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FOREWORD
THE REGIONAL AQUIFER-SYSTEM ANALYSIS PROGRAM

The Regional Aquifer-System Analysis (RASA) program represents a systematic effort to
study a number of the Nation's most important aquifer systems which, in aggregate, underlie much
of the country and which represent important components of the Nation's total water supply. In
general, the boundaries of these studies are identified by the hydrologic extent of each system, and
accordingly transcend the political subdivisions to which investigations have often arbitrarily been
limited in the past. The broad objective for each study is to assemble geologic, hydrologic, and
geochemical information, to analyze and develop an understanding of the system, and to develop
predictive capabilities that will contribute to the effective management of the system. The use of
computer simulation is an important element of the RASA studies to develop an understanding of
the natural, undisturbed hydrologic system and the changes brought about by human activities, and
to provide a means of predicting the regional effects of future pumping or other stresses.

The final interpretive results of the RASA program are presented in a series of U.S.
Geological Survey Professional Papers that describe the geology, hydrology, and geochemistry of
each regional aquifer system. Each study within the RASA program is assigned a single
Professional Paper number beginning with Professional Paper 1400.

Charles G. Groat
Director
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REGIONAL AQUIFER-SYSTEM ANALYSIS—UPPER COLORADO RIVER BASIN IN ARIZONA, COLORADO, NEW
MEXICO, UTAH, AND WYOMING, EXCLUDING THE SAN JUAN BASIN

GEOLOGY OF PALEOZOIC ROCKS IN THE
UPPER COLORADO RIVER BASIN IN ARIZONA,
COLORADO, NEW MEXICO, UTAH, AND WYOMING,
EXCLUDING THE SAN JUAN BASIN

By Arthur L. Geldon

ABSTRACT

The geology of the Paleozoic rocks in the Upper Colorado River Basin in
Arizona, Colorado, New Mexico, Utah, and Wyoming, was studied as part of
the U.S. Geological Survey’s Regional Aquifer-System Analysis Program to
provide support for hydrogeological interpretations. The study area is seg-
mented by numerous uplifts and basins caused by folding and faulting that
have recurred repeatedly from Precambrian to Cenozoic time.

Paleozoic rocks in the study area are 018,000 feet thick. They are under-
lain by Precambrian igneous, metamorphic, and sedimentary rocks and are
overlain in most of the area by Triassic formations composed mostly of shale.
The overlying Mesozoic and Tertiary rocks are 0-27,000 feet thick.

All Paleozoic systems except the Silurian are represented in the region.
The Paleozoic rocks are divisible into 11 hydrogeologic units.

The basal hydrogeologic unit consisting of Paleozoic rocks, the Flathead
aquifer, predominantly is composed of Lower to Upper Cambrian sandstone
and quartzite. The aquifer is 0—800 feet thick and is overlain gradationally to
unconformably by formations of Cambrian to Mississippian age.

The Gros Ventre confining unit consists of Middle to Upper Cambrian
shale with subordinate carbonate rocks and sandstone. The confining unit is
0-1,100 feet thick and is overlain gradationally to unconformably by forma-
tions of Cambrian to Mississippian age.

The Bighorn aquifer consists of Middle Cambrian to Upper Ordovician
limestone and dolomite with subordinate shale and sandstone. The aquifer is
0-3,000 feet thick and is overlain unconformably by Devonian and Mississip-
pian rocks.

The Elbert-Parting confining unit consists of Lower Devonian to Lower
Mississippian limestone, dolomite, sandstone, quartzite, shale, and anhydrite.
It is 0700 feet thick and is overlain conformably to unconformably by Upper
Devonian and Mississippian rocks.

The Madison aquifer consists of two zones of distinctly different lithology.
The lower (Redwall-Leadville) zone is 0-2,500 feet thick and is composed
almost entirely of Upper Devonian to Upper Mississippian limestone, dolo-
mite, and chert. The overlying (Darwin-Humbug) zone is 0-800 feet thick
and consists of Upper Mississippian limestone, dolomite, sandstone, shale,
gypsum, and solution breccia. The Madison aquifer is overlain conformably
by Upper Mississippian and Pennsylvanian rocks.

The Madison aquifer in most areas is overlain by Upper Mississippian to
Middle Pennsylvanian rocks of the Four Corners confining unit. The lower

part of this confining unit, the Belden-Molas subunit, consists of as much as
4,300 feet of shale with subordinate carbonate rocks, sandstone, and minor
gypsum. The upper part of the confining unit, the Paradox—Eagle Valley
subunit, in most places consists of as much as 9,700 feet of interbedded
limestone, dolomite, shale, sandstone, gypsum, anhydrite, and halite. Locally,
the evaporitic rocks are deformed into diapirs as much as 15,000 feet thick.
The Four Corners confining unit is overlain gradationally to disconformably
by Pennsylvanian rocks.

The uppermost Paleozoic rocks comprise the Canyonlands aquifer, which
is composed of three zones with distinctly different lithologies. The basal
(Cutler-Maroon) zone consists of as much as 16,500 feet of Lower Pennsylva-
nian to Lower Permian sandstone, conglomerate, shale, limestone, dolomite,
and gypsum. The middle (Weber—De Chelly) zone consists of as much as
4,000 feet of Middle Pennsylvanian to Lower Permian quartz sandstone with
minor carbonate rocks and shale. The upper (Park City—State Bridge) zone
consists of as much as 800 feet of Lower to Upper Permian limestone, dolo-
mite, shale, sandstone, phosphorite, chert, and gypsum. The Canyonlands
aquifer is overlain disconformably to unconformably by formations of Triassic
and Jurassic age.

INTRODUCTION

In anticipation of increased water use for the development of
local coal and oil resources and to meet the water needs of an
expanding population, the U.S. Geological Survey from 1981 to
1990 systematically appraised the ground-water resources of
the Upper Colorado River Basin (UCRB). According to Taylor
and others (1983, 1986), specific objectives of this study
(henceforth referred to as the UCRB-RASA) included:

1. Identification of aquifers and confining units among con-
solidated sedimentary rocks of Cambrian to Tertiary age;

2. Determination of the extent, thickness, and hydrologic
characteristics of aquifers and confining units;

3. Determination of the availability of water from the
aquifers;

Al
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4. Determination of the geochemical characteristics of the
" ground water;

5. Analysis of the regional flow system under steady-state

conditions; and

6. Analysis of the flow-system responses to hypothetical

ground-water withdrawal or injection.

The regional analysis of the Upper Colorado River Basin is
described in the several chapters of USGS Professional Paper
1411. The UCRB-RASA is one of several U.S. Geological
Survey RASA studies nationwide, as discussed in the foreword
to this report.

Because the occurrence, movement, and chemical quality of
water in the region are in large part controlled by the structure
and stratigraphy of the host rocks, a lengthy analysis was made
of the stratigraphy of the Paleozoic rocks in the UCRB. This
analysis attempted to (1) correlate stratigraphic units from area
to area; (2) clarify problems of ill-defined geologic unit bound-
aries in areas where differing schemes of stratigraphic nomen-
clature come together; and (3) provide a lithological basis for
grouping a large number of geologic units into a relatively
small number of hydrogeologic units (aquifers and confining
units). This report describes the extent, thickness, lithology,
and contact relations of the Paleozoic rocks in the UCRB, as re-
lated to their occurrence in hydrogeologic units listed in plate
1. This report also describes the Precambrian and Triassic
rocks in contact with the Paleozoic rocks. Sources for the
stratigraphic material used for interpretation include unpub-
lished logs of petroleum industry boreholes prepared by the
American Stratigraphic Company, lithologic logs of damsite
exploration holes provided by the U.S. Bureau of Reclamation
(written commun., 1983-85), and measured sections and other
information from numerous geologic reports cited in the text
and listed in the “Selected References” section.

LOCATION OF STUDY

The UCRB, as defined by the Colorado River Compact of
1922, encompasses the drainages of the Green and Colorado
Rivers above the mouth of the Paria River at Lees Ferry, Ariz.,
and the internally drained Great Divide Basin of Wyoming.
The UCRB includes about 113,500 mi? of land in western Col-
orado, eastern Utah, southwestern Wyoming, northeastern Ar-
izona, and northwestern New Mexico. Because most of the San
Juan Basin, an area of about 14,600 mi?, was excluded for sep-
arate investigation, this report does not cover most of the land
in New Mexico and some of the land in southwestern Colorado
and northeastern Arizona that are in the San Juan Basin region
of the UCRB. However, the RASA study area includes some
land peripheral to the UCRB from which geologic and hydro-
logic information was obtained to support interpretations. The
area of the UCRB-RASA is about 100,000 mi?.

The UCRB, including the San Juan Basin, extends from lat-
itude 35°46” N. to latitude 43°27" N. and from longitude

105°38” W. to longitude 112°19° W. Maximum dimensions of
this area are about 560 mi from north to south and about 320 mi
from east to west. Principal towns in the UCRB include Grand
Junction, Montrose, Delta, Paonia, Glenwood Springs, Aspen,
Craig, Steamboat Springs, Meeker, Gunnison, Cortez, and Du-
rango, Colo.; Price, Vemnal, Manila, Moab, Monticello, and
Blanding, Utah; Rock Springs, Green River, Pinedale, and
Kemmerer, Wyo.; Page and Kayenta, Ariz.; and Shiprock and
Farmington, N. Mex.

PREVIOUS INVESTIGATIONS

Since the pioneering geologic work of the Powell, Hayden,
Wheeler, and King surveys of the 1860°s and 1870’s, numerous
geologic studies have been made in parts of the UCRB, partic-
ularly in the Colorado Plateaus province and in the Uinta
Mountains. Areas described in some of the more important lit-
erature are shown in figure 1.

Particularly useful in this investigation were reports that con-
tained regional, subregional, or statewide syntheses of geologic
information. Notable among these efforts is the Geologic Atlas
of the Rocky Mountain Region, published in 1972 by the Rocky
Mountain Association of Geologists. Organized by stratigraph-
ic system, papers in this atlas by Lochman-Balk (Cambrian),
Foster (Ordovician), Baars (Devonian), Craig (Mississippian),
Mallory (Pennsylvanian), and Rascoe and Baars (Permian)
contain extensive discussions of stratigraphic relations be-
tween, and the depositional history of, Paleozoic stratigraphic
units. Updates of this information for the State of Colorado
were provided in papers by Ross and Tweto, De Voto, and
Maughan compiled in the book “Colorado Geology,” published
in 1980 by the Rocky Mountain Association of Geologists. The
stratigraphy of Utah is discussed in some detail by Hintze
(1973); the stratigraphy of Arizona is discussed cursorily by
Wilson (1962). A book entitled “Rocky Mountain Sedimentary
Basins,” published in 1965 by the American Association of
Petroleum Geologists, is a compilation of papers on the depo-
sitional and tectonic history of areas within and peripheral to
the UCRB, including the Overthrust Belt (Armstrong and Oriel,
1965), Kaiparowits and Black Mesa Basins (Lessintine, 1965),
Paradox Basin (Ohlen and Mclntyre, 1965), Uinta Basin (Os-
mond, 1965), San Juan Basin (Peterson and others, 1963),
Piceance and Eagle Basins (Quigley, 1965), and Oquirrh Basin
(Roberts and others, 1965). For the Colorado Plateaus province
alone, a 1983 book by Baars entitled, “The Colorado Plateau—
a geologic history,” contains the most comprehensive regional
synthesis of previously published discussions of Paleozoic
stratigraphy and geologic history.

Many subregional syntheses of information on the Paleozoic
rocks were reviewed during the UCRB-RASA. Representative
of these reports are studies by Baars (1958), Cooper (1960),
Parker and Roberts (1963), Benson (1966), Campbell (1972),
Gerhard (1972), Middleton and others (1980), and Ross (1986)
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on the Cambrian to Mississippian rocks; reports by Conley
(1972), Nadeau (1972), Rose (1977), Mallory (1979), McKee
(1979), Roberts (1979), and Sando (1979) on the Mississippian
rocks; and reports by Langenheim (1952, 1954), Wengerd and
Strickland (1954), Wengerd (1957, 1958), Kunkel (1958,
1960), McKelvey and others (1959), Merrill and Winar (1961),
Read and Wanek (1961), Baars (1962, 1979), Kirkland (1963),
Boggs (1966), Hallgarth (1967), Mallory (1967, 1971, 1975),
Maughan (1967, 1979), McKee (1967, 1975, 1982), Sheldon
and others (1967), Freeman (1971), Bartleson (1972), De Voto
(1972), Hite and Cater (1972), Sando and others (1975),
Freeman and Bryant (1977), Irtem (1977), Welsh and others,
(1979), Steele-Mallory (1982), De Voto and others (1986),
Dodge and Bartleson (1986), Johnson (1987, 1989), and
Johnson and others (1990) on the Pennsylvanian and Permian
rocks.

SYSTEM OF NUMBERING WELLS AND SPRINGS

Wells and springs are numbered in this report according to
the U.S. Bureau of Land Management system. The first one or
two letters in the site-identification number represent the prin-
cipal survey meridian. The UCRB is referenced to seven prin-
cipal survey meridians; symbols adopted for these meridians in
this report are

G - Gila and Salt River
N - Navajo
NM - New Mexico
S - Sixth
SL - Salt Lake
U - Uintah
UT - Ute

Letters and numbers following the symbol for the principal
survey meridian in the site identification number refer, in order,
to quadrant, township, range, section, quarter section, quarter-
quarter section, quarter-quarter-quarter section, and number of
well or spring within the smallest physical boundary (multiple
ground-water sites within the smallest physical boundary are
numbered consecutively). Quadrants and divisions of sections
are labeled from A to D in a counter-clockwise direction start-
ing with the northeast quadrant or section division. Quadrant
designations usually are upper case; section division designa-
tions usually are lower case. Zeros or dashes are used to sepa-
rate quadrant, township, range, and section designations. As an
example, a well numbered SC06-89-09bda, is the first well in
the northeast quarter of the southeast quarter of the northwest
quarter of Section 9, Township 6 South, Range 89 West, in the
southwest quadrant of the Sixth principal survey meridian.
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GEOLOGIC SETTING

Exposed rocks in the Upper Colorado River Basin range in
age from Precambrian to Tertiary (pl. 2). Precambrian sedi-
mentary, metamorphic, and igneous rocks crop out in the center
of uplifted areas. Paleozoic rocks also crop out in uplifted
areas. Mesozoic rocks have widespread surface exposure,
particularly in the southern part of the area. Tertiary sedimen-
tary rocks crop out extensively in structural basins north of the
Uncompahgre Plateau. Tertiary intrusive and extrusive rocks
are widespread in the Colorado Plateaus and Southern Rocky
Mountains.

STRATIGRAPHIC AND HYDROGEOLOGIC
NOMENCLATURE

The extent, thickness, and lithology of Paleozoic rocks de-
scribed in this report (table 1, oversize) were determined from
examination of more than 700 lithologic logs of oil and gas
wells and exploratory boreholes (American Stratigraphic Co.,
unpublished), lithologic logs of damsite boreholes (U.S.
Bureau of Reclamation, unpublished), and more than 200 pub-
lished surface stratigraphic sections. Data sites generally were
selected at intervals of 10 to 20 mi for compiling stratigraphic
information on maps and correlation diagrams. More widely
spaced intervals were used in areas of sparse data, particularly
in the deep structural basins of Wyoming and Utah. In thrust-
faulted areas, such as the Overthrust Belt (pl. 1), part or all of a
geologic formation can be repeated two or more times
vertically. In these areas, fault-repeated beds were not included
in calculating thicknesses of Paleozoic strata and depths to the
top of the Paleozoic rocks.

Formation tops and bottoms were picked by tracing
lithologic intervals between boreholes and measured sections
plotted at vertical scales ranging from 1:1,200 to 1:4,800
(depending on total plotted thickness). The Paleozoic column
was divided into three vertical intervals for correlation. These
intervals (see table 1) were (1) the top of the Weber—-De Chelly
zone of the Canyonlands aquifer to the top of the Paleozoic
rocks; (2) the top of the Redwall-Leadville zone of the Madison
aquifer to the bottom of the Weber~DeChelly zone; and (3) the
top of the Precambrian rocks to the bottom of the Redwall-
Leadville zone. In many instances, formation tops and bottoms
identified on geologic logs were reinterpreted.

The areal extent of individual formations, as mapped in
this study, may differ from interpretations shown in other
reports for some areas. Existing stratigraphic nomenclature
in the UCRB is the result of over 100 years of geological



GEOLOGY OF PALEOZOIC ROCKS, UPPER COLORADO RIVER BASIN AS

investigation. One unfortunate result of numerous individual
geologic efforts in isolated parts of the UCRB over this long
period of time has been a system of nomenclature that varies
from geographic area to geographic area without any consis-
tent basis for recognized name changes within correlative
stratigraphic sequences. Many name changes are based on
facies changes of local extent; some merely reflect the limits
of geographically preferred terms within a homogeneous
stratigraphic sequence. Some name changes are based on in-
ferred depositional history; others are based on relatively
small variations in the age of a homogeneous stratigraphic
sequence.

Formations cited in this report are lithostratigraphic units, as
defined by the North American Stratigraphic Code (North
American Commission on Stratigraphic Nomenclature, 1983,
p. 855-856). According to this code, lithostratigraphic units
are recognizable only on the basis of observable rock character-
istics; they cannot be based on inferred geologic history, depo-
sitional environment, or biological sequence. Nor do “ * * *
inferred time-spans, however measured, play [any] part in dif-
ferentiating or determining the boundaries of any lithostrati-
graphic unit * * *. The body [of the unit] in some places may
be entirely younger than in other places,” provided it does not
contain identifiable regional unconformities. Many of the pre-
viously established criteria for delimiting Paleozoic formations
in the study area do not conform to this code.

An attempt was made in compiling stratigraphic information
during this study to preserve as many of the long-established
geologic names as possible but in such a manner that name
changes within correlative stratigraphic sequences had a con-
sistent basis. Accordingly, formation boundaries within correl-
ative sequences were demarcated in this report on the basis of
(1) an identifiable lithologic variation, or (2) an identifiable
boundary between depositional centers. The term “equivalent”
was used where geologic formations were correlated on the
bases of borehole lithologic logs, but where paleontological
and other information necessary for unequivocal stratigraphic
designation was lacking. For example, in southwestern Colo-
rado, rocks similar to the Bright Angel Shale and Muav Lime-
stone, respectively, are designated “Bright Angel equivalent”
and “Muav equivalent.” Some of the geologic names used in
this report are not used by the U.S. Geological Survey (USGS)
but are used widely by academic and industry geologists in
parts of the UCRB. These names were felt to be more useful
for regional correlation and discussion than names accepted by
the USGS. Sources for names not accepted by the USGS are
cited where these names appear throughout the report.

Two types of correlative sequences were recognized: (1)
Sequences of essentially homogeneous lithology that are
slightly time-transgressive; and (2) sequences of diverse
lithology that represent a depositional trend within an
essentially integral time horizon. Examples of the first type of
* lithologic sequence include the basal Cambrian Ignacio-
Tapeats - Tintic - Lodore - Sawatch - Flathead sandstone and

quartzite sequence; the Mississippian Leadville-Redwall-
Madison-Lodgepole-Mission Canyon limestone and dolomite
sequence; and the Pennsylvanian and Permian De Chelly-
Coconino-White Rim- Weber - Wells - Tensleep sandstone
sequence (table 1). Examples of the second type of sequence
include the mostly Devonian Elbert-Parting-Darby carbonate-
clastic sequence; the Mississippian and Pennsylvanian
Paradox-Manakacha-Round Valley-Eagle Valley-Moffat Trail
carbonate-evaporite-clastic sequence; and the Permian Kaibab-
Toroweap-Park City-Phosphoria-lower State Bridge-lower
Goose Egg carbonate-clastic sequence (table 1).

Because the information in this report was compiled for an
analysis of ground-water flow systems, stratigraphic sequences
are grouped into hydrogeologic units for mapping and discus-
sion. A hydrogeologic unit in this report is defined as a group
of geologic formations or members of formations that are relat-
ed stratigraphically and share hydrologic properties that are
similar or vary systematically as a result of changing deposi-
tional environments. Hydrogeologic units listed in table 1 in-
clude aquifers, confining units, and their subdivisions (zones
and subunits). They consist of either a single correlative se-
quence, such as those described in the previous paragraph, or
several correlative sequences. The second type of hydrogeo-
logic unit is represented by the Cutler-Maroon zone of the Can-
yonlands aquifer, which consists of a sequence of interbedded
carbonate and clastic rocks (the upper member of the Hermosa
Formation and equivalents) overlain by a sequence of red beds
(the Cutler Group, Maroon Formation, and equivalents).

Hydrogeologic unit information was compiled initially on
1:1,000,000- and 1:2,000,000-scale maps. A 10 mix 10 mi grid
was placed over each 1:2,000,000-scale map of the individual
hydrogeologic units, and the grid-center thicknesses were added
to determine the total thickness of Paleozoic rocks at each grid
center. Grid-center total thicknesses were contoured to deter-
mine the regional distribution of the Paleozoic rocks. A similar
method combining data for Mesozoic and Tertiary rocks was
used to determine depths to the top of the Paleozoic rocks, the
top of the Madison aquifer, and the top of the Flathead aquifer
throughout the region. Variations in the thickness of the Pale-
ozoic rocks and depths to the top of these rocks in the UCRB
and vicinity are shown on plate 3.

PRECAMBRIAN ROCKS

The Precambrian rocks in the UCRB consist mostly of un-
named metamorphic and plutonic rocks of Archean and Prot-
erozoic age (pl. 4). Proterozoic sedimentary rocks are
preserved in a few areas (table 1).

