault Unit, No. 14-24 T.21S8,R. 15E,, sec. 24 13 Emery.
7 Mobil Oil Corporation Elba Flats Unit, No. 1-30 T.21S.,R.22E,, sec. 30 07 Grand.
8 Reynolds Mining Corporation Sinbad Unit, No. 1 T.228,R. 12E,, sec. 26 02 Emery.
9  Amax Petroleum Corporation Green River Desert Unit, No, 9-7 T.22 8, R. 15E,, sec. 09 07 Emery.
10 Continental Qil Company Crescent Unit, No. 1 T.228,R.20E, sec. 17 12 Grand.
11 Amerada Petroleum Corporation Sinbad Strat, No. 1-354 T.23S,R. 10E., sec. 28 07 Emery.
12 Kerr McGee Oil Industries TP Utah 27, No. 1 T.23S,,R. 13 E,, sec. 07 08 Emery.
13 Forest Oil Corporation Forest Government, No. 1 T.238,R.14E,sec. 1101 Emery.
14 Lion Qil Co (Monsante Chem Co.)  Hatt Federal, No. 1 T.238,R. 14E, sec. 1916 Emery.
15  Shell Oil Company Chaffin Unit, No. 1 T.238,R. I5E, sec. 21 03 Emery.
16  Mobil Qil Corporation Jakey's Ridge, No. 12-3 T.238,R. 16E., sec. 03 05 Emery.
17 'Pan American Petroleum Corporation Salt Wash, No. 1 T.23S,R.17E,, sec. 1512 Grand.