The Archean rocks are part of the Wyoming cratonic
province (Karlstrom and others, 1987, fig. 1), that extends from
the Yellowstone region and Beartooth Mountains on the
Montana-Wyoming border south to the northern Sierra Madre
and the north flank of the Uinta Mountains (Hedge and others,
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1986, fig. 1). The southern boundary of this province, the
Cheyenne Belt (pl. 1), is an arcuate band of thrust faulting,
recumbent folding, and mylonitization, which Duebendorfer
and Houston (1987, p. 566) interpreted as a zone of crustal
accretion along a passive continental margin. North of the
Cheyenne Belt in Wyoming, the Archean rocks consist of a
granite-gneiss complex overlain by a supracrustal sequence of
quartzite, metagraywacke, metaconglomerate, slate, phyllite,
schist, iron-formation, serpentinite, greenstone, and amphibo-
lite. These metamorphic rocks are intruded by granite, grano-
diorite, quartz diorite, diorite, and gabbro plutons (Love and
Christiansen, 1985; Hedge and others, 1986, Duebendorfer and
Houston, 1987). On the north flank of the Uinta Mountains, the
Red Creek Quartzite consists of intensely fractured quartzite,
subordinate quartz-mica schist and amphibolite, and minor
calc-silicate rock, marble, metagraywacke, and pegmatite
(Hansen, 1965b, p. 22-32). The Red Creek Quartzite is ap-
proximately 2.5 billion years old and more than 20,000 ft thick
(Hedge and others, 1986; Tweto, 1987). In Wyoming, Archean
metamorphic rocks are 2.6 to 3.0 billion years old, whereas the
plutonic rocks are 2.6 to 2.7 billion years old (Love and
Christiansen, 1985; Hedge and others, 1986, pl. 1).

A second period of Proterozoic tectonic activity accompa-
nied by igneous intrusion is indicated by 1.6- to 1.8-billion-
year-old metamorphic and plutonic rocks that extend from the
southern Sierra Madre in Wyoming south through Utah and
Colorado into northeastern Arizona (Karlstrom and others,
1987, fig. 1). These rocks constitute an accretionary terrane
that Reed and others (1987) called the Colorado province. The
metamorphic rocks of the Colorado province in the Sierra Ma-
dre and Colorado are derived from sedimentary and volcanic
rocks. The metasedimentary rocks include biotite gneiss,
schist, and migmatite, with subordinate hornblende gneiss,
calc-silicate rock, marble, metagraywacke, and quartzite; the
metavolcanic rocks include quartz-feldspar gneiss (metatuff),
greenstone, and amphibolite (Tweto, 1980a; Reed and others,
1987). In Utah, 1.7-billion-year-old metamorphic rocks ex-
posed in canyons of the Colorado and Dolores Rivers northeast
of Moab include biotite gneiss and schist, hornblende schist,
and migmatite (Dane, 1935, p. 22-23; Hintze, 1973, p. 157-
158). In the Grand Canyon of northeastern Arizona, metamor-
phic rocks of Colorado province age (1.65 billion years) are
assigned to the Vishnu Schist (fig. 2). As described by Bill-
ingsley and others (1987, p. 20), the Vishnu Schist consists of
amphibolite, homblende schist, anthophyllite-cordierite schist,
sillimanite-bearing quartz-feldspar schist, and migmatite
gneiss.

In the Colorado province of Colorado and Wyoming, the
metamorphic rocks are invaded by calc-alkaline plutons that
collectively constitute nearly half of the Early Proterozoic ter-
rane (Reed and others, 1987, p. 861). Plutons of variably
foliated monzonitic granite, granodiorite, and tonalite are the
most widespread, but small plutons, dikes, and sills of gabbro,
diabase, quartz diorite, and trondhjemite occur (Reed and

others, 1987, p. 861). According to Hedge and others (1986, pl.
1), the Early Proterozoic plutonic rocks of Colorado and
Wyoming were emplaced 1.6 to 1.7 billion years ago. In the
Grand Canyon, the Vishnu Schist is intruded by the Zoroaster
Plutonic Complex of foliated and nonfoliated granitic plutons,
some of which postdate the metamorphism (Billingsley and
others, 1987, p. 22).

Considerably less metamorphosed than the Early Proterozo-
ic rocks, sedimentary rocks of the Uncompahgre Formation in
and near the San Juan Mountains of southwestern Colorado and
unnamed slightly metamorphosed, sedimentary and volcanic
rocks exposed in the Defiance Plateau of Arizona apparently
were deposited in a marine setting after the tectonic events that
deformed and metamorphosed the Early Proterozoic rocks.
The Uncompahgre Formation is an 8,000-ft-thick sequence of
crossbedded quartzite (fig. 3), conglomerate, slate, and phyllite
(Hedge and others, 1986, p. 10). The Defiance Plateau se-
quence consists of quartzite, phyllite, schist, silicified lime-
stone, and greenstone (Cooley and others, 1969, p. 10-11).
The age of the Uncompahgre Formation is constrained by dated
rocks beneath it and by the cross-cutting Eolus Granite as be-
tween 1.6 and 1.45 billion years (Hedge and others, 1986, p.
10). Thus, the Uncompahgre Formation is considered Early
and Middle Proterozoic.

Middle Proterozoic history apparently was dominated by the
emplacement of granitic and monzonitic plutons throughout
the UCRB. These plutons, which range from 1.48 to 1.35 bil-
lion years old, include the Sherman Granite in the Sierra Ma-
dre, the Silver Plume Granite in the Front Range, the St. Kevin
Granite in the Sawatch Range, the Eolus Granite in the San
Juan Mountains, quartz monzonite intrusives in the Uncompah-
gre Plateau and Paradox Basin, and nonfoliated granitic plutons
in the Zoroaster Plutonic Complex of the Grand Canyon
(Hintze, 1973, p. 157-158; Hedge and others, 1986, pl. 1; Bill-
ingsley and others, 1987, p. 22).

The Precambrian culminated with mild tectonic and igneous
activity, accompanied by the deposition of sedimentary rocks
between about 1.2 billion and 800 million years ago. These
sedimentary rocks have not been metamorphosed. Igneous
rocks include the 1-billion-year-old Pikes Peak Granite in the
Front Range of Colorado (Hedge and others, 1986, pl. 1) and
the 1.1-billion-year-old Cardenas Lavas (the top of the Unkar
Group) in the Grand Canyon (Beus and Lucchita, 1987, p. 13).
The latest sedimentary deposits of Proterozoic age include the
Uinta Mountain Group in the Uinta Mountains and vicinity and
the Grand Canyon Supergroup in the Grand Canyon area.

Sedimentary rocks of the Uinta Mountain Group (Wallace
and Crittenden, 1969) unconformably overlie the Archean Red
Creek Quartzite in the Uinta Mountains and are encountered in
boreholes in the Uinta, Piceance, and Sand Wash Basins (pl. 4).
The majority of this unit consists of red, gray, pink, and white
quartzite and arkosic sandstone with lenses and interbeds of red
and olive-green argillite and fissile shale (fig. 4). In the western
Uinta Mountains and Uinta Basin, the quartzite and sandstone



GEOLOGY OF PALEOZOIC ROCKS, UPPER COLORADO RIVER BASIN A7

are overlain by as much as 5,000 ft of olive-green and black
siltstone and claystone with quartzite and arkosic sandstone in-
terbeds, that constitute the Red Pine Shale. The Uinta Moun-
tain Group is as much as 24,000 ft thick in the Uinta Mountains
(Hansen, 1965b, p. 32-38). As indicated by intrusive rocks and
the age of the Red Pine Shale, the Uinta Mountain Group prob-
ably was deposited between 1,440 and 950 billion years ago
(Hedge and others, 1986, p. 10).

The 13,000-ft-thick Grand Canyon Supergroup consists of
the Unkar Group, Nankoweap Formation, and Chuar Group
(Beus and Lucchita, 1987, p. 10). The Unkar Group, which
was deposited between 1.25 and 1.1 billion years ago (Donald
Elston, U.S. Geological Survey, oral commun., 1987), includes
the Bass Limestone, Hakatai Shale, Shinumo Quartzite, inter-
bedded sandstone, siltstone, and mudstone of the Dox Forma-
tion, and the Cardenas Lavas. The Nankoweap Formation
consists mostly of sandstone and conglomerate. The Chuar
Group, which was deposited between 1,070 and 820 million
years ago (Beus and Lucchita, 1987, p. 12), is composed of
shale and interbedded limestone of the Galeros and Kwagunt
Formations overlain by interbedded sandstone, conglomerate,
and breccia of the Sixty Mile Formation. The Grand Canyon
Supergroup apparently was removed by erosion north and east
of the Paria River (pl. 4), and its exact thickness between the
Grand Canyon and Paria River is unknown.

GENERAL PALEOZOIC STRATIGRAPHY

Formations representing all Paleozoic systems, except the
Silurian, are present in the study area (table 1). As evidenced

FIGURE 2.—Rocks ranging in age from Pro-
terozoic to Permian exposed along the
Colorado River in the Grand Canyon,
Ariz. Bv, Proterozoic Vishnu Schist;
€t, Cambrian Tapeats Sandstone; €b,
Cambrian Bright Angel Shale; €m,
Cambrian Muav Limestone; Mr, Mis-
sissippian Redwall Limestone; PIPs,
Pennsylvanian and Permian Supai
Group; Ph, Permian Hermit Shale; Pc,
Permian Coconino Sandstone; Ptk, Per-
mian Toroweap Formation and Kaibab
Formation.

by limestone inclusions of Silurian age in kimberlite diatremes
along the Colorado-Wyoming border (Ross and Tweto, 1980,
p. 52-53), Silurian marine deposits probably were present at
one time but have since been removed by erosion. Paleozoic
rocks of the UCRB were deposited during five major marine
incursions.

Formations of Cambrian to Mississippian age (pl. 5) pre-
dominantly consist of marine carbonate rocks and are relatively
thin when compared to overlying formations of mostly Penn-
sylvanian and Permian age (some of these formations are partly
Mississippian or partly Triassic). Formations of Cambrian age
comprise a transgressive marine sequence of sandstone, shale,
and carbonate rocks. (In this report, the term “shale” includes
claystone, mudstone, siltstone, sandy shale, carbonaceous
shale, marl, and argillite.) Formations of Ordovician age con-
sist mostly of limestone and dolomite, with a thin intervening
sandstone unit present locally. The Ordovician rocks formerly
covered a much larger area, but, because of erosion, are now re-
stricted to northwestern Colorado and the northwestern Green
River Basin and adjacent areas in Wyoming. Formations of
Devonian age consist of a lower mixed carbonate-shale-sand-
stone sequence and an upper limestone-dolomite sequence.
Formations of Mississippian age consist mostly of a thick car-
bonate sequence that locally is capped by a thin sequence of
variable carbonate, shale, and sandstone lithology. Formations
of Cambrian to Mississippian age generally are less than 4,500
ft thick, but they are as much as 5,500 ft thick in the High Pla-
teaus region of Utah and 6,500 ft thick in the Overthrust Belt of
Wyoming.

Formations of mostly Pennsylvanian and Permian age pre-
dominantly consist of terrigenous or marine sandstone and
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FIGURE 3.—Near-vertical beds of quartzite in the Early and Middle Proterozoic
Uncompahgre Formation overlain by subhorizontal dolomite, shale, and
sandstone of the Devonian Elbert Formation at Box Canyon Falls, Ouray,
Colo.

shale. The basal sequence in this interval, of Mississippian and
Pennsylvanian age, consists of partly marine and partly
terrigenous shale with subordinate interbeds of limestone and
dolomite. Formations of Pennsylvanian age predominantly
consist of interbedded carbonate rocks, sandstone, and shale of
marine origin. However, thick sequences of marine evaporites
are present in the Paradox and Eagle Basins, and thick terrige-
nous deposits of sandstone, shale, and conglomerate are present
in northwestern Colorado. Formations of Pennsylvanian and
Permian age predominantly consist of partly marine and partly
eolian sandstone and terrigenous red beds of variable shale,
sandstone, and conglomerate. Formations of Permian age
predominantly consist of interbedded carbonate rocks, sand-
stone, and shale of marine origin and locally contain interbed-
ded anhydrite. Formations of Permian and Triassic age consist
of terrigenous red beds with minor to subordinate carbonate
rocks and gypsum-anhydrite.

Formations of mostly Pennsylvanian and Permian age are
characterized by abrupt changes in facies. Nomenclatural

FIGURE 4.—Rocks ranging in age from Proterozoic to Pennsylvanian exposed
along the Green River at the eastern end of the Uinta Mountains in
Dinosaur National Monument, Colo. Units shown are Pu, Proterozoic
Uinta Mountain Group; €I, Cambrian Lodore Formation; Mm, Missis-
sippian Madison Limestone; Mh, Mississippian Humbug Formation; Md,
Mississippian Doughnut Shale; [Pr, Pennsylvanian Round Valley Lime-
stone; and [Pm, Pennsylvanian Morgan Formation. The shaly upper part
of the Lodore Formation is equivalent to the Gros Ventre Formation of
Wyoming and the Ophir Shale of the western Uinta Mountains and
southeastern Utah.

variation from area to area is based on arbitrary groupings of
stratigraphic sequences. The total thickness of these rocks
generally is less than 2,000 ft in Wyoming and less than 4,000
ft elsewhere. However, these rocks are as much as 10,500 ft
thick in the Paradox basin and 17,500 ft thick in the Elk
Mountains.

The total thickness of the Paleozoic rocks ranges from 0 to
about 18,000 ft (pl. 3). The Paleozoic rocks are missing in the
center of the Uinta Mountains, Uncompahgre Plateau, Sawatch
Range, Park Range, Gore Range, and Front Range (see pl. 1 for
locations of geographic areas discussed in this paragraph)
because of erosion or nondeposition. Thicknesses increase
generally westward, reflecting repeated marine incursions from
the west throughout the Paleozoic. However, depositional
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centers on the eastern side of the area occur. Thicknesses of
8,000-16,000 ft in the Paradox Basin and 8,000-18,000 ft in
the Eagle Basin—Elk Mountains area are the combined result of
evaporite flowage and the deposition of large volumes of ter-
rigenous material derived from the ancestral Rocky Mountains
(of Pennsylvanian and Permian age). On the western side of
the UCRB, maximum thicknesses generally range from 7,000
to 8,000 ft. Thicknesses in the Overthrust Belt of Wyoming are
allochthonous; Paleozoic rocks present in the area were depos-
ited in foreland basins of the Cordilleran miogeosyncline 50—
60 miles to the west (Royse and others, 1975; Peterson, 1977).

Paleozoic rocks are more than 25,000 ft deep in several
structural basins but less than 2,500 ft deep in and near uplifted
areas (pl. 3). Abrupt changes in the thickness of the overlying
Mesozoic and Tertiary rocks occur on the western edge of the
Wind River Mountains, on the eastern edge of the Overthrust
Belt, and on the northern and southern edges of the Uinta
Mountains because of thrust faults. Paleozoic rocks are
26,000-27,000 ft deep in parts of the Green River, Great Di-
vide, Washakie, and Uinta Basins; 15,000-22,000 ft deep in
parts of the Sand Wash and Piceance Basins, and the High Pla-
teaus region; 5,000—-10,000 ft deep in parts of the Henry Moun-
tains, Kaiparowits, and Kaibito Basins, the Douglas Creek
Arch, and the Rock Springs Uplift; and generally less than
5,000 ft deep elsewhere. The Paleozoic rocks are less than
2,500 ft deep in large parts of the area south of the Uncompah-
gre Plateau and east of the Colorado and Green Rivers. They
also generally are less than 2,500 ft deep in the White River
Plateau, Elk Mountains, and Eagle Basin, where they form
most of the land surface.

MESOZOIC ROCKS

Paleozoic rocks in the study area are overlain nearly every-
where by rocks of Triassic age (pl. 4). Lower Triassic rocks
comprise the base of the Triassic System in most areas. How-
ever, these rocks were either eroded or never deposited east of
the Monument Upwarp and northwestern Paradox Basin and
south of the southern Piceance Basin and Elk Mountains. In
most of this area, Upper Triassic rocks form the base of the
Triassic System. The Upper Triassic rocks are missing in an
area encompassing the southeastern corner of the Piceance
Basin, eastern West Elk Mountains, and western Elk Moun-
tains and in a small part of the southern Gore Range. In these
areas, largely eolian rocks of Jurassic age, either the Wingate
Sandstone or Entrada Sandstone (see Peterson, 1988, for
detailed stratigraphic discussion of Jurassic rocks in the south-
emn Rocky Mountain region) overlie the Paleozoic rocks.
Triassic rocks also are missing in some areas of the Wyoming
Overthrust Belt where the Wasatch Formation, a unit of
Tertiary age mostly consisting of shale and fine-grained sand-
stone (see Oriel, 1969, for detailed description of the Wasatch
Formation at the eastern edge of the Overthrust Belt), caps the
Paleozoic rocks.

Lower Triassic rocks in contact with Paleozoic rocks in the
study area include the Moenkopi Formation, Woodside Shale,
upper part of the State Bridge Formation, upper part of the
Goose Egg Formation, and Dinwoody Formation (see Hansen,
1965b, and Stewart and others, 1972a, for detailed descrip-
tions). Upper Triassic rocks in contact with Paleozoic rocks in
the study area include the Chinle and Dolores Formations (see
Stewart and others, 1972b, for detailed descriptions).

The Moenkopi Formation is divided into numerous members
on the basis of lithologic variations that do not persist through-
out the region. Although shale is the predominant lithology,
sandstone, conglomerate, and carbonate rocks also are present
in the formation.

In northeastern Arizona and southeastern Utah west of the
Monument Upwarp and south of the Capitol Reef Fold and
Fault Belt (pl. 1), members of the Moenkopi Formation in con-
tact with Paleozoic rocks are lithologically diverse. The
Timpoweap Member consists of a laterally variable sequence
of gray and yellow limestone, siltstone, sandstone, and chert-
pebble conglomerate. The Sinbad Limestone Member consists
of yellowish-gray, olive-gray, and yellowish-orange limestone
and dolomite with siltstone interbeds. The lower red member
consists mostly of grayish-red and light-brown, micaceous
siltstone. The ledge-forming member consists of grayish-red,
reddish-brown, orange, and gray siltstone, sandy siltstone, and
very fine grained sandstone.

In the Defiance Plateau, Monument Upwarp, and northwest-
ern Paradox Basin, the Moenkopi Formation, in contact with
Paleozoic rocks, mostly consists of siltstone, sandstone, and
conglomerate. The lower massive sandstone member consists
of grayish-yellow, very fine grained sandstone. The Hoskinni-
ni Member consists of reddish-brown sandy siltstone and silty,
very fine grained sandstone. The Tenderfoot Member consists
of reddish-brown siltstone and conglomerate with interbedded
gypsum near the bottom of the unit.

In most of southeastern Utah where the Moenkopi Formation
is the basal Triassic unit, the lower slope-forming member
overlies the Paleozoic rocks. The lower slope-forming member
consists of grayish-red, yellowish-gray, and light-greenish-
gray siltstone and sandy siltstone. The equivalent of this unit
in northwestern Colorado, the eastern Uinta Mountains, and the
southeastern Washakie Basin is the undivided Moenkopi For-
mation. The undivided Moenkopi Formation consists of red,
brown, orange, yellow, and gray siltstone with minor amounts
of mudstone, very fine grained sandstone, and gypsum.

Stratigraphic equivalents of the Moenkopi Formation are
composed mostly of shale. The Woodside Shale, in the Uinta
Basin and western Uinta Mountains, consists of red siltstone
and claystone with some interbeds of very fine grained sand-
stone. The upper part of the State Bridge Formation from the
Piceance Basin and White River Plateau to the Park Range
consists of red siltstone with subordinate claystone and sand-
stone layers. The upper part of the Goose Egg Formation in the
eastem Sand Wash, Washakie, and Great Divide Basins
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consists of red anhydritic and dolomitic shale (the Freezeout
Shale Member) capped by a thin limestone bed (the Little Med-
icine Member). The Dinwoody Formation consists of light-
gray and greenish-gray limy siltstone and claystone with inter-
bedded friable, fine-grained sandstone, crystalline limestone
and dolomite, and minor gypsum.

In many areas, Upper Triassic rocks in contact with
Paleozoic rocks predominantly consist of sandstone and
conglomerate. The Shinarump Member of the Chinle Forma-
tion, which overlies the Paleozoic rocks in the Defiance Plateau
area, consists of yellowish-gray and yellow-orange, friable,
fine- to coarse-grained sandstone and chert-pebble conglomer-
ate. The Moss Back Member of the Chinle Formation and the
lower member of the Dolores Formation, which form the basal
Triassic sequence in the Paradox Basin and San Juan Moun-
tains, are very similar to the Shinarump Member. The Gartra
Member of the Chinle Formation, which caps the Paleozoic
rocks in a small area southwest of Glenwood Springs, Colo.,
also is composed of sandstone and conglomerate.

Shale members of the Chinle Formation overlie Paleozoic
rocks in three areas. On the north flank of the Uncompahgre
Plateau, the Paleozoic rocks are overlain by the Church Rock
Member and red siltstone member of the Chinle Formation.
The Church Rock Member is composed of reddish-brown,
reddish-orange, and light-brown siltstone with lenses and
persistent beds of pink and light-greenish-gray fine-grained
sandstone and sandy siltstone. The red siltstone member in this
area consists of reddish-brown and grayish-red siltstone with
lenses of limestone-pebble conglomerate. South of the
Uncompahgre Plateau, near Placerville, Colo., the red siltstone
member again overlies Paleozoic rocks. In this area, however,
the unit contains a large proportion of red, fine-grained sand-
stone interbedded with the siltstone. In the Four Corners area,
Paleozoic rocks are overlain by the Petrified Forest Member of
the Chinle Formation. The Petrified Forest Member consists of
red, greenish-gray, purple, yellow, and blue claystone, clayey
siltstone, and clayey sandstone with lenses of coarse-grained
sandstone and conglomerate.

STRUCTURE

The UCRB is situated in an unstable foreland region be-
tween the stable North American Craton to the east (Great
Plains physiographic province) and the block-faulted Cordille-
ran Geosyncline to the west and south (Basin and Range phys-
iographic province). Tectonic activity in the UCRB began in
the Precambrian, continued repeatedly throughout the Paleozo-
ic, and culminated on a regional scale in the Tertiary (Grose,
1972; Kent, 1972; Hintze, 1973; Peterson, 1977; Stone, 1977,
1986; Tweto, 1980c; De Voto and others, 1986; Hansen,
1986a).

The Paleozoic rocks in the UCRB have been deformed into
numerous synclines and anticlines (pl. 1). Many mountain
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ranges, including the Wind River Mountains, Gros Ventre
Range, Uinta Mountains, San Juan Mountains, Front Range,
and Sawatch Range, essentially are large anticlinoriums with
Precambrian cores and limbs composed of folded and faulted
Paleozoic, Mesozoic, and Tertiary sedimentary rocks (see sec-
tions B~B’, D-D’, and G-G, pl. 2). Many of the basins and up-
lifts, particularly in the Colorado Plateaus province, are
distinctly asymmetrical. Such folds, including those forming
the White River Plateau, Piceance Basin, Uinta Basin, San
Rafael Swell, Circle Cliffs Uplift, Henry Mountains Basin,
Monument Upwarp, and Kaibab Plateau, are steep to over-
turned on one limb and gently homoclinal on the opposite limb
(see sections B—B’, D-D’, E-E’, and H-H’, pl. 2). Some folds,
such as those forming the Rock Springs Uplift, Rawlins Uplift,
Douglas Creek Arch, and Defiance Plateau, are nearly symmet-
rical (see sections D-D’ and I-I', pl. 2).

Most major fold axes trend northwesterly or north-northeast-
erly. The Uinta Mountains, however, consist of two domes
with the longer axes aligned approximately east-west (pl. 1).
The two domes formed by the intersection of an east-west-
oriented anticline with the axes of the previously uplifted Moxa
Arch on the west and the Rock Springs Uplift-Douglas Creek
Arch structural trend on the east (Ritzma, 1969; Hansen,
1986a). According to Hansen (1986b, p. 40), uplift began dur-
ing latest Cretaceous time, reached its peak from Paleocene to
Oligocene time, and continued into the Quaternary with large-
scale tilting of the eastern Uinta Mountains and both normat
and reverse movement along new and preexisting faults.

Domes of small areal extent that resulted from the intrusion
of Tertiary igneous rocks occur in the southern part of the Col-
orado Plateaus province (see pls. 1 and 2). These domes form
the San Juan Mountains (including the outlying San Miguel,
Rico, and La Plata Mountains), the Abajo Mountains, the Hen-
ry Mountains, Navajo Mountain, Sleeping Ute Mountain, the
Carrizo Mountains, and La Sal Mountains.

Faults are associated with most uplifts (pl. 1). The most
prevalent faults are high-angle, reverse, or normal faults
(Grose, 1972, p. 36). High-angle normal faults transect most
ranges in the Southern and Middle Rocky Mountains provinces
and are the dominant type of fault in the Colorado Plateaus
province. High-angle normal faults, arranged en echelon, bor-
der the Gore Range, Sawatch Range, Uncompahgre Plateau,
Gunnison Plateau, and the High Plateaus of Utah (see sections
D-D', E-E’, F-F’, and H-H’, pl. 2). The Uncompahgre Plateau
essentially is a horst over which Mesozoic rocks are drape-
folded (Stone, 1977; Heyman and others, 1986). A prominent
zone of faulting known as the Colorado Lineament (Warner,
1980) extends northeastward from northern Arizona to the
Southern Rocky Mountains and includes the Needles Fault
Zone of the Canyonlands region and the Homestake Shear
Zone of the Sawatch Range (pl. 1).

One of the most complex structural features in the UCRB is
the Paradox Basin (fig. 5), an area characterized by northwest-
trending anticlines, synclines, and high-angle faults. The
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FIGURE 5.—Geologic section showing deformational styles in the Paradox Basin, Colo. Modified from Baars (1983, p. 73); location of
section shown on plate 2.

anticlines were formed by the mobilization and intrusion of salt
in the Hermosa Formation as thousands of feet of Cutler For-
mation sediments were being eroded from the rising Un-
compahgre Plateau (Baars, 1983, p. 59-78). Consequently,
deformation decreases in intensity away from the Uncompah-
gre Plateau as the thickness of the Cutler Formation decreases
(Kelley, 1958, p. 31). The salt-cored anticlines are arranged en
echelon into five systems (pl. 1). At the crests of the anticlines
are grabens that formed by the collapse of the salt cores and
overlying sediments in response to salt solution (Shoemaker
and others, 1958). The collapse breccia, known locally as cap
rock, floors prominent flat-bottomed valleys sparsely covered
with Quaternary alluvium.

Thrust faults border the west and south sides of most up-
lifted areas in the Southern and Middle Rocky Mountains

and Wyoming Basin provinces. Thrust faults bordering the
Wind River, Gros Ventre, Uinta, and Elk Mountains, the
Front and Park Ranges, the Sierra Madre, the White River
Plateau, and the Rock Springs and Rawlins Uplifts can have
as much as 40,000 ft of stratigraphic displacement (see sec-
tions A-A’, B-B’, and C-C’, pl. 2). Paleozoic and Mesozoic
rocks in the lower plate of the Wind River Fault (section A-
A’, pl. 2) may extend to the crest of the Wind River Moun-
tains beneath outcropping Precambrian rocks. Similarly,
Paleozoic rocks in the lower plate of the Uinta-Sparks Fault
(pl. 1) extend beneath the Precambrian (Proterozoic) Uinta
Mountain Group on the north flank of the eastern Uinta
Mountains (fig. 6).

In contrast to these “thick-skinned” thrusts, thrust faults in
the Overthrust Belt typically do not extend into the
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Precambrian basement (see section A~A’, pl. 2). Detachment
typically occurs within Cambrian shale and carbonate layers
but also occurs within Triassic, Jurassic, and Cretaceous shale
layers (Royse and others, 1975, p. 44). Stratigraphic throw on
each of the major thrust faults is about 20,000 ft (Armstrong
and Oriel, 1965, p. 1857), but numerous imbricate thrust
faults with smaller throw are present in the hanging walls of
the major thrusts (see, for example, Royse and others, 1975,
pls. 1 and 2). From west to east, the major thrust faults in
Wyoming are the Tunp, Absaroka, Darby-Hogsback, and
Jackson-Prospect; in Utah, the leading edge of the Overthrust
Belt is marked by the Charleston Thrust Fault (pl. 1). Asym-
metric folds and Basin and Range-style, high-angle, normal
faults occur in the hanging walls of the major thrusts (Black-
stone, 1977, p. 374-375). Typical of these younger faults is
the Hoback Fault bordering the west side of the Hoback
Range (pl. 1).

Large parts of the UCRB contain no visible faults of ap-
preciable length. Small outcrops of lower and middle Pale-
ozoic rocks in the Green River Basin northwest of Pinedale,
Wyo. (pl. 2), may be the remnants of a gravity-slide block
from the Wind River Mountains to the east. Other than this
structure and small faults concentrated around the crests of
intervening arches, few large faults are known in the Green
River, Great Divide, Washakie, Sand Wash, Piceance, and
Uinta Basins. Similarly, much of the area between the San
Rafael Swell and Circle Cliffs Uplift on the west and the
Paradox Basin on the east virtually is free of faults.

Notable exceptions are the Needles Fault Zone (which con-
trols the course of the Colorado River through the area),
grabens bordering the Abajo Mountains Dome, and a zone
of north-trending faults between the Colorado and San Juan
Rivers in the southwestern part of the Monument Upwarp.

STRATIGRAPHY OF PALEOZOIC
HYDROGEOLOGIC UNITS AND
RELATED ROCKS

Eleven hydrogeologic units consisting of Paleozoic rocks
have been designated in the study area. In this section of
the report, lateral variations in stratigraphic nomenclature,
thickness, and lithology within each hydrogeologic unit are
discussed in detail. Contacts between geologic units at the
tops and bottoms of the hydrogeologic units also are dis-
cussed, in order to show how the hydrogeologic units re-
late to each other. Paleontologic discussion is minimized in
keeping with the hydrogeologic emphasis of the UCRB-
RASA; for more thorough discussions of the paleontology,
numerous references are given throughout the remainder of
the report. Hydrogeologic units from the Flathead aquifer
to the Madison aquifer (table 1) are considered to transmit
ground water as a composite aquifer system, the Four Cor-
ners aquifer system. Substantial discussion of this aquifer
system is contained in Professional Paper 1411-B (Geldon,
in press).
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FLATHEAD AQUIFER

The Flathead aquifer (pl. 6) is composed of beach and littoral
sediments deposited during the initial advance of the Paleozoic
seas across the region (Kent, 1972; Lochman-Balk, 1972).
Component geologic units include the Flathead Sandstone,
lower part of the Lodore Formation, Sawatch Quartzite, Igna-
cio Quartzite, Tapeats Sandstone, Tintic Quartzite, and un-
named equivalents (table 1 and pl. 5). These formations
become progressively younger from west to east across the re-
gion in the direction of marine advance (fig. 7). On the western
side of the region, the component formations are Lower to Mid-
dle Cambrian (Noble, 1922, p. 38-39; Foster, 1947, p. 1548;
Anderman, 1956, p. 50; Baker, 1976); on the eastern side, com-
ponent formations are Middle to Upper Cambrian (Thomas,
1951, p. 32-33; Baars, 1958, p. 95-97; Keefer and Van Lieu,
1966, p. 14-15; Tweto and Lovering, 1977, p. 15).

The Flathead aquifer thickens toward depositional centers in
the Uinta Basin, Overthrust Belt, southwestern Colorado, and
northeastern Arizona (pl. 6). Its maximum thickness within the
UCRB currently is estimated from borehole data to be about
800 ft. However, measured sections in the Wasatch Range,
18—27 mi west of the UCRB (Baker and Crittenden, 1961; Bak-
er, 1973) indicate that the Flathead aquifer may be as much as
1,200—1,300 ft thick in Wyoming. Thinned by erosion or non-
deposition, the aquifer is missing in the center and on the north
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flank of the Uinta Mountains, east of the Sand Wash and Eagle
Basins, in the Uncompahgre Plateau and southern Piceance
Basin, and in much of the Defiance Plateau and Four Corners
area. The aquifer is at or near the surface of the flanks of
uplifted areas, but it typically is 7,000—34,000 ft deep in struc-
tural basins (pl. 7).

COMPONENT GEOLOGIC UNITS

The Flathead aquifer in southwestern Wyoming consists of
the Flathead Sandstone. In the Gros Ventre Range, the Flat-
head Sandstone is composed of white, gray, tan, and maroon,
fine- to medium-grained, crossbedded sandstone and quartzite
with a basal interval of quartz-pebble conglomerate and part-
ings of green, micaceous shale in upper layers (Foster, 1947,
p. 1544; Simons and others, 1988, p. 8). Similarly, the Flat-
head Sandstone in the Wind River Mountains consists of pink,
reddish-brown, tan, and gray laminated, fine- to coarse-
grained sandstone overlying an arkosic-pebble conglomer-
ate. Most of the sandstone layers in the Wind River Moun-
tains are quartzitic, some are glauconitic or hematitic, and
upper layers contain partings of green and grayish-green, mi-
caceous shale (Keefer and Van Lieu, 1966, p. 14-15). In the
Rawlins area, the Flathead Sandstone (fig. 8) consists of a
basal interval of arkosic conglomerate, a middle interval of
light-gray and pink quartzitic sandstone, and an upper interval
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of red and purplish-gray, friable to quartzitic, medium-grained
sandstone (Berry, 1960, p. 70-71).

Similar to the Flathead Sandstone, the Lodore Formation at
Cross Mountain consists of white, orange, and yellow quartz-
ite, quartzitic sandstone, and glauconitic sandstone with shale
partings near the top (Wilson, 1957). To the west, in Dinosaur
National Monument, this sandstone interval grades into gray,
pale-green, and pink, medium- to coarse-grained, pebbly sand-
stone overlain by an interval predominantly consisting of shale
(Hansen and others, 1983). Both the sandstone and shale inter-
vals are included in the Lodore Formation, despite their con-
trasting lithologies (Untermann and Untermann, 1954).
Because the upper (shaly) interval contains an Upper Cambrian
fauna, the entire Lodore Formation traditionally has been con-
sidered Upper Cambrian. However, the lower and thicker
(sandy) part of the formation is unfossiliferous, and its age re-
alistically cannot be established unequivocally. In this report,
the upper (shaly) part of the Lodore Formation is considered to
be equivalent to the Gros Ventre Formation, on the basis of
both lithology and fossils, and is included with the Gros Ventre
Formation in the Gros Ventre confining unit. The lower
(sandy) part of the Lodore Formation, on the basis of lithology
and stratigraphic position, is inferred to be correlative with the
Middle Cambrian Flathead Sandstone to the north and the Up-
per Cambrian Sawatch Quartzite to the south and is believed to
be intermediate in age between these two formations. On the
basis of this interpretation, the lower part of the Lodore Forma-
tion is included with the Flathead Sandstone and Sawatch
Quartzite in the Flathead aquifer.

From the western Uinta Mountains south to the vicinity of
Lake Powell, beds equivalent to the Flathead Sandstone are
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FIGURE 8.—Cambrian Flathead Sandstone at
Rawlins, Wyo.

assigned to the Tintic Quartzite. In the Duchesne River and
Lake Fork drainages of the western Uinta Mountains, the Tintic
Quartzite (referred to as the Pine Valley Quartzite by Huddle
and McCann, 1947b, and Huddle and others, 1951) consists of
light-yellowish-brown conglomeratic sandstone overlain by
massively bedded, greenish-gray sandstone (fig. 9). The sand-
stone layers can be calcareous, quartzitic, or arkosic, and thin
to thick intervals of shale are present. In the Wasatch Range
and northwestern Uinta Basin, the Tintic Quartzite consists of
white, tan, and pink, fine- to medium-grained quartzite with
pebbly to conglomeratic layers near the base and interbedded
green shale near the top (Baker and Crittenden, 1961; Baker,
1973). Similarly, the Tintic Quartzite penetrated by boreholes
in southeastern Utah consists of massively bedded, white,
green, pink, and maroon, fine- to medium-grained, locally
glauconitic sandstone with feldspathic, coarse-grained sand-
stone and conglomerate in the lower 50-70 ft and interbeds of
green and red, micaceous shale in the upper part of the forma-
tion (Cooper, 1960, p. 69).

In the Piceance Basin, White River Plateau, and mountain-
ous areas of northwestern Colorado, the equivalent of the Flat-
head Sandstone and Tintic Quartzite is called the Sawatch
Quartzite. The Sawatch Quartzite in the southern White River
Plateau (Hallgarth, 1959; Bass and Northrop, 1963) consists of
light-gray, brown, and locally lavender dolomitic quartzite,
quartzitic sandstone, and sandstone in beds 2-5 ft thick, with
scattered layers of brown and gray dolomite and sandy dolo-
mite and partings of light-greenish-gray shale (fig. 10). Atthe
base is a 1- to 2-ft-thick layer of conglomeratic quartzite. A 75-
ft-thick layer of dark-brown, thin-bedded glauconitic and sandy
dolomite occurs 65—-100 ft below the top of the formation. This
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dolomitic zone persists into the northern Sawatch Range,
where it is manifested as interlayered brown dolomitic sand-
stone and sandy dolomite (Tweto and Lovering, 1977, p. 15—
19). Above and below the dolomitic zone in the northern Sa-
watch Range, the Sawatch Quartzite consists mostly of white,
vitreous quartzite (Bryant, 1979, p. 14). In the Crested Butte
area of the Elk Mountains, the Sawatch Quartzite consists of
white and brown, medium- to coarse-grained sandstone; pink,
red, and green, glauconitic sandstone; and white quartzite, with
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FIGURE 9.—Cambrian Tintic Quartzite at
the base of a cliff on the west side of
the Duchesne River, western Uinta
Mountains, Utah.

FIGURE 10.—Cambrian Sawatch Quartzite
in Glenwood Canyon, Colo.

a thin basal conglomerate (Mallory, 1957). In the McCoy area,
at the southern end of the Park Range, the Sawatch Quartzite
consists of light-gray and white, quartz-pebble conglomerate
and friable sandstone, with thin layers of micaceous shale near
the top of the formation (Donner, 1949, p. 1218-1221).

In most of southwestern Colorado, the lateral equivalent of
the Sawatch Quartzite is the Ignacio Quartzite. In the San Juan
Mountains, the Ignacio Quartzite consists of massively bedded,
pink and reddish quartzite overlain by white, friable to
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quartzitic sandstone and quartzite with shale partings (fig. 11).
A basal conglomerate or conglomeratic sandstone is present
locally (Baars and Knight, 1957, p. 114; Baars and others,
1987, p. 345).

In the southeastern corner of Utah and in northeastern Arizo-
na, the Ignacio Quartzite grades into beds equivalent to the
Tapeats Sandstone of the Grand Canyon area. As described by
Noble (1922, p. 37-39), the Tapeats Sandstone in the Grand
Canyon predominantly consists of chocolate-brown, medium-
to coarse-grained sandstone (fig. 2), but the top of the forma-
tion is a thin interval of white crossbedded sandstone with
green shale layers. Thin shale layers also occur from the
middle to the top of the brown sandstone sequence, and lenses
of quartz-pebble conglomerate occur throughout the formation.
At the base of the formation is an arkosic conglomerate
containing quartz pebbles and fragments of Precambrian rocks.
Throughout the Grand Canyon area, the Tapeats Sandstone
varies irregularly from friable to quartzitic.

CONTACTS

Formations comprising the Flathead aquifer overlie Precam-
brian igneous, metamorphic, and sedimentary rocks uncon-
formably throughout the study area. This unconformity is
revealed in the Uinta Mountains only by the eastward trunca-
tion of the Red Pine Shale (Kinney, 1955, p. 23-24). In most
areas, however, the Precambrian rocks are truncated noticeably
by the erosional surface on which the Paleozoic rocks were
deposited (Baars, 1958, p. 93; Keefer and Van Lieu, 1966, p.
14-15; Irwin and others, 1971, p. 5-6; Tweto and Lovering,
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1977, p. 15; Hansen, 1986a, fig. 11). In southwestern
Colorado, angular discordance between Precambrian and Pale-
ozoic sedimentary rocks reaches extreme development and is
as much as 70°-90° (Baars, 1958, p. 93). Relief on the erosion-
al surface is barely detectable in most areas, but in the Wind
River Mountains and Sawatch Range, 25-60 ft of irregularity
has been observed (Richmond, 1945; Tweto, 1949, p. 160-
161). In the Grand Canyon, the Precambrian terrain has a relief
of as much as 900 ft, and the Tapeats Sandstone was not depos-
ited where fault-block hills of Precambrian rocks stood as is-
lands in the Cambrian sea (McKee, 1969, p. 42).

In contrast to the base of the Flathead aquifer, upper surfaces
of component formations generally are conformable with or
gradational into overlying Paleozoic formations, although
unconformities are present locally. For example, the Flathead
Sandstone is conformably overlain by the Gros Ventre Forma-
tion at the northwestern end of the Wind River Mountains and
grades into the Gros Ventre Formation and Gallatin Limestone
at the southeastern end of this range, but the Flathead Sand-
stone has been truncated by pre-Mississippian erosion south-
east of the Rawlins Uplift (fig. 12). Similarly, the upper part of
the Lodore Formation in the Uinta Mountains grades northward
into rocks equivalent to the Gros Ventre Formation and west-
ward into the Ophir Shale. However, the Lodore Formation is
overlain unconformably by Mississippian rocks at the south-
eastern end of the Uinta Mountains (Kinney, 1955, p. 23-24)
and has been eroded completely from the north flank of this
range and from small areas on the south flank of the range
(Huddle and others, 1951; Hansen, 1965b, p. 38). At the
northeastern end of the Sawatch Range, the contact between the
Sawatch Quartzite and Peerless Formation generally is

FIGURE 11.—Cambrian Ignacio Quartzite
at Coalbank Pass in the San Juan
Mountains, Colo.
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gradational, but in the Gore Range, both units have been trun-
cated by pre-Pennsylvanian erosion (Donner, 1949, p. 1221;
Singewald, 1951, p. 11). The Sawatch Quartzite is overlain un-
conformably by the Manitou Dolomite in the southern Sawatch
Range (Dings and Robinson, 1957, p. 11). The Ignacio Quartz-
ite grades westward into the Bright Angel Shale (fig. 13), but
locally it has been truncated or removed by pre-Devonian ero-
sion (Loleit, 1963, p. 27-29: Baars and others, 1987, p. 345).
Contacts between the Tapeats Sandstone and equivalent strata
and the Bright Angel Shale and equivalent strata from the

Grand Canyon to the San Juan River are transitional (Irwin and
others, 1971, p. 5-6). The Tintic Quartzite conformably is
overlain by the Ophir Shale (Cooper, 1960, p. 69).

GROS VENTRE CONFINING UNIT

Shaly sediments deposited seaward of Cambrian shorelines
and on top of beach and littoral sands as the sea transgressed
make up the Gros Ventre confining unit (pl. 8). Component
geologic units include the Gros Ventre Formation, the upper
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(predominantly shaly) part of the Lodore Formation, the Bright
Angel Shale, the Ophir Shale (Formation), and unnamed equiv-
alents (table 1 and pl. 5). These geologic units decrease in age
from Early and Middle Cambrian on the western side of the
area to Late Cambrian on the eastern side (Huddle and others,
1951; Untermann and Untermann, 1954, p. 25; Baker and Crit-
tenden, 1961; Middleton and others, 1980; Baars, 1983, p. 51;
Love and others, 1993).

Becoming thicker toward depositional centers in the greater
Green River, Paradox, and Kaiparowits Basins in the UCRB
and the Wasatch Range west of the UCRB, the Gros Ventre
confining unit reaches a maximum thickness of about 1,100 ft
in the UCRB (pl. 8). Because of erosion or nondeposition, the
confining unit is not present in the central third of the study
area.