18 Texaco Inc Government McKinnon, Ne. 1 T.23S8.,R.19E,, sec. 1513 Grand.
19 Blackwood Nichols Co Ltd San Rafael, No. 1-28 T.248,R.10E,, sec. 28 11 Emery.
20 Superior Oil Company Iron Wash Unit, No. 23-2 T.24S,R.13E, sec. 02 11 Emery.
21  Union Texas Petroleum Federal Armstrong, No. 1 T.248,R. 14E,, sec. 1001 Emery.
22  General Petroleum Corporation No. 45-3-G T.248,R.15E,, sec. 05 11 Emery.
23 Shell Qil Company Gruvers Mesa Federal, No. 1 T.245.,R. 16 E,, sec. 1907 Emery.
24 Megadon Energy Corporation Ten Mile, No. 1-26 T.248,R.17E,, sec. 26 13 Grand.
25  Phillips Petroleum Company Onion Creek Unit, No. 2 T.245,R. 23 E,, sec. 1307 Grand.
26 Conoco Inc Conoco Federal, No. 31-1 T.24S,R.23E.,sec. 31 10 Grand.
27  Exxon Corporation Onion Creek Federal, No. 1 T.24S5.,R.25E., sec. 18 05 Grand.
28 Pan American Petroleumn Corporation USA Brown, No. ] T,.25S.,R. I12E,, sec. 24 04 Emery.
29  Union Qil Company of California Temple Wash Gov't 988, No. A-1 T.25 S, R. 13 E,, sec. 11 04 Emery.
30 Texaco Inc Temple Springs Unit, No. 1 T.258,R. 13 E,, sec. 14 04 Emery.
31 Texaco Inc Temple Springs Unit, No. 2 T.258,R. 14E,, sec. 22 14 Emery.
32 Continental Qil Company Moonshine Wash Unit, No. 2 T.255,R. 15E,, sec. 2207 Emery.
33 Superior Oil Company Bow Knot Unit, No. 43-20 T.258.,R. 172 E., sec. 20 09 Grand.
34 Pan American Petroleum Corporation Nequoia Arch Unit, No. 9 T.26 8.,R. 13 E,, sec. 25 12 Emery.
35 Carter Oil Company Nequoia Arch Unit, No. 3 T.26S.,R. 14E, sec. 26 16 Emery.
36 Davis Oil Company Pool Unit, No. | T.26 S,R.17E, sec. 1713 Emery.
37 Pure Qil Company USA Mineral Point, No. 1 T.26 S.,R. 18 E,, sec. 07 09 Grand.
38  Southern Natural Gas Company Long Canyon Unit, No. 1 T.26 8, R. 20 E,, sec. 09 06 Grand.
39 Texas Gulf Producing Company Federal, No. 1-X T.26 S.,R.20E,, sec. 36 09 Grand.
40 Union Oil Company of California Burkholder Unit, No. 1-G-1 T.26S.,R. 22 E., sec. 01 07 Grand.
41 Carter Oil Company Blackburn Draw Unit, No. 1 T.27 8., R. 12 E., sec. 09 01 Wayne.
42 Superior Qil Company Hanksville Unit, No. 31-30 T.278,R. 13 E,, sec. 30 02 Wayne.
43  Texaco Inc Nequoia Arch Unit, No. 6 T.278.,R.15E., sec. 32 08 Wayne.

44  Superior Oil Company Horseshoe Can. Unit, No. 32-33 T.27S.R. 16 E,, sec. 33 07 Wayne.
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Appendix 1. Drill holes used as control points for maps and cross sections—Continued.

No. Company Well name Location County
UTAH—Continued

45  Southern Natural Gas Company USA, No. 2 T.27S8.,R.20E., sec. 06 11 San Juan.
46 Underwood Rip C Featherstone, No. 9-1 T.278,R 20E,, sec. 09 01 San Juan.
47 Megadon Energy Corporation Lion Mesa, No. 34-2 T.278,R. 21 E, sec. 34 11 San Juan.
48 LarueEBIr Government, No. 1 T,.278,R.22E., sec. 1508 San Juan.
49  Exxon Corporation Gold Basin Unit, No. 1 T.27S,R. 24 E,, sec. 1504 San Juan.
50 Murphy Corporation Nequoia Arch Unit, No. 4 T.28S,R. 14E,, sec. 14 13 Wayne.
51  Pan American Petroleum Corporation Murphy Range Unit, No. 1 T.28S,R. 18E,, sec. 1203 San Juan.
52  Gulf Oil Cerporation Aztec Lockhart Federal, No. 1 T.288.,R.20E., sec. 22 12 San Juan.
53  Pan American Petroleum Corporation USA Lockhart, No. 1 T.285,R.20E,, sec. 23 16 San Juan.
54 Richfield Oil Corporation Hatch Mesa, No. 1 T.28S.,R.21E., sec. 22 11 San Juan.
55  Gulf Qil Corporation Red Rock Unit, No. 1 T.288.,R.22E., sec. 09 02 San Juan,
56  Gulf Oil Corporation Hudson Wash Federal, No. 1 T.28 8, R.22E,, sec. 34 01 San Juan.
57  Amerada Petroleum Corporation Blue Mesa Unit, No. 1 T.295,R. 10E,, sec. 08 13 Wayne,
58 Tennessee Gas Transmission Co USA Sorrel Butte, No. 1-A T.29S,R. 12 E,, sec. 33 07 Wayne.
59  Phiilips Petroleum Company Dirty Devil Federal, No. 17-58-A T.29 S, R. 13 E,, sec. 01 01 Wayne.
60  Continental Qil Company Hoover Federal, No. 1 T.298,R. 15E, sec. 20 08 Wayne,
61 Humble Oil & Refining Company Rustler Dome, No. 1 T.29S,R.20E,, sec. 04 12 San Juan,
62  Husky Oil Company Federal, No. 15-25 T.29S,R.23E, sec. 25 15 San Juan.
63 Superior Oil Company Horse Thief Canyon Unit, No. 1-5T. 29 S, R. 26 E,, sec, 05 16 San Juan.
64 Reynolds Mining Corporation Gibson Dome Unit, No. 1 T.28%: 8., R. 20 E,, sec, 35 08 San Juan.
65  Southland Royalty Company Burr Desert, No. 1 T.30S,R. 12E, sec. 24 08 Wayne.
66  Paradox Production; Putnam & Smoot Federal, No. 1 T.30 S, R, 13 E,, sec. 34 02 Wayne.
67  Phillips Petroleum Company French Seep, No, 1 T.305,R. 16 E,, sec. 27 06 Wayne.
68  Trident Qil Company Beef Basin Unit, No. 4 T.308,R. 19E,, sec. 26 12 San Juan.
69  Pure Oil Company Lost Canyon, No. 1 T.30S8,R.20E,, sec. 19 15 San Juan.
70 Trident Oil Company Beef Basin Unit, No. 5 T.308.,R.20E,, sec. 3203 San Juan.
71 . Apache Drilling Company Apache Lion Lisbon, No. 1 T.305,R.23E,, sec. 13 09 San Juan.