COMPONENT GEOLOGIC UNITS

In Wyoming, the Gros Ventre confining unit consists of
the Gros Ventre Formation (fig. 14). In the northwestern cor-
ner of the study area, the Gros Ventre Formation is separable
into three members, which in ascending order are the Wolsey
Shale, Death Canyon Limestone, and Park Shale Members
(Middleton and others, 1980). The Wolsey Shale Member in
the Snake River Range of the Overthrust Belt consists of in-
terbedded olive-gray to light-gray, fissile, micaceous shale
and flat-pebble-limestone conglomerate (Wanless and others,
1955, p. 12). Eastward, the Wolsey Shale Member contains
less limestone and more sandstone, and in the Gros Ventre
Range and northwestern Wind River Mountains, it consists of
interbedded greenish-gray, tan, and pink micaceous, sandy
shale and glauconitic, hematitic, and quartzitic sandstone
(Foster, 1947, p. 1540-1548; Keefer and Van Lieu, 1966, p.

Al9

15-16). The Death Canyon Limestone Member in the Over-
thrust Belt and Gros Ventre Range consists of thinly to
massively bedded, gray to bluish-gray, tan, and brown, crys-
talline limestone and dolomitic limestone with interbeds of
oolitic limestone, limestone breccia and conglomerate, and
green shale (Wanless and others, 1955, p. 13; Oriel, 1969, p.
6; Simons and others, 1988, p. 8). Eastward, in the north-
western Wind River Mountains, the Death Canyon Limestone
Member consists of thinly bedded, gray, crystalline limestone
underlain by limestone and shale (Keefer and Van Lieu,
1966, p. 16). The Park Shale Member in the Overthrust Belt,
Gros Ventre Range, and northwestern Wind River Mountains
consists of fissile, grayish-green, micaceous, glauconitic
shale with scattered interbeds of shaly sandstone, platy lime-
stone, and flat-pebble-limestone conglomerate (Wanless and
others, 1955, p. 13; Keefer and Van Lieu, 1966, p. 16; Oriel,
1969, p. 6).

As the Gros Ventre Formation grades laterally into the Flat-
head Sandstone, Sawatch Quartzite, and Lodore Formation
eastward and southward from the Wind River Mountains, the
number of sandstone layers increases, the number of carbon-
ate and shale layers decreases, and the Gros Ventre Formation
loses its tripartite identity. At the southeastern end of the
Wind River Mountains, the Gros Ventre Formation consists
of interbedded shale and sandstone with numerous thin layers
of limestone and flat-pebble-limestone conglomerate in the
upper half of the formation (Keefer and Van Lieu, 1966, p.
17). In the Rawlins area, the Gros Ventre Formation (locally
called the Buck Springs Formation) consists of interbedded
red and grayish-green sandy shale, siltstone, and glauconitic,
micaceous sandstone (uppermost Cambrian rocks described
by Berry, 1960, p. 70-71).

FiGURE 14.—Cambrian Gros Ventre
Formation in the channel of Clear
Creek, a tributary of the Green River
near the northwestern end of the Wind
River Mountains, Wyo.
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In the southeastern Uinta Mountains, the upper (shaly) part
of the Lodore Formation is very similar in lithology to the Gros
Ventre Formation of the Rawlins area. In Dinosaur National
Monument, the upper part of the Lodore Formation (fig. 4)
consists of pink, tan, and greenish-gray, glauconitic shale that
is interbedded with tan to pale-green glauconitic sandstone and
overlain by ledge-forming, light-brown to greenish-gray
sandstone (Hansen and others, 1983).

The equivalent of the Gros Ventre Formation from the south-
western Uinta Mountains to the vicinity of Lake Powell in
southeastern Utah is the Ophir Shale. Outcrops are rare in the
Uinta Mountains because of pre-Mississippian erosion, but a
110-ft-thick sequence of interbedded shale and glauconitic
sandstone described by Huddle and others (1951) in the Moon
Lake area between rocks that they called Pine Valley Quartzite
and Upper Cambrian(?) limestone (interpreted in this report to
be the Tintic Quartzite and Maxfield Limestone), probably is
the Ophir Shale. In the Wasatch Range west of the Uinta Basin
(14-26 mi west of the divide separating streams draining into
the UCRB from those draining into the Basin and Range
province), outcrops of the Ophir Shale (locally called Ophir
Formation) consist of olive-green, micaceous shale overlain, in
turn, by gray limestone and dolomite, and olive-green to brown
sandstone and shale (Baker and Crittenden, 1961; Baker,
1964). Consistent with outcrops in the Wasatch Range, the
Ophir Shale in boreholes within the UCRB consists of grayish-
green and red shale and sandy shale with numerous interbeds
of beige and red, commonly glauconitic limestone and sand-
stone (Cooper, 1960, p. 69-73).

Considering lateral facies variations, there is no lithological
basis for distinguishing the Bright Angel Shale from the Ophir
Shale, and the names are applied loosely among geologists
working in southeastern Utah and southwestern Colorado

(Baars, 1958, p. 97). The distinction between the Bright Angel -

Shale and unnamed equivalent strata in southeastern Utah and
southwestern Colorado and the Ophir Shale in this report arbi-
trarily is made along an axis of thinning that extends in a curve
from the Uncompahgre Plateau of southwestern Colorado to
the Fish Lake Plateau of southeastern Utah. Where the Bright
Angel Shale crops out in the Grand Canyon (fig. 2), the forma-
tion consists of thinly bedded, green and tan, micaceous shale
and sandstone with scattered layers of brown limestone and
dolomite and green and reddish-purple crossbedded, glauconit-
ic sandstone (Noble, 1922, p. 39-42).

UPPER CONTACTS

Contacts between formations comprising the Gros Ventre
confining unit and overlying Cambrian and Mississippian for-
mations vary from gradational to unconformable. From the
Overthrust Belt to the eastern Wind River Mountains, the Gros
Ventre Formation is overlain unconformably by the Gallatin
Limestone of Cambrian age (Foster, 1947, p. 1547; Keefer and
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Van Lieu, 1966, p. 18). At the eastern end of the Wind River
Mountains, however, the Gros Ventre Formation grades into
the Gallatin Limestone (fig. 12). East and south of the Wind
River Mountains, the Gros Ventre Formation has been truncat-
ed by pre-Mississippian erosion and is overlain unconformably
by the Madison Limestone of Mississippian age. This uncon-
formity at the southeastern end of the Uinta Mountains is indi-
cated only by a westward thinning of the Lodore Formation
(Kinney, 1955, p. 22-23). The contact between the Ophir
Shale (Formation) and Maxfield Limestone is gradational
where it can be observed in the Wasatch Range (Baker and
Crittenden, 1961; Baker, 1964). Locally, in the Wasatch Range
and Uinta Mountains, the Maxfield Limestone has been
removed by erosion, and the Ophir Shale is overlain uncon-
formably by Mississippian rocks. In the subsurface of south-
eastern Utah, the Ophir Shale is overlain conformably by the
Maxfield Limestone (Cooper, 1960). In the Grand Canyon and
areas to east, the Bright Angel Shale and equivalent strata grade
upward and laterally into the Muav Limestone and equivalent
strata (fig. 13).

BIGHORN AQUIFER

The Bighorn aquifer (pl. 9) consists of carbonate rocks de-
posited at the peak of the first Paleozoic marine transgression
and the erosional remnants of a second Paleozoic marine incur-
sion (Foster, 1972; Kent, 1972; Lochman-Balk, 1972). Com-
ponent geologic units deposited during the initial transgression
include the Gallatin Limestone, Dotsero Formation, Peerless
Formation, Muav Limestone and equivalents, Maxfield Lime-
stone, Lynch Dolomite, and Manitou Dolomite (table 1 and pl.
5). On the basis of faunal evidence, these formations are con-
sidered to be mostly Middle to Upper Cambrian (Bass and
Northrop, 1963, p. 10; Baker, 1972; Middleton and others,
1980; Baars, 1983, p. 51), but the Lynch Dolomite could be Up-
per Cambrian and Lower Ordovician (Clark, 1963, p. 62-63),
and the Manitou Dolomite is Lower Ordovician (Bass and
Northrop, 1963, p. 16-17). The spatial distribution of these for-
mations indicates either progressive onlap or pre-Mississippian
erosion from west to east across the area.

Component geologic units deposited during the second
marine incursion include the Harding Sandstone, Fremont
Limestone, and Bighom Dolomite (table 1). The Harding
Sandstone and the Lander Sandstone Member of the Bighorn
Dolomite, which represent the beach and littoral deposits of the
second marine advance, are preserved in isolated areas at the
southeastern end of the Wind River Mountains in Wyoming
and in the Sawatch Range and Elk Mountains in Colorado
(Foster, 1972, p. 85; Ross and Tweto, 1980). The Fremont
Limestone is preserved only at the southern end of the Sawatch
Range and in the Elk Mountains (Ross and Tweto, 1980). The
main body of the Bighorn Dolomite is preserved north and
west of the Rock Springs Uplift in Wyoming (Foster, 1972).
On the basis of faunal evidence, the erosional remnants of the
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second marine advance generally are considered to be Middle
and Upper Ordovician (Dings and Robinson, 1957, p. 13;
Keefer and Van Lieu, 1966, p. 23-25). However, the existence
of Silurian carbonate xenoliths in diatremes on the Colorado-
Wyoming border (Ross and Tweto, 1980, p. 52-53) and the
prevailing carbonate lithology of Silurian deposits near the
study area (Kent, 1972, p. 57) indicate that the second marine
advance persisted until the Silurian in the area of the UCRB.
The uppermost part of the Bighorn Dolomite, the Leigh
Dolomite Member contains a fauna that could be interpreted as
Early Silurian (Wanless and others, 1955, p. 15-16).

The Bighorn aquifer generally thickens from east to west
across the study area, but a slight reversal of this trend occurs
in the Sawatch Range and vicinity because of the presence of
remnant Ordovician rocks. Thicknesses on the western side of
the area range from 1,200 to 3,000 ft; the maximum thickness
on the eastern side is about 400 ft. Whether thinned by erosion
or nondeposition, the geologic units that comprise the Bighorn
aquifer are missing in the central part of the UCRB and along
most of its eastern edge. The aquifer is at or near land surface
on the flanks of uplifted areas, but it typically is 5,000-34,000
ft deep in structural basins. The top of the Bighorn aquifer is
less than 1,500 ft above the Flathead aquifer in most areas (see
pl. 7 for depths to the top of the Flathead aquifer). However,
the Bighorn aquifer is as much as 2,500 ft above the Flathead
aquifer in the Green River Basin and in the Overthrust Belt of
southwestern Wyoming and is as much as 4,000 ft above the
lower aquifer in the Henry Mountains Basin and High Plateaus
region of southeastern Utah.

COMPONENT GEOLOGIC UNITS OF CAMBRIAN AGE

Cambrian rocks included in the Bighom aquifer in south-
western Wyoming are assigned to the Gallatin Limestone,
which also is known as the Boysen Formation (Foster, 1947).
In the Gros Ventre Range and Overthrust Belt, the Gallatin
Limestone consists of thin- to medium-bedded, gray, bluish-
gray, and brown-mottled, finely to coarsely crystalline lime-
stone and dolomitic limestone with interbeds of sandy, oolitic,
and bioclastic limestone, limestone conglomerate, and green
shale (Foster, 1947, p. 1540-1548; Wanless and others, 1955,
p- 14; Oriel, 1969, p. 7; Rubey and others, 1975, p. 3). At the
northwestern end of the Wind River Mountains, the Gallatin
Limestone is divisible into three members (Middleton and oth-
ers, 1980), which in ascending order include the Du Noir Lime-
stone Member, Dry Creek Shale Member (of Shaw, 1957), and
Open Dcor Limestone Member. The Du Noir Limestone
Member consists of thinly bedded, gray, very glauconitic and
oolitic limestone with some layers of flat-pebble conglomerate.
The Dry Creek Shale Member consists of greenish-gray shale
with minor interbeds of gray limestone. The Open Door
Limestone Member, which comprises most of the formation,
consists of thinly to massively bedded, gray limestone with a
few layers of flat-pebble conglomerate and irregular patches of
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granular limestone. Southeast of the Wind River Mountains, at
Crooks Gap, the Gallatin Limestone has been reduced by pre-
Mississippian erosion to a thin interval of purple, sandy lime-
stone (Thomas, 1951, p. 32). Nineteen miles southeast of this
outcrop, in the Lost Soldier oil field, the Gallatin Limestone is
missing (Barlow, 1951).

Equivalents of the Gallatin Limestone in northwestern Col-
orado include the laterally gradational Dotsero Formation
(fig. 15) and Peerless Formation. Both of these formations
are characterized by major changes in lithology within short
distances. At the southern end of the Axial Basin Arch, for
example, the Dotsero Formation varies from predominantly
pink and brown glauconitic dolomite to varicolored glauco-
nitic and quartzitic sandstone, shale, and oolitic dolomite
within a horizontal distance of about 18 mi (American Strati-
graphic Co., unpublished drilling logs). At the southeastern
end of the White River Plateau, the Dotsero Formation
consists of thinly bedded, tan and gray, glauconitic dolomite
and flat-pebble-limestone conglomerate with interbeds of
greenish-gray shale and a capping layer of algal limestone

FIGURE 15.—Cambrian Dotsero Formation overlain by Ordovician Manitou
Dolomite in Glenwood Canyon, Colo.
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(Bass and Northrop, 1963, p. 10). Toward the Sawatch
Range, the algal limestone bed pinches out, and the Dotsero
Formation grades into the Peerless Formation (Gerhard,
1972, p. 6). On the west side of the Sawatch Range, the
Peerless Formation consists of grayish-orange dolomitic
sandstone and sandy dolomite and red, ochre, and gray shale,
with a few beds of flat-pebble conglomerate (Bryant, 1979, p.
14-15). On the east side of the Sawatch Range, the Peerless
Formation can be nearly all sandstone, shale, or dolomite but
commonly consists of tan, maroon, and green sandy dolo-
mite, flat-pebble conglomerate, dolomitic sandstone, and
shale (Tweto, 1949, p. 161-165; Tweto and Lovering, 1977,
p- 19). On the east side of the Gore Range, the Peerless For-
mation in ascending order consists of thinly to massively
bedded, purple and black pebbly quartzite; brown-weathering
dolomite; thinly bedded, green shale with interbedded dolo-
mite; and thinly bedded, olive-green and brown dolomite
with interbedded green shale (Singewald, 1951, p. 9).

Outcrops in the Wasatch Range described by Baker and Crit-
tenden (1961) and Baker (1972, 1973) indicate that the Gallatin
Limestone extends continuously into southeastern Utah west of
an area of pre-Mississippian erosion. In the Wasatch Range,
however, strata equivalent to the Gallatin Limestone are as-
signed to the Maxfield Limestone. The thickness of the
Maxfield Limestone varies substantially within short distances
because of the pre-Mississippian erosion, and locally the for-
mation has been removed entirely. Fairly complete sections
consist of thinly to massively bedded, gray, yellow, and brown,
mottled limestone with oolitic or pisolitic beds near the base
overlain by massively bedded, medium-gray to nearly white
dolomite. On the southwestern side of the Uinta Mountains,
light-gray and brown limestone mapped by Huddle and others
(1951) as Upper Cambrian(?) limestone is interpreted in this re-
port to be an erosional remnant of the Maxfield Limestone. In
southeastern Utah, northwest of an axis of thinning that extends
from the vicinity of Lake Powell to the Uncompahgre Plateau,
the Maxfield Limestone (locally called Bowman-Hartman
Limestone) in boreholes consists of massively bedded, gray
and tan, commonly glauconitic, fine-grained, sucrose, oolitic or
stromatolitic limestone with thin to thick intervals of white, tan,
and brown dolomite and thin interbeds of green, gray, and
black shale (Cooper, 1960, p. 73).

Overlying the Maxfield Limestone in boreholes in southeast-
ern Utah, predominantly dolomitic strata, probably equivalent
to the upper dolomite interval of the Maxfield Limestone in the
Wasatch Range, generally have been assigned to the Lynch Do-
lomite (Hintze, 1973). The Lynch Dolomite in southeastern
Utah (Cooper, 1960, p. 73) predominantly consists of massive-
ly bedded, gray, brown, and beige, fine-grained, crystalline,
sucrose, oolitic, stromatolitic, and cherty dolomite with
intervals of grayish-green, micaceous shale, sandstone, and
limestone. The nondolomitic beds are most abundant toward
the base and eastern margin, where the Lynch Dolomite grades
into the Maxfield Limestone and Ophir Shale.
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South and east of the limits of Maxfield-Lynch terminology,
equivalent strata are assigned to the Muav Limestone or are
unnamed. The Muav Limestone crops out in canyons of the
Colorado and Little Colorado Rivers south of Lees Ferry, Ariz.
McKee and Resser (1945) divided the Muav Limestone in the
Grand Canyon (fig. 2) into seven members overlain by dolo-
mite. The five lowest members pinch out eastward and become
carbonate tongues in the Bright Angel Shale. Noble (1922)
considered the Muav Limestone in the Grand Canyon to be di-
visible into four informal stratigraphic units, which in ascend-
ing order consist of (1) thinly bedded, gray and buff, mottled,
oolitic limestone interlayered with intraformational conglom-
erate; (2) thinly bedded, mottled limestone, intraformational
conglomerate, micaceous to calcareous sandstone, and shale;
(3) crystalline limestone and dolomite with intraformational
conglomerate; and (4) massively bedded, vuggy dolomite.
Eastward, in Arizona, Utah, and Colorado, unnamed beds
equivalent to the Muav Limestone become increasingly shaly,
as they grade into beds equivalent to the Bright Angel Shale
(fig. 13).

As designated in this report, the Lynch Dolomite and beds
equivalent to the Muav Limestone incorporate most of the
rocks assigned to the Aneth Formation by Knight and Cooper
(1955) in the Four Corners area. The Aneth Formation consists
of brown, gray, and green, shaly, glauconitic, and oolitic dolo-
mite with black shale interbeds that are particularly abundant in
the upper part of the formation. On the basis of fish plates
found in the Shell 1-Bluff well (SLD 39-23-32abb), Knight and
Cooper (1955) assigned the Aneth Formation to the Devonian
System. However, Clark (1963, p. 62-63) indicated that the
Aneth Formation in other wells also contains Cambrian and Or-
dovician trilobite, brachiopod, and conodont fossils. The age
of the Aneth Formation, therefore, is questionable. For the
Aneth Formation to exist as a separate, lithologically and
paleontologically distinct formation requires an abrupt scour-
ing of lithologically similar Cambrian carbonate rocks. (See,
for example, Parker and Roberts, 1963, p. 42.) Such profound
erosion is unlikely to have occurred in the relatively stable
tectonic setting of the Four Corners area. More likely, as
suggested by Clark (1963, p. 64), most of the so-called Aneth
Formation is a lateral facies equivalent of the Lynch Dolomite
and Muav Limestone. Assuming that the fish plates in the Shell
1-Bluff well were identified correctly, some or all of the beds
designated as Aneth Formation in this well probably represent
a basal facies of the Devonian Elbert Formation that may not
extend far beyond the vicinity of the well.

COMPONENT GEOLOGIC UNITS OF ORDOVICIAN AGE

In southwestern Wyoming, the entire Ordovician sequence
is assigned to the Bighom Dolomite (fig. 16). In this area, the
Bighorn Dolomite is divisible into three members: the Lander
Sandstone Member, the unnamed middle member (most of the
formation), and the Leigh Dolomite Member. The Lander
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Sandstone Member occurs in lenticular bodies less than 5 ft

thick at the southeastern end of the Wind River Mountains
(Keefer and Van Lieu, 1966, p. 22). It is a tan and gray, fine-
to coarse-grained sandstone that contains fragments of
Cambrian carbonate rocks. The unnamed middle member of
the Bighorn Dolomite, as described by Foster (1947, p. 1548—
1549) in the Gros Ventre Range, by Oriel (1969, p. 7) in the
Overthrust Belt, and by Keefer and Van Lieu (1966, p. 22) in
the Wind River Mountains, is a massively bedded, beige and
light-gray mottled, granular dolomite that is about 300-1,000
ft thick. The Leigh Dolomite Member, varying from O to 85 ft
thick, consists of very thin bedded (flaggy), white, light-gray,
and pink, fine-grained dolomite (Foster, 1947, p. 1549; Keefer
and Van Lieu, 1966, p. 22).

In northwestern Colorado, the Ordovician sequence in
ascending order consists of the Manitou Dolomite, the Harding
Sandstone, and the Fremont Limestone. The Harding Sand-
stone is the lateral equivalent of the Lander Sandstone Member
of the Bighorn Dolomite; the Fremont Limestone is the lateral
equivalent of the unnamed middle member of the Bighorn
Dolomite. The Manitou Dolomite generally is the only
Ordovician formation present. However, erosional remnants
of the Harding Sandstone and Fremont Limestone occur in the
southern Elk Mountains, and the Harding - Sandstone
constitutes the entire Ordovician sequence between the
Sawatch and Gore Ranges.

The Manitou Dolomite predominantly consists of dolo-
mite but varies in texture and bedding characteristics from
area to area. In Glenwood Canyon on the southeastern side
of the White River Plateau, the formation (fig. 15) is divisible
into a lower member consisting of gray, thin-bedded,
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FiGure 16.—Ordovician Bighorn Dolomite
(cliff-forming unit) in the Salt River
Range of the Overthrust Belt in
Wyoming. The thickness, here, has
been doubled by imbricate thrust
fauits.

limestone-pebble conglomerate, brown limestone and dolo-
mite, and greenish-gray, limy shale, and an upper member
consisting of brown, thin-bedded, siliceous dolomite (Bass
and Northrop, 1963, p. 14). In the southern Sawatch Range
and Elk Mountains, the Manitou Dolomite consists of pre-
dominantly gray, thin- to medium-bedded, fine-grained to
crystalline dolomite with stringers and nodules of chert and
interbeds of pink shale (Dings and Robinson, 1957, p. 11;
Mallory, 1957; Gerhard, 1972, p. 8; Bryant, 1979, p. 15). In
the Gore Range, the Manitou Dolomite consists of white and
bluish-gray crystalline dolomite with siliceous layers (Singe-
wald, 1951, p. 9).

The Harding Sandstone is less than 10 ft thick in most plac-
es where it is present. Variations in texture are best observed
in two places where the Harding Sandstone is about 40 feet
thick. In the Minturn area, at the northeastern end of the Sa-
watch Range, the Harding Sandstone consists of lenticular
masses of white quartzite overlain by thin-bedded green and
maroon sandstone, quartzite, and conglomerate with shale in-
terbeds (Tweto and Lovering, 1977, p. 21-22). In the
Garfield area, at the southern end of the Sawatch Range, the
Harding Sandstone characteristically consists of white, bluish-
gray, and black quartzite (Dings and Robinson, 1957, p. 12).

The Fremont Limestone is present only in the southern Elk
Mountains and Sawatch Range. In the Crested Butte area, at
the southern end of the Elk Mountains, the Fremont Lime-
stone consists of massively bedded, gray and brown, fine-
grained dolomite (Mallory, 1957). In the Garfield area, at the
southern end of the Sawatch Range, the Fremont Limestone
consists of massively bedded, bluish-gray crystalline dolomite
(Dings and Robinson, 1957, p. 13).
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CONTACTS

Contacts between Cambrian and Ordovician formations,
between Ordovician formations, and between Ordovician and
younger formations generally are unconformable. In south-
western Wyoming, for example, the Bighorn Dolomite uncon-
formably overlies the Gallatin Limestone and underlies the
Devonian Darby Formation from the Snake River Range to the
southern Wind River Mountains. The pre-Ordovician erosion-
al surface has relief ranging from 100 ft in the northwestern
Wind River Mountains to 3 ft in the southeastern part of this
range (Keefer and Van Lieu, 1966, p. 20), and, locally, the
Lander Sandstone Member of the Bighorn Dolomite fills chan-
nels cut into this surface. The pre-Devonian erosional surface
has a relief of as much as 20 ft; breccia and sandstone deposits
at the base of the Devonian Darby Formation fill channels cut
into this surface (Keefer and Van Lieu, 1966, p. 23-28). From
the southern end of the Wind River Mountains to the area west
of Rawlins, pre-Mississippian erosion has removed rocks from
Devonian to Cambrian age; in this area, the Mississippian
Madison Limestone from west to east successively truncates
the Darby Formation, Bighorn Dolomite, and Gallatin Lime-
stone (fig. 12).

In northwestern Colorado, contacts between the Dotsero
and Peerless Formations of Cambrian age and the Manitou
Dolomite of Ordovician age generally are gradational (Ger-
hard, 1972, p. 10-11). However, because the Ordovician for-
mations are erosional remnants, the Manitou Dolomite does
not overlie the Dotsero and Peerless Formations wherever
they occur. Where the Manitou Dolomite is missing, the Or-
dovician Harding Sandstone, Devonian Parting Formation, or
Devonian to Mississippian(?) Dyer Dolomite may overlie the
Dotsero and Peerless Formations. The Ordovician Manitou
Dolomite, Harding Sandstone, and Fremont Limestone are
separated from each other and from Devonian rocks by re-
gional unconformities (Tweto and Lovering, 1977, p. 21-22).

In southwestern Colorado, southeastern Utah, and north-
eastern Arizona, major erosional unconformities separate
Cambrian carbonate formations from Devonian and Missis-
sippian rocks. Throughout most of its areal extent, the
Maxfield Limestone-Lynch Dolomite sequence is overlain
unconformably by the Elbert Formation (Cooper, 1960, p.
73). However, in the Wasatch Range and Uinta Mountains
bordering the western Uinta Basin, the Lynch Dolomite and
Maxfield Limestone successively have been truncated by pre-
Mississippian erosion and are overlain unconformably by
Mississippian formations (Huddle and others, 1951; Baker
and Crittenden, 1961; Baker, 1973). The Muav Limestone
and unnamed equivalent strata to the east are overlain uncon-
formably by the Devonian Temple Butte and Elbert Forma-
tions, although where observed in the Grand Canyon, the
unconformity generally parallels bedding (Irwin and others,
1971, p. D).
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ELBERT-PARTING CONFINING UNIT

The Elbert-Parting confining unit (pl. 10) is composed of the
lithologically diverse initial deposits of a third Paleozoic
marine transgression (Baars, 1972; Kent, 1972). Component
geologic units include the Darby, Parting, and Elbert Forma-
tions and the Cottonwood Canyon Member of the Madison and
Lodgepole Limestones (table 1 and pl. 5). The Temple Butte
Formation of the Grand Canyon area grades into the Elbert
Formation along an indefinite boundary at or near the south-
western edge of the UCRB. Paleontological data indicate that
most of the component formations are Upper Devonian (Bass
and Northrop, 1963, p. 20-21; Benson, 1966; Keefer and Van
Lieu, 1966, p. 27; Baars and others, 1987, p. 346). However,
channel deposits at the base of the Darby Formation in the
Wind River Mountains contain Early Devonian fish remains,
and the upper part of the Cottonwood Canyon Member
contains Early Mississippian conodonts (Sando, 1979, p. 5).

Formations comprising the Elbert-Parting confining unit
apparently were deposited in three basins, which are separated
by areas where the formations are thin to absent (pl. 10). In
Wyoming, the Darby Formation and Cottonwood Canyon
Member thicken westward from zero on the Rock Springs
Uplift to about 1,100 ft in the Overthrust Belt. The thickness
of the Parting Formation in northwestern Colorado and the
Uinta Basin increases from zero to more than 150 ft toward the
center of its depositional basin. The thickness of the Elbert and
Temple Butte Formations in southwestern Colorado, southeast-
ern Utah, and northeastern Arizona increases from zero at the
edges of the Uncompahgre Plateau, San Juan Mountains, San
Juan Basin, and Grand Canyon area to more than 300 ft in the
High Plateaus region and more than 400 ft in the Black Mesa
Basin. The Elbert-Parting confining unit is missing in
Wyoming east of the Rock Springs Uplift; in the Uinta Moun-
tains and most of the Uinta Basin; in northwestern Colorado
north of the Yampa River, south of the Piceance Basin and Elk
Mountains, and east of the Sawatch and Gore Ranges; in the
Uncompahgre and Gunnison Plateaus; and in parts of the San
Juan Mountains and Four Corners Platform. Thickness and
lithofacies patterns indicate that geologic units that comprise
the Elbert-Parting confining unit were eroded from the centers
of the White River Plateau and Sawatch Range but did not
extend much beyond present limits in other areas.

COMPONENT GEOLOGIC UNITS

Rocks comprising the Elbert-Parting confining unit in
Wyoming are assigned mostly to the Darby Formation, which
has extremely variable lithology. However, despite the lateral
discontinuity of individual layers, the formation as a whole
becomes increasingly more clastic eastward across its area of
extent.

In the Overthrust Belt and Gros Ventre Range, the Darby
Formation (fig. 17) is divisible into three units, which Benson
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FIGURE 17.—Devonian and Mississippian Darby Formation and Mississippian
Lodgepole Limestone on the upthrown side of the Hoback Fault, at the
juncture of the Gros Ventre and Hoback Ranges in Hoback Canyon, Wyo.

(1966) considered equivalent to the lower member and Bird-
bear Member of the Jefferson Formation and the Three Forks
Formation. The lowest unit consists of dark-brownish-gray,
fine- to medium-crystalline and sucrose, petroliferous dolomite
and limestone with interbedded light-gray to white sandstone
and siltstone, green and red claystone and mudstone, and,
locally, minor solution breccia or anhydrite. The middle unit
consists of massively bedded, brownish-gray, finely crystalline
dolomite. The upper unit consists of thinly bedded, green,
gray, brown, and red, dolomitic shale, shaly dolomite, solution
breccia, and anhydrite overlain by gray, shaly to silty, fine-
grained dolomite.

To the east, at the northwestern end of the Wind River
Mountains, the Darby Formation chiefly consists of
varicolored dolomite and limestone overlain by gray and tan
cherty dolomite and grayish-green shale (Richmond, 1945).
Sandstone layers progressively increase in abundance south-
ward in the Wind River Mountains (Keefer and Van Lieu,
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1966, pl. 2) and predominate on the western flank of the Rock
Springs Uplift.

Overlying the Darby Formation west of the Rock Springs
Uplift is a thin (0—80 ft thick) unit, which is assigned to the
Cottonwood Canyon Member of the Lodgepole Limestone in
the Overthrust Belt and western Gros Ventre Range and to the
Cottonwood Canyon Member of the Madison Limestone else-
where (Sando, 1979). According to Benson (1966, p. 2599),
this unit consists of dark-gray, carbonaceous shale, yellow-
brown, silty, crinoidal dolomite and, locally, a basal layer of
pebbly sandstone or siltstone.

In northwestern Colorado and the Uinta Basin of Utah, the
Parting Formation makes up the Elbert-Parting confining unit.
The Parting Formation, like the Darby Formation, exhibits
major changes in lithology over short distances (Campbell,
1972, p. 56). In the southern Sawatch Range, for example, the
Parting Formation consists mostly of gray dolomite with sand-
stone and sandy limestone interbeds overlying varicolored
shale and limestone (Dings and Robinson, 1957, p. 14). On the
northwest side of the Sawatch Range, the Parting Formation
consists of tan and white, poorly sorted quartzite with greenish-
gray sandstone and shale interbeds and a thin basal layer of
green clay-shale (Tweto and Lovering, 1977, p. 24-26). In
Glenwood Canyon west of the Sawatch Range, the Parting
Formation (fig. 18) consists of interbedded light-green, mica-
ceous shale and sandstone, black shale and dolomite, and tan
quartzite (Bass and Northrop, 1963, p. 19-20). In the Wilson
Creek oil field, on the Axial Basin Arch, the Parting Formation
consists of dolomite with interbeds of red and green shale
(Ross, 1986, p. 99). Extreme lithologic variability from out-
crop to outcrop is characteristic of the Parting Formation, but
regionally, clastic layers decrease and carbonate layers increase
from the edges to the center of the depositional basin.

In southwestern Colorado, southeastern Utah, and northeast-
ern Arizona, the Elbert Formation comprises the Elbert-Parting
confining unit. The Elbert Formation, like other components of
this hydrogeologic unit, is lithologically diverse. On the flanks
of the San Juan Mountains, the Elbert Formation (fig. 3) pre-
dominantly consists of green, red, and purple shale with inter-
bedded limestone, dolomite, and quartzite (Baars and Knight,
1957, p. 118; Baars and others, 1987, p. 346). At the south-
western edge of the study area, the Elbert Formation consists
almost entirely of dolomite and limestone. Throughout most of
the region, though, the Elbert Formation contains a basal sand-
stone interval, a middle carbonate interval, and an upper shale
interval.

The basal sandstone interval extends discontinuously from
the Defiance Plateau to the Uncompahgre Plateau and from the
San Juan Mountains to the area west of the Colorado and Green
Rivers (fig. 19). It ranges from less than 5 to about 125 ft thick
and consists predominantly of white, light-gray, and red, poor-
ly sorted, commonly glauconitic sandstone and quartzite with
minor interbeds of shale, limestone, and dolomite. This inter-
val commonly is called the McCracken Sandstone Member of
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FIGURE 18.—Devonian Parting Formation in fault contact with Ordovician Manitou Dolomite in Glenwood Canyon at Glenwood Springs, Colo.

the Elbert Formation (Knight and Cooper, 1955). However,
this name often has been applied inappropriately to the first
thick sequence of sandstone or quartzite penetrated by drilling
and can include considerable thicknesses of underlying carbon-
ate rocks and shale (see, for example, Parker and Roberts,
1963, p. 40).

The middle carbonate interval comprises most of the Elbert
Formation. As described by Cooper (1960, p. 76), this interval
consists of thin-bedded, very fine grained to sucrose, locally
anhydritic dolomite with thin interbeds of grayish-green, waxy
shale, red, clayey shale, and sandstone. The sandstone beds
increase in abundance downward in the interval.

From the San Juan Mountains to nearly the western edge of
the UCRB, the Elbert Formation is capped by a shale interval
(fig. 19) that ranges from less than 5 to 30 ft thick. The shale
most typically is waxy green. However, the green layers
locally are interbedded with purple or red layers. The shale
locally contains discontinuous interbeds of dolomite. Where
the shale interval is absent, the contact between the Elbert
Formation and the overlying Ouray Limestone is difficult to
distinguish.

CONTACTS

A major regional unconformity separates formations in the
Elbert-Parting confining unit from underlying formations. The
Darby, Parting, Elbert, and Temple Butte Formations rest on
formations ranging in age from Precambrian to Ordovician.

Geologic units comprising the Elbert-Parting confining unit
are overlain conformably in most areas by Devonian and
Mississippian rocks. In northwestern Colorado, the Parting
Formation is overlain conformably to transitionally by the
Upper Devonian to Mississippian(?) Dyer Dolomite (Tweto
and Lovering, 1977, p. 27). Similarly, the Elbert Formation in
southwestern Colorado, southeastern Utah, and northeastern
Arizona is overlain conformably to gradationally by the Upper
Devonian Ouray Limestone (Baars and others, 1987, p. 346).
However, the Temple Butte Limestone in the Grand Canyon is
overlain unconformably by the Mississippian Redwall

Limestone (Beus and Lucchita, 1987, p. 7), and the Darby
Formation and Cottonwood Canyon Member of the Madison
and Lodgepole Limestones in Wyoming are overlain uncon-
formably by other members of the Madison and Lodgepole
Limestones (Wanless and others, 1955, p. 19; Keefer and Van
Lieu, 1966, pl. 2).

MADISON AQUIFER

The Madison aquifer of the Northern Great Plains (Downey,
1984) extends into the UCRB, where it is divisible vertically
into two zones with different lithologic and hydrologic
properties. The lower zone, which consists almost entirely of
limestone and dolomite, is named the Redwall-Leadville zone
in this report, after the principal component geologic units in
Arizona, Colorado, and Utah. The upper zone, which consists
of interbedded carbonate rocks, sandstone, shale, solution
breccia, and gypsum, is named the Darwin-Humbug zone in
this report, after the two geologic units that comprise most of
the interval. As shown on plate 7, the Madison aquifer is at or
near land surface on the flanks of uplifted areas, but it typically
is 5,000 to 32,000 ft deep in structural basins.

REDWALL-LEADVILLE ZONE

The Redwall-Leadville zone of the Madison aquifer (pl. 11)
consists almost entirely of limestone and dolomite deposited
during the maximum extent of the third Paleozoic marine trans-
gression (Craig, 1972; Kent, 1972). Component geologic units
include the Dyer Dolomite, Ouray Limestone, Gilman Sand-
stone, Leadville Limestone, and Redwall Limestone; the Mis-
sion Canyon Limestone below the lowest evaporite zone of
Sando (1977); and the main bodies of the Lodgepole and Mad-
ison Limestones (table 1 and pl. 5). All the carbonate forma-
tions are so similar in lithology that they probably represent a
single depositional history. In an attempt to establish limits for
these geologic units on the basis of criteria other than stateline
preference, some geologic units were delineated on the basis of
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FIGURE 19.—Extent of lithologic subdivisions of the Elbert Formation in the Upper Colorado River Basin. The middle
carbonate interval extends to the boundaries of the Elbert Formation. The basal sandstone and upper shale intervals
do not extend throughout the area where the Elbert Formation is present; boundaries of these intervals are as shown.

lithologic changes. For example, the boundary between the
Leadville and Redwall Limestones along the Colorado-Utah
border was established at the change from randomly cherty
limestone and dolomite on the east to a four-fold sequence of
cherty, oolitic, or anhydritic limestone and dolomite alternating
with generally nondescript limestone and dolomite on the west.
The eastern facies was assigned to the Leadville Limestone; the
western facies to the Redwall Limestone. The boundary
between the two formations undulates about the State line,
broaching areas previously assigned exclusively to one
formation or the other. All other Mississippian geologic units
were delimited along axes of thickening or thinning, presum-
ably coincident with changes in the depositional setting.
Devonian formations were delimited on the basis of overlying
Mississippian formations.

Some established geologic names were not used in this
report because no consistent lithological, paleontological, or
inferred paleodepositional criteria could be identified for
delineating these geologic units. For example, the Madison
and Brazer Limestones in the Gros Ventre Range and
Wyoming part of the Overthrust Belt, as used by Wanless and
others (1955), are not distinguished readily by lithology (Wan-
less and others, 1955, p. 22). However, in the same area, the
names “Lodgepole Limestone” and “Mission Canyon Lime-
stone,” as used by Sando (1967, 1977, 1979) are applied con-
sistently. Consequently, the latter names are used in this report.

The Lodgepole and Mission Canyon Limestones also are
recognizable in the Utah part of the Overthrust Belt adjacent to
the UCRB (in the Wasatch Range) and in the western Uinta
Mountains. Howeuver, in the Utah part of the Overthrust Belt,
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the names “Fitchville Formation,” “Gardison Limestone,” and
“Deseret Limestone” are applied in ascending order to strata
equivalent to the Lodgepole and Mission Canyon Limestones
(see, for example, Baker, 1973). The Lodgepole and Mission
Canyon equivalents in the western Uinta Mountains, respec-
tively, have been called either “Madison Limestone” (Huddle
and others, 1951) or “Gardison Limestone” (Hintze, 1973) and
“Deseret Limestone” (Huddle and others, 1951; Hintze, 1973).
Within the Utah Salient of the Overthrust Belt in the UCRB and
adjacent areas of the Uinta Basin, either the Wyoming or Utah
nomenclature could be applied. In this report, the Fitchville-
Gardison-Deseret terminology is not used because it generally
has been applied outside the:UCRB, and if used in the UCRB,
would only pertain to a relatively small area. Exclusive of the
Uinta Mountains, the rocks in question simply are called
“Lodgepole and Mission Canyon equivalents.”

In the Uinta Mountains, the nomenclature of the Mississip-
pian rocks is complicated further because the names “Madison
Limestone” and “Deseret Limestone” have been extended
throughout the range, even though rocks equivalent to the
Mission Canyon Limestone are not present in the eastern part
of the range (Hansen, 1965a, p. 39). As a result, different litho-
logic criteria have been used to distinguish the Madison and
Deseret Limestones in different parts of the Uinta Mountains
(Huddie and McCann, 1947b; Untermann and Untermann,
1954). To simplify discussion, all Mississippian carbonates
below the Humbug Formation in the Uinta Mountains herein
are called “Madison Limestone,” even though it is recognized
that either the Lodgepole-Mission Canyon or Fitchville-
Gardison-Deseret terminology could be extended justifiably
into the western Uinta Mountains.

Ages of the geologic formations included in the Redwall-
Leadville zone are well established by abundant fossil
evidence. The Dyer Dolomite and Ouray Limestone are mostly
Upper Devonian, but upper layers contain Early Mississippian
(Kinderhookian) brachiopods, corals, and foraminifera (Baars
and Knight, 1957, p. 121; Bass and Northrop, 1963, p. 22-23;
Nadeau, 1972, p. 97-98; Tweto and Lovering, 1977, p. 28;
Baars and others, 1987, p. 346). On the basis of stratigraphic
position and brachiopods found in equivalent strata in the
Wasatch Range, Ferris Mountains, and Washakie Basin
(Thomas, 1951; Baker, 1973), the Gilman Sandstone and sand-
stone at the base of the Madison Limestone probably are Lower
Mississippian (Kinderhookian). The Leadville Limestone
(Armstrong and Mamet, 1976, p. 20), the main bodies of the
Madison and Lodgepole Limestones (Kinney, 1955, p. 30-31;
Sando, 1967, 1977, 1979), Lodgepole equivalents in the
Wasatch Range and western Uinta Basin (Baker, 1973), and the
Whitmore Wash and Thunder Springs Members of the Redwall
Limestone (McKee, 1979, p. 200-204) contain abundant
brachiopods, corals, and foraminifera, indicating that these
geologic units all are Lower Mississippian (Kinderhookian to
Osagean). Fossil evidence indicates that the part of the Mission
Canyon Limestone included in this hydrogeologic unit in the
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Overthrust Belt (Sando, 1979), the Mission Canyon equivalent
in the Wasatch Range and Uinta Basin (Baker, 1973), the upper
part of the Madison Limestone in the Uinta Mountains (Schell,
1969), and the Mooney Falls and Horseshoe Mesa Members of
the Redwall Limestone (McKee, 1979) are Lower to Upper
Mississippian (Osagean to Meramecian).

As a consequence of repeated marine incursions from the
west, an eastward-rising sea floor during deposition, and uplift
and erosion on the east as the Mississippian sea withdrew, the
Redwall-Leadville zone generally becomes thinner eastward.
The Redwall-Leadville zone decreases in thickness from a
range of 1,300 to 2,500 ft on the west side of the area to less
than 200 ft on the east side (pl. 11). Counter to this trend, how-
ever, the unit thins over the San Rafael Swell and Yampa Pla-
teau, possibly as a resuit of syndepositional uplift, and thickens
abruptly in a narrow belt extending northward from the Eagle
Basin of Colorado to the Great Divide Basin of Wyoming. This
thickening may be the result of either an anomalously high rate
of sediment accumulation in a tectonically subsiding trough or
the apparent result of post-depositional folding or faulting.

- Geologic units that comprise the Redwall-Leadville zone have

been eroded from the central Uinta Mountains, White River
Plateau, Sawatch Range, and San Juan Mountains and either
were eroded from or never deposited in the Uncompahgre,
Gunnison, and Defiance Plateaus, the Sneffels Horst, and the
area east of the Park and Gore Ranges.