72 Pure Oil Company Northwest Lisbon, No. 1 T.308.,,R, 24 E,, sec. 1003 San Juan,
73 Kern County Land Co; Skelly Qil Crescent Creek, No, 1-X T.318,R 11 E, sec. 27 16 Garfield,
74 Superior Oil Company Utah Southern Gov't, No. 22-19 T. 318, R. 15E,, sec. 1906 Garfield.
75 Chorney Oil Company et al. Hart Point Federal, No. 1-22 T.31S,R.22E, sec. 22 12 San Juan.
76 Skelly Oil Company Church Rock Unit, No. 1 T.315,R.23E,, sec. 26 06 San Juan.
77 Skelly Oil Company Summit Point, No. 1 T.318,R.25E, sec. 21 13 San Juan.
78  Lone Star Producing Company Federal Utah A, No. 1 T.31S,R.26E, sec. 1802 San Juan.
79 Texas Pacific Coal and Oil Company USA, No. 1 T.328,R. 15E, sec. 33 02 Garfield.
80 Texas Company Cataract Canyon Unit, No. 1 T.328,R. 19E, sec. 28 10 San Juan.
81 Southland Royalty Company Hog Canyon, No. 1 T.338,R. 13E, sec. 08 04 Garfield.
82 Natomas North America Inc Redd Ranch, No. 1-34A T.33S,R.20E,, sec. 34 16 San Juan,
83 Byrd Frost Inc Randall, No. 1 T.338,R. 24 E,, sec. 23 06 San Juan.
84  Carter Oil Company Leverton State, No. 1 T.338,R.26E,, sec. 32 13 San Juan.
85 Superior Qil Company Swap Mesa Unit, No, 14-2 T.34S,R.09E,, sec. 02 13 Garfield.
86 Sinclair Oil & Gas Company Dark Canyon Unit, No. 2 T.345,,R. 17E., sec. 01 12 San Juan.
87  White Canyon Mining Company Frost, No. 1 T.34S.,R. 24 E, sec. 23 05 San Juan.
88  Skelly Oil Company Utah Federal C, No. 1 T.35S,R.15E,, sec. 04 13 San Juan.
89 Lemm & Maiatico Dry Mesa Government, No. 1 T.35S,R.18E.,, sec. 02 13 San Juan.
90  Standard Qil Company of California  Johnson Creek, No. 2 T.358,R.22E,, sec. 32 01 San Juan.
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Appendix 1. Drill holes used as control points for maps and cross sections--Continued.