COMPONENT GEOLOGIC UNITS

In the Overthrust Belt of Wyoming and western Gros Ventre
Range, the Redwall-Leadville zone of the Madison aquifer
consists of the Paine and Woodhurst Members of the Lodge-
pole Limestone (fig. 17) and the overlying Mission Canyon
Limestone below the lowermost evaporite zone identified by
Sando (1977) within the Mission Canyon Limestone. The
Lodgepole Limestone and the part of the Mission Canyon
Limestone that lies below the evaporite zones are about equally
thick. The Paine Member of the Lodgepole Limestone consists
of dark-gray, thinly bedded, silty and shaly, mostly fine
grained, locally cherty limestone. The overlying Woodhurst
Member consists of thinly bedded, dark-gray, alternately silty
and fine-grained or oolitic and crinoidal, fossiliferous lime-
stone (Sando, 1979, p. 5; Sando and Dutro, 1981). The Mission
Canyon Limestone below the evaporite zones consists of thick-
ly bedded, light-gray to bluish-gray, oolitic, crinoidal, crystal-
line limestone and thinly bedded, cherty, fine-grained dolomite
and dolomitic limestone (Sando, 1977, p. 176; 1979, p. 8-10;
Sando and Dutro, 1981).

According to Sando (1967, p. 532-533), changes in
mineralogical composition, texture, bedding character, and
marker beds prevent extending the stratigraphic nomenclature
of the Overthrust Belt beyond its eastern margin. Thus,
Mississippian carbonate rocks in Wyoming from the eastern
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FIGURE 20.—Depositional model for Mississippian carbonate formations in Wyoming. Modified from Rose (1977, fig. 5); arrows indicate direction in which
depositional environment of geologic unit progressed. The Darwin Sandstone is a member of the Amsden Formation.

Gros Ventre Range to the Rawlins Uplift and Sierra Madre are
assigned to the Madison Limestone. As interpreted by Rose
(1977), the Madison Limestone is a shallow-marine shelf de-
posit, and the Lodgepole Limestone is a shelf-margin deposit
(fig. 20). The Mission Canyon Limestone was deposited over
the former shelf margin as the sea withdrew at the end of
Osagean time.

In the eastern Gros Ventre Range and Wind River Moun-
tains, the Madison Limestone is divisible into six members
(Sando, 1977, 1979, 1982). The lowest member, the Devo-
nian and Lower Mississippian Cottonwood Canyon Member,
is similar in lithology to the Darby Formation and is included
with it in the Elbert-Parting confining unit. The uppermost
member, the Bull Ridge Member, is similar in lithology to
the Mission Canyon Limestone above the base of the evapor-
ite zones and is included with this interval in the Darwin-
Humbug zone of the Madison aquifer. The remaining mem-
bers of the Madison Limestone are the Little Bighorn and
Woodhurst Members (which are equivalent to the Lodgepole
Limestone), the Big Goose Member, and the Little Tongue
Member.

The Madison Limestone becomes increasingly more dolo-
mitic from northwest to southeast along the Wind River
Mountains as lower members pinch out and upper members
thin because of erosion (Sando, 1967, p. 533). The strati-
graphically lowest member in the Redwall-Leadville zone,
the Little Bighorn Member is 49-102 ft thick and consists
mostly of thickly bedded, crinoidal dolomite and dolomitic
limestone. The overlying Woodhurst Member, 195-335 ft
thick, consists mostly of thinly bedded, fine-grained to
crystalline, pelletal and oolitic limestone and dolomitic lime-
stone interbedded with dolomitic mudstone. Next in succes-
sion, the Big Goose Member is 210-328 ft thick and consists
mostly of thickly bedded, cherty, fine- to coarse-grained,

fossiliferous dolomite, dolomitic limestone, and subordinate
limestone; beds commonly are shattered and brecciated. The
uppermost member in the Redwall-Leadville zone, the Little
Tongue Member, is 119-239 ft thick; it consists mostly of
medium- to thick-bedded, cherty, fine- to coarse-grained, fos-
siliferous limestone and dolomite. An interval of solution
breccia overlain by shattered and brecciated beds generally is
present at the base of the Little Tongue Member but has been
removed by erosion in the southeastern Wind River Moun-
tains. Beds of red siltstone and sandstone are present in solu-
tion cavities throughout the Little Tongue Member.

From the southeastern Wind River Mountains east to the
Rawlins Uplift and Sierra Madre, the Woodhurst, Big Goose,
and Little Tongue Members make up most of the Madison
Limestone (see Sando, 1967, fig. 3; 1979, fig. 5, section A—
A"). In this area, the basal 5-35 feet of the Madison Lime-
stone consists of sandstone, siltstone, and conglomerate (Tho-
mas, 1951, p. 34; Keefer and Van Lieu, 1966, p. 33; Sando,
1967, p. 557; 1979, p. 12), that on the basis of sparse brachio-
pods may be equivalent to the Gilman Sandstone of Colorado,
a deposit of probable Early Mississippian age. Similar depos-
its of sandstone and conglomerate between rocks of definite
Cambrian and Madison lithologies in the western Uinta
Mountains (Huddle and McCann, 1947b; Huddle and others,
1951) also may be a Gilman Sandstone equivalent.

In the Wasatch Range and western Uinta Basin, the Lodge-
pole equivalent consists in ascending order of (1) few inches to
20 ft of gray to brown, pebbly sandstone and sandy dolomite;
(2) 100-260 ft of thinly to massively bedded, light- to dark-
gray, vuggy dolomite; and (3) 500-900 ft of thinly to massive-
ly bedded, medium- to dark-gray, cherty limestone and dolo-
mite that become more dolomitic toward the north, west, and
south (Baker and Crittenden, 1961; Baker, 1964, 1972, 1973).
The Mission Canyon equivalent consists of 375-585 ft of
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thickly to massively bedded, light- and dark-gray-banded,
fine- to coarse-grained, cherty limestone and dolomite (Baker
and Crittenden, 1961 ; Baker, 1964, 1972, 1973).

In general, the Madison Limestone of the Uinta Mountains
is very similar in lithology to Mississippian deposits in the
Overthrust Belt, Gros Ventre Range, and Wind River Moun-
tains. As shown by Rose (1977, fig. 8), equivalents of the
Lodgepole and Mission Canyon Limestones in the western
Uinta Mountains grade eastward into a sequence of typical ma-
rine-shelf lithology. In the western Uinta Mountains, the
Lodgepole equivalent (“the Madison or Gardison Limestone™)
consists predominantly of thinly bedded, dark-gray, fine-
grained to crystalline, cherty limestone and dolomitic lime-
stone with shale partings (Huddle and McCann, 1947b). The
lower Mission Canyon equivalent (“the Deseret Limestone”)
consists of thickly bedded, light- to dark-gray and brown, fine-
grained to crystalline, cherty limestone and dolomitic lime-
stone (Huddle and McCann, 1947b; Huddle and others, 1951).
In the eastern Uinta Mountains, the Madison Limestone (fig.
4) consists mostly of thickly to massively bedded, light- to
dark-gray and tan, fine- to medium-grained, sparsely fossilifer-
ous, locally dolomitic, and commonly cherty limestone (Kin-
ney, 1955, p. 26; Ritzma, 1959, p. 22; Hansen and others,
1983). Shaly carbonate beds near the base can be traced into
Colorado, where they are assigned to the Upper Devonian and
Lower Mississippian(?) Dyer Dolomite (Hallgarth, 1959).

In northwestern Colorado, the Dyer Dolomite, Gilman
Sandstone, and Leadville Limestone comprise the Redwall-
Leadville zone. In the White River Plateau and southeastern
Sawatch Range, the Dyer Dolomite consists mostly of gray,
fossiliferous limestone overlain by gray, fine-grained to finely
crystalline limestone and dolomite with shale interbeds and
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sparse chert (Dings and Robinson, 1957, p. 14; Bass and
Northrop, 1963, p. 21-22). To the east and north, limestone
layers become less numerous, and on the northeastern side of
the Sawatch Range, the Dyer Dolomite consists almost entirely
of dolomite (Campbell, 1972, p. 60; Tweto and Lovering,
1977, p. 27-28). Overlying the Dyer Dolomite in areas that
probably were above the sea intermittently or adjacent to land
masses at the time of deposition is the Gilman Sandstone (De
Voto, 1980a, p. 58). In the Sawatch Range, the Gilman Sand-
stone consists of yellow and light-gray, fine- to medium-
grained sandstone, sandy dolomite, and limestone-chert-sand-
stone breccia that, together, commonly are less than 25 ft thick
(Nadeau, 1972, p. 86; Tweto and Lovering, 1977, p. 29-30;
Bryant, 1979, p. 21). According to Bass and Northrop (1963,
p- 26-27) and Conley (1972, p. 107-108), a 15- to 30-ft-thick
interval at the base of the Leadville Limestone in the White
River Plateau that consists of sandy dolomite with local inter-
beds of dolomitic sandstone and chert breccia probably is
equivalent to the Gilman Sandstone. The Leadville Limestone
in northwestern Colorado (fig. 21) typically consists of thinly
bedded, medium- to dark-gray, fine- to medium-grained, local-
ly cherty limestone and dolomite overlain by thickly to mas-
sively bedded, light-gray and bluish-gray, finely to coarsely
crystalline, oolitic limestone (Dings and Robinson, 1957; Bass
and Northrop, 1963; Conley, 1972; Nadeau, 1972; Bryant,
1979; De Voto, 1980a). The upper facies forms about one-half
to two-thirds of the formation. At the northeastern end of the
Sawatch Range, the upper facies has been altered hydrother-
mally into vuggy, dark-gray and white banded or pearly-white
dolomite (Tweto and Lovering, 1977, p. 30-32).

In southwestern Colorado, southeastern Utah, and northeast-
ern Arizona, the equivalent of the Dyer Dolomite is the Ouray

FIGURE 21.—Cavernous Mississippian
Leadville Limestone in Glenwood
Canyon at Glenwood Springs, Colo.
Large thermal springs discharge from
the formation in this area.
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Limestone. This formation typically consists of gray, tan, or
beige, shaly or sandy limestone and dolomite with interbeds of
green and gray, waxy shale (Baars and Knight, 1957, p. 121;
Cooper, 1960, p. 76; Baars and others, 1987, p. 346). In most
areas, an interval of green or gray waxy shale as much as 15 ft
thick separates the Ouray Limestone from overlying Mississip-
pian rocks (Parker and Roberts, 1963, p. 41).

The Ouray Limestone is overlain in southwestern Colorado
by the Leadville Limestone and to the west, in Arizona and
Utah, by the Redwall Limestone. Consistent with its lithology
farther north, the Leadville Limestone, where it crops out in the
San Juan Mountains, consists of a thin interval of limestone and
dolomite overlain by massively bedded, oolitic, bioclastic,
crystalline limestone (Baars and Knight, 1957, p. 121; De Vo-
to, 1980a, p. 59-63; Baars and others, 1987, p. 346). In the sub-
surface of the Paradox Basin and Four Corners area, however,
the Leadville Limestone becomes increasingly more dolomitic
and cherty westward and grades into the Redwall Limestone.

In northeastern Arizona and southeastern Utah, the Redwall
Limestone (fig. 2) consists of four alternately transgressive and
regressive sequences, which McKee (1963, 1979) designated
the Whitmore Wash, Thunder Springs, Mooney Falls, and
Horseshoe Mesa Members. The Whitmore Wash Member con-
sists of thinly bedded, fine-grained dolomite and thickly bed-
ded, bioclastic, and oolitic limestone and dolomite. The
Thunder Springs Member consists of thin-bedded, fine-grained
dolomite, bioclastic and pelletal limestone, and bedded chert,
which locally is replaced by anhydrite. From south to north,
dolomite layers in the Thunder Springs Member increase in
abundance and gradually become the only carbonate rock type
present. The Mooney Falls Member, the thickest part of the
Redwall Limestone, consists of thickly to massively bedded,
locally cherty, limestone and dolomite layers that alternately
are fossiliferous, stromatolitic, oolitic, or fine grained. The up-
permost member, the Horseshoe Mesa Member, grades north-
westward from thinly bedded, commonly stromatolitic or
oolitic, fine-grained limestone to cherty dolomite.

CONTACTS

The Redwall-Leadville zone of the Madison aquifer overlies
rocks-of Precambrian to Late Devonian age (Mallory, 1979, p.
209). In southwestern Wyoming, Mississippian carbonate
rocks progressively overlie Devonian, Ordovician, Cambrian,
and Precambrian rocks from west to east (fig. 22). From the
Wasatch Range to the Duchesne River area of the western Uin-
ta Mountains, the Mississippian rocks cut progressively deeper
into the Cambrian depositional sequence (Huddle and McCann,
1947b; Baker, 1964, 1973). South and east of the Uinta Basin,
predominantly Upper Devonian carbonate rocks generally rest
on older Devonian carbonate and clastic rocks (Mallory, 1979,
pl. 2), indicating only a slight hiatus prior to deposition of rocks
that comprise the Redwall-Leadville zone.
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The predominantly Upper Devonian carbonate rocks are
overlain either by the Gilman Sandstone and basal sandstone
layers in the Madison Limestone or by Mississippian carbonate
rocks. The Gilman Sandstone unconformably overlies the
Dyer Dolomite in the vicinity of the Sawatch Range but discon-
formably overlies it to the west (Bass and Northrop, 1963, p.
26; Tweto and Lovering, 1977, p. 28; De Voto, 1980a, p. 61).
Where a basal sandstone is present in the Madison Limestone,
it generally rests unconformably on Cambrian rocks (Huddle
and others, 1951; Ritzma, 1951, p. 66). Where the Gilman
Sandstone has been removed by erosion, as in the southern Sa-
watch Range, the contact between the Dyer Dolomite and
Leadville Limestone is an unconformity with as much as 30 ft
of relief (Dings and Robinson, 1957, p. 15; Nadeau, 1972, p.
81). The Leadville Limestone unconformably overlies the
Ouray Limestone in the San Juan Mountains but grades into it
in the Paradox Basin to the west (De Voto, 1980a, p. 59-60).
The Redwall Limestone unconformably overlies the Ouray
Limestone in southeastern Utah (Cooper, 1960, p. 76) and the
Temple Butte Formation in the Grand Canyon area of north-
eastern Arizona (McKee, 1969, p. 44).

Within the Mississippian sequence, contacts between forma-
tions or members of formations generally are conformable or
disconformable (see, for example, McKee, 1979, p. 203).
However, the contact between the Gilman Sandstone and Lead-
ville Limestone is an unconformity (Tweto and Lovering,
1977, p. 28; De Voto, 1980a, p. 61).

The upper surface of the Redwall-Leadville zone is an un-
conformity that progressively truncates older rocks from west
to east across the region. North of the Uinta Mountains, from
the Overthrust Belt to the Rock Springs Uplift, the Upper Mis-
sissippian Darwin Sandstone Member of the Amsden Forma-
tion unconformably overlies a progressively thinner interval of
Upper Mississippian rocks at the top of the Mission Canyon
and the Madison Limestones; east of the Rock Springs Uplift,
the Darwin Sandstone Member rests on Lower Mississippian
layers in the Madison Limestone (Sando, 1967, fig. 3; 1979,
fig. 5). Similarly, from the Wasatch Range east to the eastern
Uinta Mountains, the Upper Mississippian Humbug Formation
rests on strata in the Deseret and Madison Limestones that pro-
gressively increase in age from Late to Early Mississippian.
South and east of the Uinta Mountains, an erosional surface
overlain by the Lower Pennsylvanian Molas Formation cuts
progressively deeper into the Redwall and Leadville Lime-
stones from west to east. The uppermost layers of the Redwall
Limestone, on the west, are Upper Mississippian, whereas the
uppermost layers of the Leadville Limestone, on the east, are
Lower Mississippian. In the eastern Gore Range and western
San Juan Mountains, the Molas Formation rests on Upper De-
vonian rocks. Thus, from west to east, formations forming the
top of the Redwall-Leadville zone increase in age from Late
Mississippian to Late Devonian. Coincident with deepening of
the erosional surface, relief on the surface increases from a few
feet in the western part of the region to more than 100 ft in the
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FIGURE 22.—Pre-Mississippian geology in Wyoming. Geologic units in contact with overlying Mississippian rocks are shown.

eastern part (Keefer and Van Lieu, 1966, p. 33; McKee, 1969,
p- 46; De Voto, 1980a, p. 68—69). Where the Mississippian
rocks have been deeply eroded, a rubble of carbonate blocks,
sand, and red clay and silt fills caverns and solution-widened
fractures as much as 100 ft below the erosional surface.

DARWIN-HUMBUG ZONE

The Darwin-Humbug zone of the Madison aquifer (pl. 12)
consists of carbonate and clastic rocks that accumulated at the
close of the Mississippian during the transition from a regress-
ing to a transgressing sea (Craig, 1972; Kent, 1972). Compo-
nent geologic units are characteristic of a fluctuating but
generally shallow marine environment (fig. 20). Component
geologic units include the Humbug Formation, the Bull Ridge
Member of the Madison Limestone, the Mission Canyon Lime-
stone above the base of the lowest evaporite zone (referred to

as the upper part of the Mission Canyon Limestone in this
report), and the Darwin Sandstone Member of the Amsden
Formation (table 1 and pl. 5). Paleontological data (Sando,
1979, p. 9-12) indicate that the upper part of the Mission Can-
yon Limestone and the Bull Ridge Member of the Madison
Limestone are Lower to Upper Mississippian (upper Osagean
to Meramecian). The Darwin Sandstone Member is unfossilif-
erous (Sando and others, 1975, p. 20), and the Humbug Forma-
tion contains poorly preserved, nondiagnostic fossils (Huddle
and McCann, 1947b; Kinney, 1955, p. 31; Schell, 1969, p.
145). Nevertheless, both the Darwin Sandstone Member and
the Humbug Formation are believed to be Upper Mississippian
(Meramecian to Chesterian) on the basis of their stratigraphic
position between datable formations (Sando and others, 1975,
p- 21; Mallory, 1979, p. 214-216).

The Darwin-Humbug zone is thin and has the most restricted
occurrence of the hydrogeologic units composed of Paleozoic
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rocks in the UCRB. The Darwin-Humbug zone occurs only in
and near the Great Divide Basin, the north flank of the Wind
River Mountains, the Gros Ventre Range, the Overthrust Belt,
the Uinta Mountains, and the Uinta Basin. The Darwin-Hum-
bug zone is less than 200 ft thick in the Wind River Mountains
and Great Divide Basin, but it is 500 to more than 700 ft thick
in depositional centers within the Gros Ventre Range and Over-
thrust Belt and nearly 800 ft thick in the western Uinta Moun-
tains and northwestern Uinta Basin. Lateral and vertical
gradation into the Madison Limestone and the lower part of the
Mission Canyon Limestone and erosion during Cretaceous and
Tertiary uplift of the Uinta Mountains limit the areal extent of
the Darwin-Humbug zone.

COMPONENT GEOLOGIC UNITS

In the Uinta Mountains and Uinta Basin, which take in most
of the extent of the Darwin-Humbug zone, rocks comprising
the hydrogeologic unit are assigned to the Humbug Formation.
The Humbug Formation in the eastern Uinta Mountains (fig. 4)
typically consists of interbedded limestone and sandstone with
some shale layers (see Untermann and Untermann, 1954, p.
30-31; Kinney, 1955, p. 28; Hansen, 1965b, p. 40; Hansen and
others, 1983). Sandstone layers characteristically are reddish
brown, tan, yellow, white, and gray, fine grained to medium
grained, and cemented by silica, calcite, or hematite. Lime-
stone layers are gray to bluish gray, fine grained, and common-
ly brecciated; locally they contain nodules and lenses of chert.
Shale layers are gray, red, and black; locally they are limy. In
the western Uinta Mountains, the Humbug Formation consists
of brecciated sandstone and limestone, with sandstone breccias
grading laterally into limestone breccias (Huddle and McCann,
1947b; Huddle and others, 1951). The sandstone breccias are
white and gray, fine grained, and cemented by calcite; lime-
stone breccias are light gray and brown, fine grained, and
sparsely cherty. In the Wasatch Range above and below the
Charleston Thrust Fault (the leading edge of the Overthrust
Belt) and, presumably, in the western Uinta Basin, the Humbug
Formation consists of light- to dark-gray, cherty limestone with
dolomitic layers interbedded with buff to gray, fine- to medi-
um-grained, limy to quartzitic sandstone (Baker and Crit-
tenden, 1961; Baker, 1964). In the southwestern Uinta Basin,
the Humbug Formation in boreholes consists of light-gray, tan,
and beige sandstone and limestone with some intervals of do-
lomite, dark-gray, green, tan, and red siltstone and sandstone,
and, locally, anhydrite. Anhydrite layers can comprise as much
as 11 percent of the formation. Throughout its area of occur-
rence, the Humbug Formation characteristically is thinly to
thickly bedded.

In southwestern Wyoming, the lower part of the Humbug
Formation grades laterally into either the upper part of the
Mission Canyon Limestone or the Bull Ridge Member of the
Madison Limestone (as used by Sando, 1977, 1979). Prior to
establishment of the Bull Ridge Member, strata included in this
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interval were variously assigned to the upper part of the Brazer
Limestone and lower part of the Amsden Formation (Foster,
1947), Sacajawea Formation (Branson and Branson, 1941),
Sacajawea Member of the Madison Limestone (Sando, 1967),
or upper member of the Madison Limestone (Keefer and Van
Lieu, 1966). The upper part of the Humbug Formation grades
laterally into the Darwin Sandstone Member of the Amsden
Formation (fig. 23).

The upper part of the Mission Canyon Limestone in the Salt
River Range, Wyoming Range, and western Gros Ventre
Range consists of limestone, dolomite, and solution breccia,
with interbeds of red shale in the upper part of the interval (Fos-
ter, 1947, p. 1556-1557; Wanless and others, 1955, p. 22-31;
Sando, 1977, p. 176). The limestone and dolomite generally
are gray and pink, fine grained to finely crystalline, and cherty.
The solution breccias are concentrated at the bottom and top of
the stratigraphic interval (Sando, 1977, pl. 1); they consist of
blocks and fragments of limestone and dolomite in a matrix of
sandstone and siltstone (see Sando and Dutro, 1981, Haystack
Peak section). The breccias apparently resulted from collapse
following dissolution of gypsum interbeds, which are pre-
served in Hoback Canyon at the northern end of the Hoback
Range. In the Hoback Canyon area, the upper part of the Mis-
sion Canyon Limestone contains a third solution breccia inter-
val and, atypically, numerous interbeds of red and green
gypsiferous shale (Wanless and others, 1955, p. 27-29; Sando,
1977, pl. 1).