No. Company Well name Location County
UTAH—Continued
91 Pan American Petroleum Corporation Montezuma Canyon Unit, No. 1 T.35S., R. 24 E., sec. 33 10 San Juan,
92  Gulf Oil Corporation Coalbed Canyon Unit, No. 2 T.358,R. 26 E,, sec. 20 08 San Juan.
93  Sinclair Oil & Gas Company McLane Federal, No, 1 T.36S,R. 16 E,, sec. 25 01 San Juan.
94  Pan American Petroleum Corporation Bears Ears, No. | T.365,R. 19E, sec. 17 16 San Juan.
95 Southland Royalty Company Red Canyon, No, 1 T.378,R. 14E,, sec. 03 1] San Juan,
96 Kern County Land Company Moqui Federal, No. 1-X T.37S,R. 15E,, sec. 33 03 San Juan.
97 Kubat Edward J Government, No. 1 T.378,R.19E,, sec. 23 13 San Juan.
98 Cities Service Oil & Gas Corporation  State A, No. 1 T.378.,R.23E., sec. 32 03 San Juan.
99  Pan American Petroleum Corporation Deadman Canyon Unit, No. 1 T.378.,R.24 E,, sec. 20 02 San Juan.
100  Champlin Petroleum Company Chaparral Unit, No, 1 T.37S.,R.25E., sec. 22 14 San Juan.
101  Carter Oil Company Ryan J, No. 1 T.385,R. 18E.,, sec. 14 04 San Juan.
102 Great Western Drilling Company Fish Creek, No. 1 T.388,R.20E,, sec. 22 04 San Juan.
103 LarueEBIr Butler Wash, No. 1 T.388,,R. 2} E,, sec. 03 01 San Juan.
104 FairRalph E Butler Wash, No. 1-A T.38S.,R.21 E, sec. 16 12 San Juan.
105 Houston Oil & Minerals Corporation  Federal, No. 11-6 T.39S,R. 14 E,, sec. 06 04 $an Juan.
106  Forest Oil Corporation Government, No. 1-31 T.39S.,R.15E,, sec. 31 06 San Juan,
107 Sinclair Oil & Gas Company Grand Gulch Federal, No. 1 T.39S8.,R. 16E, sec. 1515 San Juan.
108  Carter Oil Company Government Hancock, No. 1 T.395,R. 17E,, sec. 26 08 San Juan.
109 Carter Oil Company Cedar Mesa Unit, No. 1 T.3985,R. 18E,, sec. 1503 San Juan.
110 Atlantic Refining Company Comb Wash Unit, No. 1 T.398.,R.20E., sec. 14 10 San Juan,
111 Carter Oil Company Bluff Bench Unit, No. 1 T.395,R.22E,, sec. 29 12 San Juan.
112 Shell Oil Company Bluff Unit, No. t T.39S,R.23E,, sec. 3202 San Juan.
113 Reynolds Mining Corporation Hatch Unit, No. 1 T.398.,R. 24 E., sec. 04 (1 San Juan.
114  Skelly Oil Company Nokai Unit, No. 1-A T.40S,R. 12 E, sec. 27 04 San Juan,
1153 Norris Oil Company Navajo, No. 1-34 T.408.,R.23E, sec. 34 13 San Juan.
116 Texaco Inc Navajo Tribe D, No. 30 T.40 S, R. 24 E,, sec. 20 03 San Juan.
117 Shell Oi{ Company Hovenweep, No. 2 T.4058,R.26E,, sec. 09 15 San Juan.
118 Texaco Inc Johns Canyon Unit, No. 1 T.41S.,R.I8E., sec. 06 13 San Juan.
119 Texaco Inc Navajo V, No. 1 T.41 8., R. 20 E,, sec. 36 04 San Juan.
120 Texas Company Navajo Tribe R, No. 6 T.415,R.24 E,, sec. 01 12 San Juan.
121 Skelly Oil Company Mexican Hat, No. 1 T.428,R. 19E, sec. 10 15 San Juan.
122 Guif Qil Corporation White Mesa, No. 1 T.428.,R. 23 E,, sec. 2701 San Juan.
123 Davis Oil Company Superior Navajo, No. | T.42S,R.24E,, sec. 1504 San Juan,
124 Pan American Petroleurn Corporation Navajo 161, No. 1 T.438.,R. 20 E,, sec. 06 14 San Juan.
125 Cities Service Oil & Gas Corporation Navajo B, No. 1 T.438,R. 20E., sec. 36 06 San Juan.
126  Western Natural Gas Company English, No. 1 T.43S,R.22E, sec, 2203 San Juan.
127  Sunray DX Qil Company Utah Navajo B, No, 1 T.43 S.,R. 23 E,, sec. 04 06 San Juan.
ARIZONA
128 Humble Qil & Refining Company Navajo 138, No. 2 T.35N,,R.30E,, sec. 06 16 Apache,
129  Kerr McGee Corporation Navajo H, No. 1 T.35N.,R.30E,, sec. 14 01 Apache.
130 Riddle and Gottlieb Navajo 8841, No. 1 T.36 N,R. 27 E,, sec. 30 05 Apache.
131  Vaughey Vaughey & Blackburn Navajo 8805, No. 6-1 T.36 N, R 28 E,, sec. 06 04 Apache.
132 Union Qil Company of California Navajo 3741 Lukachukai, 1-P-4 T.36N.,R.29E,, sec. 04 16 Apache,
133 Buites Gas and Oil Company Navajo, No. 1-24 T.37N,,R. 28 E,, sec. 24 09 Apache.
134 Pan American Petroleum Corporation Navajo Tribal T, No. 1 T.38N,, R.27E,, sec. 20 16 Apache.
135  Skelly Gil Company Navajo Q, No. 1 T.38N.,R 30E, sec. 18 04 Apache.
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Appendix 1. Drill holes used as control points for maps and cross sections—Continued.