East of the Overthrust Belt and western Gros Ventre Range,
the upper part of the Mission Canyon Limestone grades into
the Little Tongue and Bull Ridge Members of the Madison
Limestone (Sando, 1977, pl. 1). The contact between these
two members of the Madison Limestone was placed by Sando
(1977) at the base of the upper of two solution breccia inter-
vals, the lateral equivalent of the middle solution breccia in-
terval in the Mission Canyon Limestone. The Little Tongue
Member, a component geologic unit of the Redwall-Leadville
zone, was described previously. The Bull Ridge Member
consists of a basal solution breccia interval, a medial lime-
stone collapse breccia interval, and an upper interval of undis-
turbed limestone, dolomite, and siltstone (Sando, 1967, p.
539). The lower solution breccia interval consists of chaoti-
cally bedded, red and yellow mudstone, siltstone, and sand-
stone with angular fragments of limestone, dolomite, and
chert, that become progressively larger upward in the interval
(Sando, 1967, p. 538). In the collapse breccia interval, blocks
of fine-grained, bioclastic limestone tens of feet in diameter
and rotated only slightly out of original bedding attitude lie in
a matrix of Darwin-like sandstone (Sando, 1967, p. 539).
Above the collapse breccia interval, the carbonate rocks con-
sist of gray and tan, thin- to medium-bedded, fine-grained to
pelletal, locally stromatolitic or cherty limestone and dolomite
(Keefer and Van Lieu, 1966, p. 30; Sando, 1967, p. 539;
1979, p. 12). Throughout the Bull Ridge Member, sinkholes
and solution cavities filled with quartz sandstone and shale
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FIGURE 23.—Schematic section showing stratigraphic relations in the Darwin-Humbug zone of the Madison aquifer. Horizontal distance is about
200 miles.

related to deposition of the overlying Amsden Formation
occur (Sando, 1967, p. 539).

The Darwin Sandstone Member of the Amsden Formation,
in general, consists of thinly to massively bedded, gray, white,
beige, and red, fine- to medium-grained, quartz sandstone that
commonly is crossbedded (Sando and others, 1975, p. 20;
Maughan, 1979, p. 27). The rock is weakly to moderately well
cemented by calcite in most areas; locally, as in the Overthrust
Belt, it is quartzitic (Wanless and others, 1955, p. 32). Thin
interbeds of shale and.carbonate rocks are present locally.
Angular blocks and fragments of limestone occur in the sand-
stone above the contact with the Madison and Mission Canyon
Limestones in most places (Maughan, 1979, p. 27). Because
the Darwin Sandstone Member was deposited on a hummocky
karst surface, abrupt changes in thickness occur from place to
place (Mallory, 1967, p. 6). In some areas, the Darwin Sand-
stone Member is present only in caverns and sinkholes
(Mallory, 1967); in other areas, it is more than 300 ft thick.

CONTACTS

Geologic units that comprise the Darwin-Humbug zone of
the Madison aquifer grade down into the parts of the Madison
and Mission Canyon Limestones that are in the Redwall-
Leadville zone of the Madison aquifer. Geologic units in the

Darwin-Humbug zone are overlain conformably by the Dough-
nut Shale and the Horseshoe Shale Member of the Amsden
Formation of Mississippian and Pennsylvanian age (Huddle
and others, 1951; Baker and Crittenden, 1961; Keefer and Van
Lieu, 1966, pl. 2; Sando and others, 1975, p. 21). Internally, an
unconformity separates the Darwin Sandstone Member of the
Amsden Formation from the underlying Mission Canyon
Limestone (Wanless and others, 1955, p. 12) and Bull Ridge
Member of the Madison Limestone (Sando, 1967, fig. 3; Sando
and others, 1975, pl. 4). In the area of the Rawlins Uplift, be-
tween the southeastern end of the Wind River Mountains and
the northwestern end of the Sierra Madre, the Bull Ridge
Member has been removed entirely by erosion, and the Darwin
Sandstone Member of the Amsden Formation unconformably
overlies the Little Tongue Member of the Madison Limestone.
A disconformity near the top of the Humbug Formation noted
by Ritzma (1959, p. 23) may be the lateral continuation of the
pre-Darwin unconformity.

FOUR CORNERS CONFINING UNIT

A widespread confining unit in the UCRB separates the
Madison and underlying aquifers from Pennsylvanian and
Permian rocks that comprise the Canyonlands aquifer. This
confining unit is named the Four Corners confining unit in this
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report, as a symbol of its hydrologic importance in the four
States joined at the Four Corners—Arizona, Colorado, New
Mexico, and Utah. The Four Corners confining unit is divisible
vertically into two subunits with different lithologic and hydro-
logic properties. The lower subunit, which consists of shale
with subordinate carbonate rocks and relatively minor sand-
stone and gypsumy, is called the Belden-Molas subunit, after the
two formations that comprise the zone in northwestern
Colorado and typify the range in lithology within. The upper
subunit, which is characterized by thick deposits of gypsum,
anhydrite, and halite, is called the Paradox—Eagle Valley
subunit, after the two geologic units that contain most of the
evaporite deposits within the interval.

BELDEN-MOLAS SUBUNIT

The Belden-Molas subunit of the Four Comers confining
unit (pl. 13) consists of formations and members of formations
predominantly composed of black and red shale that were de-
posited on eroded Mississippian carbonate and clastic rocks, at
first subaerially and later subaqueously, as a fourth Paleozoic
sea advanced across the area (Kent, 1972; Mallory, 1972).
Component geologic units include the Horseshoe Shale
Member of the Amsden Formation, Doughnut Shale (Forma-
tion), Molas Formation, Belden Formation, lower member of
the Hermosa Formation (Pinkerton Trail Formation of
Wengerd and Strickland, 1954), Surprise Canyon Formation
(of Billingsley and Beus, 1985), and Watahomigi Formation
(table 1 and pl. 5). Because of lithologic similarity, component
geologic units are delimited primarily along axes of thinning
between depositional centers.

Although the name “Manning Canyon Shale” has been ap-
plied to rocks equivalent to the Doughnut Shale in the central
and western Uinta Mountains (Ritzma, 1959; Schell, 1969, p.
146), mapping in the Wasatch Range (Baker and Crittenden,
1961; Baker, 1964, 1972, 1973) indicates that the Manning
Canyon Shale is restricted to the upper plate of the Charleston
Thrust Fault, where it occurs between the Upper Mississippian
Great Blue Limestone and the Pennsylvanian and Permian
Oquirrh Formation. Recent drilling in the Wasatch Range just
west of the UCRB, at SLD 05-05-11bb, indicates that the Great
Blue Limestone and Manning Canyon Shale do not extend into
the UCRB (Bruce Bryant, U.S. Geological Survey, oral com-
mun., 1990). However, strata, equivalent in lithology and age
to the upper part of the Great Blue Limestone and the lower part
of the Manning Canyon Shale, extend beneath the thrust plate
from the Wasatch Range to the UCRB. In the Wasatch Range
the autochthonous rocks are called the “Doughnut Formation.”
Hence, the name “Doughnut Shale” is extended from the east-
ern Uinta Mountains, where Hansen and others (1983) used the
name unequivocally, into the remainder of the Uinta Mountains
and the Uinta Basin, and the name “Manning Canyon Shale” is
not used in the UCRB in this report.
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Abundant paleontological evidence (mainly brachiopods,
pelecypods, gastropods, corals, bryozoans, and foraminifera)
indicates that component formations become younger from
west to east across the area. Fossils collected in the Wasatch
Range and Uinta Mountains indicate that the lower part of the
Doughnut Shale is Upper Mississippian (Chesterian); the un-
fossiliferous upper part of this formation may be Lower Penn-
sylvanian (Huddle and others, 1951; Kinney, 1955, p. 35-36;
Ritzma, 1959, p. 23-25; Baker, 1964). The Horseshoe Shale
Member of the Amsden Formation decreases in age from Late
Mississippian to Early Pennsylvanian (Morrowan) eastward
across Wyoming (Sando and others, 1975, p. 24-25). In Colo-
rado, the Molas Formation is Upper Mississippian and Lower
Pennsylvanian (Chesterian to Morrowan) in the western part of
its depositional area and Lower to Middle Pennsylvanian (Mor-
rowan to Desmoinesian) in the eastern part (Wengerd, 1957, p.
135; Merrill and Winar, 1961, p. 87; Bass and Northrop, 1963,
p- 30; Tweto and Lovering, 1977, p. 33-35). Overlying the
Molas Formation, the Belden Formation in northwestern Colo-
rado is Lower Pennsylvanian (Morrowan) on the west and Mid-
dle Pennsylvanian (Atokan) on the east (Dings and Robinson,
1957, p. 17-18; Bass and Northrop, 1963, p. 40-41; Tweto and
Lovering, 1977, p. 35-38); the lower member of the Hermosa
Formation is Middle Pennsylvanian (Atokan and Desmoine-
sian) in southwestern Colorado (Wengerd, 1958, p. 118). The
Surprise Canyon and Watahomigi Formations in northeastern
Arizona comprise an Upper Mississippian to Middle Pennsyl-
vanian (Chesterian to Atokan) sequence (McKee, 1982, p. 37;
Billingsley and Beus, 1985, p. 31). The spatial distribution of
the formations that comprise the Belden-Molas subunit indi-
cates that the fourth Paleozoic sea encroached from the west in
Late Mississippian time and spread eastward during Early and
Middle Pennsylvanian time.

The Belden-Molas subunit thickens and thins erratically (pl.
13) as a result of irregularities in the depositional surface, lat-
eral gradation into other Mississippian and Pennsylvanian geo-
logical units, and, to some degree, erosion associated with
Pennsylvanian-Permian and Laramide uplifts. The Horseshoe
Shale Member of the Amsden Formation in Wyoming and the
Surprise Canyon and Watahomigi Formations in Arizona and
southeastern Utah generally are less than 200 ft thick. The
Doughnut Shale, although thinned locally by uplift of the Uin-
ta Mountains, Axial Basin Arch, and Rock Springs Uplift, gen-
erally thickens toward depositional centers in the Washakie
Basin and the Utah salient of the Overthrust Belt. The Dough-
nut Shale is more than 400 ft thick in its eastern depositional
center and 1,200-1,300 ft thick at the western edge of the
UCRB. In the southern UCRB, the Molas Formation and low-
er member of the Hermosa Formation thicken toward a trough
that meanders around the western edges of the Uncompahgre
Plateau and Paradox Basin. Maximum thicknesses in the cen-
ter of this trough generally are between 800 and 900 ft. How-
ever, the Belden Formation, where it crops out in northwestern
Colorado, can be as much as 1,000 ft thick (Bass and Northrop,
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1963, p. 31-34); in the subsurface, this formation is 1,000-
4,300 ft thick (the maximum known thickness occurs in the
American Quasar 1-9 Benton well, SC02-85-0966). The
Belden-Molas subunit is absent throughout most of Wyoming,
the central UCRB, and the eastern and western margins of the
UCRB.

COMPONENT GEOLOGIC UNITS

North of the Rock Springs Uplift in Wyoming, from the
Overthrust Belt to the Rawlins Uplift, rocks comprising the
Horseshoe Shale Member of the Amsden Formation are as-
signed to the Belden-Molas subunit. As described by Sando
and others (1975, p. 23-24), the Horseshoe Shale Member gen-
erally consists of fissile, red, gray, and purple sandy siltstone
and mudstone with thin beds of fine-grained calcareous sand-
stone and silty, sandy, or shaly limestone and dolomite. The
carbonate and sandstone layers locally exceed the shale layers
in abundance. According to Mallory (1967, p. 12-13), beds of
pisolitic hematite or hematitic bauxite as much as 3 ft thick
commonly occur in the lower part of the member.

From the vicinity of the Rawlins Uplift south to the Uinta
Basin, strata equivalent to the Horseshoe Shale Member are as-
signed to the Doughnut Shale (fig. 4). In general, the Doughnut
Shale of the eastern and central Uinta Mountains consists of red
shale and sandstone overlain by black to dark-gray ‘carbon-
aceous shale containing interbeds of greenish sandstone, green
and tan sandy limestone, black shaly limestone, and bituminous
coal (Untermann and Untermann, 1954; Kinney, 1955; Hansen,
1965b; Hansen and others, 1983). Similarly, in the western
Uinta Mountains, the Doughnut Shale in ascending order con-
sists of (1) red, purple, and maroon shale with some interbed-
ded limestone and quartzitic to pebbly sandstone; (2) fissile,
dark-gray to black shale with some interbedded limestone; and
(3) interbedded gray shale and limestone with minor sandstone
(Huddle and McCann, 1947a). Limestone layers increase west-
ward; the Doughnut Shale in the Wasatch Range and western
Uinta Basin consists of dark-gray to black shale with thin inter-
beds of rusty-weathering, gray, fine-grained, quartzitic sand-
stone and quartzite overlain by thinly bedded, black limestone
with shale interbeds (Baker and Crittenden, 1961; Baker,
1964). At the southwestern edge of the Uinta Basin, the
Doughnut Shale in ascending order generally consists of (1)
red, purple, and maroon mudstone and siltstone with limestone
interbeds; (2) dark-gray, black, and brown shale with interbed-
ded limestone and gray, brown, and white sandstone; and (3)
interbedded greenish-gray, gray, and black shale and limestone
with minor sandstone and coal.

At the southern edge of the Sand Wash Basin and the south-
ern and eastern edges of the Uinta Basin, the Doughnut Shale
grades into the Molas and Belden Formations (fig. 24). The
Molas Formation in northwestern Colorado typically is a dis-
continuous deposit of poorly stratified purplish-red and ochre-
colored claystone and siltstone containing nodules and boul-
ders of limestone and chert; thicknesses range from inches to
130 ft (Bass and Northrop, 1963, p. 30; De Voto and others,
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1986, p. 39). On the northeast flank of the Sawatch Range,
however, the Molas Formation has been altered to gray
carbonaceous shale and white conglomeratic sandstone (Tweto
and Lovering, 1977, p. 33). Similarly, the Molas Formation in
the Rico Mountains of southwestern Colorado (see pl. 1 for lo-
cation) is a pebbly quartzite, locally called the Larsen Quartzite
(McKnight, 1974, p. 13-16). Elsewhere in southwestern Col-
orado, the Molas Formation (fig. 25) consists of unstratified
fragments of limestone and chert in a matrix of red silt and clay
overlain by poorly to well-stratified red to varicolored shale
and limy shale with lenses and interbeds of sandstone and lime-
stone; the total thickness ranges from 0 to about 150 ft (Weng-
erd, 1957, p. 118; Merrill and Winar, 1961, p. 83-88; Baars and
others, 1987, p. 347). This characteristic lithology continues
throughout southeastern Utah and northeastern Arizona wher-
ever the Molas Formation is identifiable (see, for example,
Heyimun, 1958, p. 1789; Irwin and others, 1971, p. 20-21).

Overlying the Molas Formation in northwestern Colorado is
the Belden Formation. The Belden Formation (fig. 26), typi-
cally consists of fissile, black to dark-gray, micaceous mud-
stone and siltstone with interbedded limestone and doiomite
(Brill, 1944, p. 624-627; Bass and Northrop, 1963, p. 31-41;
Tweto and Lovering, 1977, p. 34-38). Carbonate layers exceed
shale layers toward the center of the Belden Formation’s depo-
sitional area (pl. 13). Gypsum and anhydrite generally are not
present, but they comprise 1-6 percent of the rocks in a north-
west-trending belt north of the White River Plateau and in the
vicinity of Ruedi Dam. Beds of gray, black, brown, and green,
micaceous sandstone and orange, arkosic conglomerate are
present, particularly around the margins of the depositional
area, where they comprise 10-30 percent of the formation.
Thickening of the Belden Formation in a belt trending north-
west from the vicinity of Eagle, Colo., to the Danforth Hills in
part is related to thick intervals of arkosic sandstone concen-
trated in the lower part of the formation. Characteristically, the
shale within this belt is maroon, red, and purple, as well as
black and gray. The sandstone and reddish shale are interpret-
ed to be pulses of terrigenous sediment eroded from the ances-
tral Front Range Uplift, to the north and east. The Molas and
Belden Formations in the vicinity of the Colorado-Utah State
line atypically consist entirely of red, maroon, and purple shale
with sandstone and carbonate interbeds that are interpreted to
be of mostly terrigenous or tidal-flat origin.

The Molas Formation in southwestern Colorado, southeast-
ern Utah, and northeastern Arizona, from the Uinta Basin to
the Kaibab Plateau, is overlain by the lower member of the
Hermosa Formation. The lower member of the Hermosa For-
mation generally consists of gray, crystalline to sandy, fossil-
iferous limestone interbedded with and underlain by
greenish-gray, dark-gray, and black shale (fig. 27); locally,
the unit contains interbeds of red shale, sandstone, or lime-
stone conglomerate (Wengerd, 1958, p. 115; Baars and
others, 1987, p. 347). Stratigraphic relations among Pennsyl-
vanian and Permian formations in southeastern Utah are
shown in figure 28.
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In the vicinity of the Marble Platform and Kaibab Plateau,
the Molas Formation and lower member of the Hermosa
Formation grade into the Surprise Canyon Formation and the
Watahomigi Formation of the Supai Group (fig. 2). The
Surprise Canyon Formation, which occurs as channel fillings
in the Redwall Limestone, consists of red-brown, brown, and
gray, medium- to coarse-grained sandstone, limestone-chert
conglomerate, coarse-grained limestone, and siltstone. The
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FIGURE 25.—Pennsylvanian Molas Forma-
tion at its type locality, Molas Lake, in
the San Juan Mountains, Colo.

FIGURE 26.—Pennsylvanian Belden Forma-
tion at Ruedi Reservoir on the Frying-
pan River southeast of Glenwood
Springs, Colo. The formation here
consists of shale with thin limestone
interbeds.

thickness of these rocks ranges from O to 80 ft in the eastern
Grand Canyon and Marble Canyon. The Watahomigi
Formation in Marble Canyon consists of red and reddish-
brown mudstone and siltstone with interbedded gray and red,
fine-grained, jasper-bearing limestone and dolomite and a
basal conglomerate interval. The basal conglomerate consists
of chert pebbles in a matrix of reddish-orange, very fine
grained sandstone or siltstone. The Watahomigi Formation is
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92-206 ft thick in the eastern Grand Canyon and Marble
Canyon (McKee, 1982, p. 41).

CONTACTS

Although the base of the Belden-Molas subunit is a

pronounced unconformity over most of the region, contacts.

between geologic units within the Belden-Molas subunit and
contacts with formations in overlying hydrogeologic units
generally are conformable. For example, the Horseshoe Shale
Member of the Amsden Formation grades laterally into the
Moffat Trail Limestone Member or is overlain conformably by
the Ranchester Limestone Member of the Amsden Formation
(Sando and others, 1975, p. 24). Contacts between the Dough-
nut Shale and the Pennsylvanian Round Valley Limestone are
poorly exposed; where visible, they are conformable (Huddle
and others, 1951; Kinney, 1955, p. 37; Baker and Crittenden,
1961; Hansen, 1965b, p. 43). The Molas Formation is overlain
unconformably by the Belden Formation (De Voto, 1980b, p.
77) but grades into the lower member of the Hermosa Forma-
tion (Merrill and Winar, 1961, p. 86). The Belden Formation
grades into the Gothic Formation (of Langenheim, 1952),
Minturn Formation, and Eagle Valley Evaporite of Pennsylva-
nian age (see Tweto and Lovering, 1977, p. 35; Bryant, 1979,
p- 25). The lower member of the Hermosa Formation is over-
lain conformably or gradationally by the Paradox and upper
members of the Hermosa Formation; locally, this contact is a
disconformity beneath channel sandstone, carbonaceous shale,
and coal (Wengerd, 1958, p. 118). The Surprise Canyon
Formation is overlain unconformably by the Watahomigi For-
mation (Billingsley and Beus, 1985, p. 27). The Watahomigi
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FIGURE 27.—Lower member of the Pennsyl-
vanian Hermosa Formation north of
Durango, Colo. The lower member
here consists of massively bedded lime-
stone with thin shale interbeds. Dark
streaks on the cliff face are seeps of
water emanating from the shale
intervals.

Formation contains a depositional hiatus between Morrowan
and Atokan intervals but is overlain conformably by the Penn-
sylvanian Manakacha Formation of the Supai Group (McKee,
1982, p. 158).

PARADOX-EAGLE VALLEY SUBUNIT

The Paradox—Eagle Valley subunit of the Four Corners
confining unit (pl. 14) consists of sediments that accumulated
during the maximum stage of the fourth Paleozoic marine
advance (Kent, 1972; Mallory, 1972). Associated with carbon-
ate rocks laid down on shallow marine shelves are bedded
evaporites deposited in marginal basins restricted by shoals and
the clastic debris shed from rising land masses onto coastal
plains and intertidal areas. Component geologic units include
the Moffat Trail Limestone Member of the Amsden Formation,
the Round Valley Limestone, the Eagle Valley Evaporite, the
Paradox Member of the Hermosa Formation, and the
Manakacha Formation of the Supai Group (table 1 and pl. 5).
On the basis of abundant paleontological evidence (mainly
brachiopods, corals, and foraminifera), the sedimentary rocks
comprising the Paradox-Eagle Valley subunit apparently
increase in age from Late Mississippian (Chesterian) to Middle
Pennsylvanian (Desmoinesian) in a south-southeasterly direc-
tion (age information from Kinney, 1955, p. 42-43; Wengerd,
1958, p. 115; Bass and Northrop, 1963, p. 43-46; Baker, 1964;
Hansen, 1965b, p. 43-44; Mallory, 1971, p. 18-20; Sando and
others, 1975, p. 31; McKee, 1982, p. 107; Blakey and Baars,
1987). The sea, therefore, appears to have advanced from the
north and west toward the south and east at the time of
deposition.
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The thickness of the Paradox—Eagle Valley subunit increases
irregularly toward the centers of the depositional basins of the
component geologic units (pl. 14). Maximum thicknesses are
between 300 and 400 ft in depositional basins of the Moffat
Trail Limestone Member and Manakacha Formation and about
500 ft in the depositional basin of the Round Valley Limestone.
Thicknesses penetrated by drilling exceed 4,000 ft in the Eagle
Valley Evaporite depositional basin and 9,000 ft in the Paradox
Member depositional basin, but thicknesses in these two basins
are distorted by diapiric intrusion of halite and anhydrite (Hite
and Lohman, 1973, p. 28; this report, fig. 5). Because of lateral
and vertical gradation into other formations, nondeposition
over ancestral uplifts, and erosion, the Paradox—Eagle Valley
subunit is thin or absent in four areas: (1) A northwesterly
trending belt extending from the Front Range of Colorado to
the Green River Basin of Wyoming; (2) the Uinta Mountains
and Axial Basin Arch; (3) a northwesterly trending belt extend-
ing from the Sawatch Range and southern Elk Mountains in
Colorado to the Uncompahgre Plateau and southwestern Uinta
Basin in Utah; and (4) a northerly trending belt extending from
the Kaibito and Kaiparowits Basins in the vicinity of the Utah-
Arizona State line to the San Rafael Swell and Wasatch Plateau
in southeastern Utah.