No. Company Well name Location County
ARIZONA—Continued
136  Cactus Drilling Corporation Navajo Rock Point, No. 1 T.39N,R.26E,, sec. 19 12 Apache.
137  Occidental Petroleum Corporation Monument Navajo, No. 1 T.41N,R.22E, sec. 12 12 Apache.
138 Gulf Oil Corporation Garnet Ridge Navajo, No. 1 T.41N,R.24E,, sec. 16 01 Apache.
139 Texaco Inc Navajo AG, No. 2 T.41 N, R.25E,, sec. 21 02 Apache.
140 Tennece Qil Company Navajo 4332, No. 1 T.41N,R.26E,, sec. 33 13 Apache.
140  Shell Oil Company Navajo, No, 2 T.41 N, R 28E., sec. 03 06 Apache.
COLORADO

142 Pure Oil Company Gateway Unit, No. 1 T.15S8,R. 104 W, sec. 1519 Mesa.
143 Continental Oil Company Ute Mountain, No. 1 T.32N,R. 19W, sec. 07 04 Montezuma.
144 Davis Oil Company Red Mesa Deep, No. 1 T.33N,R. 12 W, sec. 23 06 La Plata.
145 Skelly Oil Company Lloyd Benten, No. 1 T.33N,R. 13 W, sec. 1507 La Plata.
146  California Oil Company Ute Mountain Tribal, No. 1 T.33N,R. 18W,, sec. 22 16 Montezuma.
147  General Petroleum Corporation Kikel, No. 55-17 T.34N.,R 11 W, sec. 1710 La Plata.
148  El Paso Natural Gas Company Butler Pool Unit 1, No. 44-28 T, 34 N, R 12 W sec. 28 06 La Plata.
149  Houston Qil & Minerals Corporation Ute Mountain, No. 44-34 T.34N.,R. 14 W, sec. 34 16 Montezuma.
150  Davis Oil Company Peaker Government, No. 1 T.36 N, R. 12 W, sec. 32 03 Montezuma.
151  Reynolds Mining Corporation Point Lookout, No. 1 T.36 N, R. 14 W,, sec. 1809 Montezuma.
152 Shell Oil Company Federal 23-36-17, No. 1 T.36 N,R. 17 W, sec. 23 16 Montezuma.
153 Shell Oil Company Federal 9-36-18, No. 1 T.36 N, R. 18 W, sec. 09 08 Montezuma.
154 Read & Stevens Inc Shenandoah Veach, No. 1 T.37N,R. 15 W, sec. 02 13 Montezuma.
155  Shell Oil Company State, No. 1 T.37N,R. 16 W,, sec. 04 16 Montezuma.
156  Gulf Qil Corporation Fulks, No. 1 T.37N,R. 17 W, sec. 27 04 Montezuma.
157  Shell Oil Company Federal 36-37-18, No. 1 T.37N,R. 18 W, sec. 36 09 Montezuma.
158 Hathaway Company USC, No. 1 T.37N,R.20 W, sec. 11 15 Montezuma.
159  Guif Energy & Minerals Company Dolores River Unit, No. 1 T.38N,R. 13 W, sec. 0215 Montezuma.
160  Stuarco (il Company Federal Tully, No. 1 T.38N,R. 13 W, sec. 18 14 Montezuma.
161  Great Western Drilling Company Tully State, No. 1 T.38N,R. 14 W, sec. 18 14 Montezuma.
162  Mobil Oil Company Cow Canyon Unit, No. 1 T.38N.,R. 19 W, sec. 13 04 Montezuma.
163  Gulf Oil Corporation S. Stoner Creek Federal, No.2 T.39N,R. 12 W, sec. 18 01 Dolores.
164  California Oil Company Stoner Creek Unit, No. 1 T.39N.,R. 13 W, sec. 18 07 Dolores.
165 California Oil Company House Creek Unit, No. 1 T.39N,R. 14 W sec. 1912 Montezuma.
166  Davis Oil Company Squaw Canyon Federal, No.2  T.39N,R. 19 W, sec. 18 05 Dolores.
167 Santa Fe Energy Company Narraguinnep Federal, No. 1-35 T. 40N, R. 16 W, sec. 35 12 Dolores.
168  Sinclair Oil & Gas Company Glade Canyon Unit, No. 1 T.40N.,R. 17 W, sec. 1301 Dolores.
169  Shell Oil Company Doe Canyon Unit, No. 1 T.40 N, R. 18 W, sec. 1501 Dolores.
170 ° Montex Drilling Company Mark's DPraw Unit, No, 27-1 T.41 N,,R. 13 W, sec. 2701 Dolores.
171 W A Moncrief, et al Hunt Creek Unit, No. 10-1 T. 41N, R. 15W,, sec. 1009 Dolores.
172 Continental Oil Company Big Canyon Unit, No. | T.41 N,R. 18 W, sec. 17 16 Dolores.
173  Read & Stevens Inc Shenandoah Pinto, No. 1-X T.42N.,R. 18 W, sec. 34 06 Dolores.
174  Exxon Company USA Thomas Mountain Federal, No. 1 T.43 N, R. 15 W, sec. 1204 San Miguel.
175 Read & Stevens Inc Slick Rock Federal, No. 1 T.43N,R. 17 W, sec. 08 09 San Miguel.
176  Reynolds Mining Corporation Egnar, No. 1 T.43 N, R. 19 W, sec. 14 04 San Miguel.
177  Amoco Production Company Naturita Creek Unit, No. 1 T.44N,R. 13 W, sec. 3403 San Miguel.
178  Union Oil Company of California SE Lisbon USA, No. 3 T.44N,R. 19 W, sec. 1605 San Miguel.
179  Beleco Petroleum Corporation Egnar Unit, No. 1 T.44N,R. 19 W, sec. 30 08 San Miguel.
180 Whitlock L E Swanson, No. 1-A T.45N.,R. 08 W_, sec. 1501 QOuray.



Appendix 1. Drill holes used as control points for maps and cross sections—Continued.
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No. Company Well name Location County
COLORADO—Continued
181 Davis Oil Company McClure, No. 1 T.45N.,R. 09 W, sec. 30 06 Ouray.,
182 Shell Oil Company Shell Federal, No. 21-19 T.45N,R. 13 W, sec. 1903 San Miguel.
183  Union Qil Company of California Montrose Unit, No. 2 T.45N,R. 16 W, sec. 05 15 Montrose.
184  Anadarko Production Company Hamm Canyon Unit, No. 1 T.45N,R. 18 W, sec. 26 13 San Miguel.
185  Shell Gil Company Gypsum Valley West, No, 1 T.45N,R. 19 W, sec. 26 09 San Miguel.
186  Miami Qil Producers Inc Kirby Government, No. 1 T.47N,,R. 15 W, sec. 10 06 Montrose.
187  Shell Oil Company Wray Mesa Unit, No. 1 T.47N,R. 19 W, sec. 21 15 Montrose.
188  Humble Oil & Refining Company Uravan Government, No. 1 T.48N.,R. 17 W, sec. 26 06 Montrose.
189  Mobil Qil Corporation Moon Mesa Unit, No. 1 T.49N,R. 16 W, sec. 3113 Montrose.
190  Husky Oil Company Sinbad Valley Unit, No. 2 T. 49N, R. 19 W, sec. 15 09 Mesa.
NEW MEXICO

191 Texaco Inc Navajo Tribe AQ, No. 1 T.25N,,R. 19 W, sec. 33 01 San Juan.
192 Texaco Inc Navajo Tribe Al, No. 1 T.26 N,,R. 18 W, sec. 28 08 San Juan.
193 Amerada Hess Corporation Navajo 4, No. 1 T.27N,R. 17 W., sec. 20 03 San Juan.
194  Humble Oil & Refining Company Navajo, No. 2-1 T.29N,R. 15 W, sec. 1813 San Juan.
195  Stanolind Qil and Gas Company USG, No, 13 T.29N,,R. 16 W, sec. 1907 San Juan.
196  Pan American Petroleum Corporation Hoover, No. 1-A T.30N.,R, 16 W, sec. 23 05 San Juan.
197  Pan American Petroleum Corporation Navajo Tribal AD, No. 1 T.30N, R. 21 W, sec. 13 07 San Juan.
198  Amoco Production Company Ute Mountain Gas Com D, No. 1 T. 31 N, R. 14 W, sec. 10 06 San Juan,
199  Reynelds Mining Corporation Chimney Rock, No. 1 T.31 N, R. 17 W, sec. 22 06 San Juan.
200 Humble Oil & Refining Company Navajo C, No. 1 T.31N,R. 18 W, sec. 08 01 San Juan.
201  British American Qil Producing Co  Navajo E, No. 1 T.3IN.,R.20W_, sec. 1506 San Juan,
202  Continental Oil Company Navajo 21, No. 1 T.32N.,R. 19 W, sec. 21 16 San Juan.
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