COMPONENT GEOLOGIC UNITS

The Moffat Trail Limestone Member of the Amsden
Formation comprises the Paradox—Eagle Valley subunit in the
Wind River Mountains, Gros Ventre Range, and Overthrust
Belt of Wyoming. As described by Sando and others (1975, p.
30), the Moffat Trail Limestone Member primarily consists of

REGIONAL AQUIFER SYSTEM ANALYSIS—UPPER COLORADO RIVER BASIN

thinly to thickly bedded, light-gray, medium- to coarse-
grained, fossiliferous limestone with chert nodules and lenses.
Locally, the Moffat Trail Limestone Member contains inter-
beds of yellowish-brown and beige dolomite or dolomitic lime-
stone, fine-grained sandstone, or dark-gray fissile shale.

The Round Valley Limestone comprises the Paradox—Eagle
Valley subunit in the greater Green River Basin, Uinta, Sand
Wash, and Piceance Basins and adjacent uplifted areas (the
Uinta Mountains and Wasatch Range). In the eastern Uinta
Mountains, the Round Valley Limestone (fig. 4) consists of
thinly to massively bedded, light-gray, fine- to coarse-grained,
cherty limestone (Kinney, 1955, p. 40—41; Hansen, 1965b, p.
43). In the Duchesne River area of the western Uinta Moun-
tains, the Round Valley Limestone consists of gray, white, and
brown, cherty, fine-grained, oolitic, shaly and sandy limestone
with interbedded limy sandstone (Huddle and McCann,
1947a). Similarly, in the Wasatch Range and western Uinta
Basin, the Round Valley Limestone consists of light- to
medium-gray, moderately to coarsely crystalline, cherty lime-
stone with some thin beds of buff and gray sandstone (Baker,
1964). In the southeastern Uinta Basin, the Round Valley
Limestone in boreholes consists of buff, gray, and brown
cherty limestone with oolitic and sandy layers and some inter-
beds of white, gray, and buff sandstone and greenish-gray,
light-gray, black, and red shale.

The Round Valley Limestone grades into the Eagle Valley
Evaporite in northwestern Colorado east of the Douglas Creek
Arch and south of the Sand Wash Basin (fig. 24). The Eagle
Valley Evaporite (fig. 29) consists of evaporites, carbonate
rocks, and clastic rocks that can be grouped into at least 10
depositional cycles exhibiting lateral facies changes from
hypersaline to penesaline to marine-shelf lithologies (De Voto

FIGURE 29.—Bedded gypsum and gypsif-
erous mudstone overlain by sandstone
in the Pennsylvanian Eagle Valley
Evaporite near Eagle, Colo.
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and others, 1986, p. 42-43; Dodge and Bartleson, 1986, p. 114—
118). The hypersaline facies, consisting of massively bedded
halite with thin interbeds of black shale, anhydrite, and
carbonate rocks, was deposited in five areas that were actively
subsiding grabens at the time of deposition (fig. 30). Peripheral
to these areas, the penesaline facies was deposited in shallow
seas, as evidenced by stromatolites, mud cracks, and raindrop
imprints (Dodge and Bartleson, 1986, p. 118). The penesaline
facies consists of black, gray, white, and tan siltstone, mud-
stone, and anhydrite (or gypsum) with minor interbeds of lime-
stone, dolomite, sandstone, and conglomerate (see description
at Dotsero, Colo., by Bass and Northrop, 1963, p. 42-43). Near
the eastern and western depositional limits of the Eagle Valley
Evaporite, where the formation grades into the Minturn and
Gothic Formations, the penesaline and hypersaline facies con-
tain numerous interbeds of red, maroon, tan, and gray arkosic
conglomerate, grit, sandstone, siltstone, mudstone, limestone,
and dolomite (Mallory, 1971, pl. 2). At its northern deposition-
al limits, where the Eagle Valley Evaporite grades into the
Round Valley Limestone, the marine shelf facies of the Eagle
Valley Evaporite consists of thickly bedded limestone and
thinly bedded black shale, with some conglomeratic sandstone
and minor anhydrite (less than 5 percent of the formation).
Mounds of algal limestone, dolomitized toward depositional
centers, are present in both the marine shelf and penesaline
facies.

Analogous to the Eagle Valley Evaporite and Round Valley
Limestone south of the Uinta Basin and Uncompahgre Plateau,
the Paradox Member of the Hermosa Formation also consists of
a hypersaline facies grading outward to penesaline and marine
shelf facies. However, the Paradox Member contains fewer
sandstone intervals and thicker, more laterally extensive depos-
its of halite (see Dodge and Bartleson, 1986, p. 116, for a com-
parison of lithofacies distributions in the two geologic units).
Like the Eagle Valley Evaporite and its equivalents, thickness
and depositional limits of the Paradox Member cannot be estab-
lished precisely because of vertical and lateral gradation into
other geologic units. (Several, but not all, classification
schemes commonly used for rocks in the Paradox Member are
listed in table 2.) For this report, the top of the Paradox Member
(fig. 31) generally was placed at the top of a thick interval of
cherty limestone and dolomite underlain by interbedded anhy-
drite, dark-gray to black mudstone, tan, gray-brown, and gray
siltstone, and limestone or dolomite and overlain by interbed-
ded sandstone, shale, and carbonate rocks typical of the upper
member of the Hermosa Formation (fig. 28). In some areas,
particularly in the eastern Paradox Basin or adjacent to the Un-
compahgre Uplift, where the capping layer of cherty limestone
and dolomite is not present, the top of the Paradox Member was
placed at the top of the distinctive rocks that normally underlie
the carbonate interval. The bottom of the Paradox Member
generally was placed at the base of the lowest anhydrite inter-
val, although toward the margins of deposition, the base of the
Paradox Member was interpreted in some boreholes to be either
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a thick interval of cherty or anhydritic dolomite, dark-gray and
black anhydritic mudstone, tan siltstone, or light-colored, local-
ly cherty or anhydritic sandstone.

The Paradox Member of the Hermosa Formation consists of
chemical, biogenic, and clastic sediments that accumulated
during 29 cycles of sea level fluctuation in a barred trough ad-
jacent to the ancestral Uncompahgre Uplift (Hite and Cater,
1972; Hite and Lohman, 1973). In the largest part of this
trough, an area of more than 11,000 mi® south of the present-
day Uncompahgre Plateau, the Paradox Member consists of an
evaporite facies, predominantly composed of halite. A typical
evaporite cycle of rising and falling salinity in ascending order
consists of (1) black, calcareous, silty, carbonaceous shale, (2)
black and gray silty dolomite, (3) gray and white nodular and
laminated anhydrite, (4) gray, red, and tan halite with potash
salts (mainly sylvite and carnallite) and anhydrite laminae, (5)
anhydrite, (6) silty dolomite, and (7) black shale. The top of the
halite interval is a disconformity produced by removal of 5-10
ft of salt between regressive and transgressive phases. Typical-
ly, the black shale layers are repeated at intervals of 100-300 ft
(Hite and Lohman, 1973, figs. 6 and 7; Baars, 1983, p. 70).

In the deep northeastern part of the Paradox Basin, an area
of about 3,000 miz, the salt has been squeezed into five sys-
tems of northwest-trending diapiric anticlines (Cater, 1970);
bedding in the cores of these structures is disrupted severely.
In the center of these anticlines, salt comprises 70-80 percent
of the Paradox Member, which is interpreted to be 2,500-
15,000 ft thick (see, for example, fig. 5). At the crest of the
anticlines is an interval of brecciated caprock that formed by
dissolution of salt layers in the Paradox Member and collapse
of overlying sedimentary rocks. In Salt Valley, Utah, the
caprock is 500-1,000 ft thick and consists of gypsum, silt-
stone, claystone, and subordinate black shale, dolomite, lime-
stone, and sandstone (Wollitz and others, 1982). In Moab
Valley, Utah, jumbled masses of gypsum, black shale, and
dolomite, 800 ft thick, form the caprock (Baars and Doelling,
1987, p. 276). Migration of salt into the anticlines thinned or
removed salt from adjacent synclines. For example, salt flow-
age into the Paradox Valley and Gypsum Valley Anticlines
completely removed salt from the intervening Dry Creek
Syncline. Salt thicknesses can vary from O to more than
10,000 ft within a horizontal distance of less than 3 mi (Hite
and Lohman, 1973, p. 15) because of salt flowage.

On the southwestern edge of the Paradox Basin, carbonate
sediments accumulated under relatively shallow marine con-
ditions. Evaporite cycles are traceable into the carbonate
sequence (Hite and Cater, 1972, p. 136). A typical carbonate
cycle, in an order parallel to the evaporite cycle, consists of
(1) black calcareous shale, (2) silty dolomite and limestone,
(3) algal limestone, (4) pelletal and foraminiferal limestone,
(5) siltstone, sandstone, or very silty dolomite, and (6) black
shale. The disconformity corresponding to the top of the
halite in the evaporite cycle occurs at the top of the pelletal
and foraminiferal limestone.
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FIGURE 30 (above and facing page).—Map and schematic section showing distribution of depositional facies in the Eagle Valley Evaporite and contempo-
raneous Pennsylvanian formations, northwestern Colorado. A, Map showing depositional facies in the Eagle Valley Evaporite, laterally equivalent geo-
logic formations, and syndepositional uplifts. Modified from Dodge and Bartleson (1986, fig. 6). B, Schematic section showing relation of depositional
facies in the Eagle Valley Evaporite and equivalents to tectonic setting. Based on De Voto and others (1986, fig. 3); Dodge and Bartleson (1986, fig. 7).

On the northeastern edge of the Paradox Basin, where the
Paradox Member grades into the upper and lower members of
the Hermosa Formation, clastic sedimentary rocks derived
from erosion of the ancestral Uncompahgre Uplift interfinger
with evaporite facies sediments. In this area, the Paradox
Member consists of greenish-gray, micaceous to arkosic sand-
stone and conglomerate; green, gray, and brownish-red sandy
shale; dark-gray to black carbonaceous and micaceous fossilif-
erous limestone and dolomite with thin beds of gypsum; and,
locally, thin coal seams near the base (Eckel and others, 1949,
p- 8-12; Larsen and Cross, 1956, p. 46; Wengerd, 1957, p. 133—
135; McKnight, 1974, p. 19-20, 23-26).

In the vicinity of the Kaibab Plateau and Marble Platform,
the Paradox Member grades into the Manakacha Formation of
the Supai Group (fig. 2). The Manakacha Formation consists

of a lower cliff-forming unit and an upper slope-forming unit.
The lower unit consists of orange-pink, reddish-brown, and
red, very fine grained to medium-grained sandstone and silt-
stone and gray, red, and orange limestone with thin layers of
jasper. The upper unit consists of reddish-brown, orange, and
red siltstone, mudstone, and very fine grained sandstone with
nodules and sparse interbeds of fine-grained limestone
(McKee, 1982, p. 40, 391-399).

UPPER CONTACTS

Contacts between formations comprising the Paradox—Eagle
Valley subunit and overlying formations are disconformable to
gradational. The Moffat Trail Limestone Member of the Ams-
den Formation is overlain conformably by the Ranchester



GEOLOGY OF PALEOZOIC ROCKS, UPPER COLORADO RIVER BASIN

Ad45
UNCOMPAHGRE FRONT RANGE
UPLIFT BURNS BASIN UPLIFT
Meeker Eagle
halite basin halite basin
o
> Sea level - 9:7
R 20 S o
R0 - < - <L N0 S
N2
S - Minturn>-
Formatiog = zz Formation
(=4 =) oL_J-&
oo
o ™ o D
osetedelelede RIS
| 7 X R
KIIRAI Bedrock KIKIKKKS]
0.0.0.9.0.9.9.9:¢ Y0 0.0.9.9.0.0
9.0.9.90.9.9.9.9 9,.0,9.0.90.9.0,
9.9.9.9.90.9.9.9 O 00,990,
\ KOREKAES pPodoseseey
,0‘0.0‘0.0.0‘0 / 0‘0‘0’0,1
V 0’0’0.0‘0, XA
KRIXKS
\ 0 3% / / )\\ / /
Not to scal
B EXPLANATION €
Do 00 *| Clastic facies Hypersaline facies
Marine shelf facies Area where Eagle Valley Evaporite
and equivalents are missing because
Penesaline facies of erosion or nondeposition
Fault—Barbs indicate relative directions
of movement

FiGURE  31.—Pennsylvanian Hermosa
Formation exposed in the Goosenecks
of the San Juan River west of Mexican
Hat, Utah. The band delineated in the
center of the picture is cherty
limestone of the Ismay cycle, which
generally is considered to be the top of
the Paradox Member.




TABLE 2.—Stratigraphic nomenclature for the Pennsylvanian System in the Paradox Basin.

U.S. GEOLOGICAL| WENGERD WENGERD PET/E\QSDON BAARS AND OTHERS (1960) GENERAL
SURVEY (1857) (1958) OHLEN (1963) TEXACO SUN UNION SHELL LITHOLOGY
Honak k =
Upper | | Hemmosa || PG || MG "l | fermosa 5 Sandstone.
member Formation Formation Formation Formation Formation 5 £ limestone
B £
£ 3
o Q.
L [o8
o o)
Ismay 5| Ismay Ismay E Bluff zone Bluff Limestone with
cycle -g zone zone 3 | Ismay zone zone shale layers
T
[+}]
€
Desert 5| Desert Desert Desert Desert Limest It
Creek 21 Creek Creek Creek c Creek imestone, saft,
c Q or anhydrite
e a a a cycle Q o] zone zone zone k=l zone
‘5 3 3 3 3 ©
£ o o Sls Slsts £
5 O O g8 olgls 5
& 3 3 8|8 AL &
m L
§ Paradox g| Paradox |g| Paradox |g|5| Akah gls g| Akah | _ a| 2| Akah
€| Member & | Formation || Formation | & |'% cycle 3 SR zone |9 Parad £ QE, zone Salt with shale,
8 = T ) Tloiz g aracox Paradox 2= anhydrite, or
! ° o|s g Salt C T ydrite,
g g é zone Formation 3 dolomite
& | Barker &1 | Barker |x K layers
Creek S| Creek |3 o
cycle £ zone &
°E> o
Alkali ? Lower
Shale, dolomite
o r '
Gulch S| Paradox and anhydrite
cycle zone
Lower Pinkerton
Paradox Trail
L Pinkerton Pinkerton Pinkerton Pinkerton zone Formation L Limestone
owsr Trait Trail Trail Trail owgr and
member Formation Formation Formation Formation member shale
Molas Molas Molas Molas Molas Molas Molas Molas Reﬁ;::tlgrzlth
Formation Formation Formation Formation Formation Formation Formation Formation

fragments

orv

NISVE ¥FAT OAVIOTOD JdddN—SISXTYNY WHILSXS JAANOV TYNOIDTH




GEOLOGY OF PALEOZOIC ROCKS, UPPER COLORADO RIVER BASIN

Limestone Member of the Amsden Formation (Sando and oth-
ers, 1975, p. 30). The Round Valley Limestone in the Wasatch
Range and western Uinta Basin appears to be overlain
conformably by the Weber Sandstone of Pennsylvanian age
(Baker, 1964), but in the Uinta Mountains, the Round Valley
Limestone is overlain disconformably to gradationally by the
Morgan Formation of Pennsylvanian age (Huddle and
McCann, 1947b; Kinney, 1955, p. 44; Ritzma, 1959, p. 26).
The Eagle Valley Evaporite grades laterally into the Minturn
and Gothic Formations and the lower part of the Morgan For-
mation and is overlain conformably by the upper part of the
Morgan Formation and the Maroon Formation (Mallory, 1971,
p. 14-18 and pl. 2); all formations in contact with the Eagle
Valley Evaporite are Pennsylvanian in age. The Paradox
Member of the Hermosa Formation is overlain gradationally by
the upper member of the Hermosa Formation (Baars, 1983, p.
69). The Manakacha Formation is separated from the overly-
ing Wescogame Formation of Pennsylvanian age by a wide-
spread erosional surface characterized by many small to
moderately deep channels (McKee, 1982, p. 40).

PALEOZOIC ROCKS OF THE STRAWBERRY
VALLEY AREA

Some Paleozoic rocks that crop out in the Strawberry Valley
area of the UCRB occur nowhere else in the UCRB. They are
present in the Strawberry Valley area only because cumulative
movement on the Charleston Thrust Fault and other thrust
faults have displaced rocks normally found many miles to the
west in the Basin and Range physiographic province (Roberts
and others, 1965). As shown in figure 32, the typical
Mississippian to Permian sequence present east of the
Strawberry Valley area in the Uinta Basin and Uinta Mountains
underlies the Mississippian to Permian rocks above the
Charleston Thrust Fault and presumably transmits water into
the UCRB from areas north of the fault where the
autochthonous rocks crop out (Baker, 1964). Consequently,
the allochthonous rocks are not included in any of the UCRB
hydrogeologic units. However, because of their geologic
importance, the allochthonous rocks are described briefly in
this section.

The oldest Paleozoic geologic unit found above the Charles-
ton Thrust Fault but not below it is the Great Blue Limestone
of Late Mississippian age. According to Baker (1972), the
Great Blue Limestone characteristically consists of 2,800 ft of
very thinly bedded, dark-gray to black, cherty limestone with
intervals of black shale as much as 50 ft thick and, near the bot-
tom, thin interbeds of olive-brown-weathering quartzite. Con-
formably overlying the Great Blue Limestone is the Manning
Canyon Shale of Late Mississippian and Early Pennsylvanian
age. The Manning Canyon Shale consists of 1,650-1,800 ft of
brown to black shale with numerous thin interbeds of brown to
reddish-brown-weathering quartzite and pebbly sandstone and
thinly to thickly bedded, gray to black, cherty limestone
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(Baker, 1972). The Oquirrh Formation conformably overlies
the Manning Canyon Shale.

The Oquirrh Formation comsists of five members and is
about 25,000 ft thick in the Charleston thrust sheet (Baker,
1976). The lowermost member, the Bridal Veil Limestone
Member, is Lower to Middle Pennsylvanian and approximately
equivalent to the Round Valley Limestone (Baker, 1964). It
consists of 1,250 ft of thinly to thickly bedded, medium- to
dark-gray limestone with some interbedded dark-gray to black
shale. The overlying Bear Canyon Member, of Middle Penn-
sylvanian age, consists of 4,000--8,350 ft of gray to tan, limy to
quartzitic sandstone with numerous thin to thick beds of gray to
black, sandy and cherty limestone. Next in succession, the
Middle Pennsylvanian Shingle Mill Limestone Member con-
sists of 250-500 ft of thinly bedded, dark-gray, cherty lime-
stone. Above the limestone, the Upper Pennsylvanian
Wallsburg Ridge Member consists of about 7,900 ft of light-
gray to red, fine- to medium-grained quartzite with some inter-
bedded platy, light-gray, limy sandstone and gray to blue-gray,
cherty limestone. The uppermost member of the Oquirrh
Formation, the Lower Permian Granger Mountain Member,
consists of 5,000~7,300 ft of gray to tan, limy, silty sandstone
with some interbedded gray, red, and buff quartzite, light-gray
sandstone, and thin to thick beds of gray limestone.

The uppermost Paleozoic geologic units present above, but
not below, the Charleston Thrust Fault are the Kirkman
Limestone and Diamond Creek Sandstone, both of which are
Lower Permian (Baker, 1976). The Kirkman Limestone,
which unconformably overlies the Oquirrh Formation, consists
of 0-1,600 ft of gray and black laminated, locally phosphatic
limestone and sandy limestone with some interbedded gray,
buff, and red, medium-grained sandstone and a basal boulder-
conglomerate. The overlying Diamond Creek Sandstone con-
sists of 165--1,000 ft of thinly to massively bedded, white,
light-gray, buff, and red, medium- to coarse-grained, limy to
quartzitic sandstone with a few thin beds of silty sandstone, red
to gray, sandy limestone, and gray and black laminated lime-
stone.

The Park City Formation, which in this area, consists of the
Grandeur Member, Meade Peak Phosphatic Shale Tongue of
the Phosphoria Formation, and Franson Member (Baker,
1976), is present above and below the Charleston Thrust Fault.
However, the fault has brought a greatly thickened sequence of
these rocks into the UCRB (Bissel, 1952; Baker, 1964,
unpublished AMSTRAT drilling logs). Thicknesses of the
Park City Formation in measured sections and a borehole
above the fault (at SLD 03-05-16dcb) range from about 1,430
to 1,900 ft. In contrast, the Park City Formation in an outcrop
north of the fault and in a borehole through the fault (at SLD
05-05-11bb) ranges from 624 to 870 ft thick (Baker, 1964;
Bruce Bryant, U.S. Geological Survey, oral commun., 1990).

Only the uppermost strata of the allochthonous sequence
extend into the Strawberry Valley area. Bissell (1952) mapped
about 11,100 ft of the Oquirth Formation on the west side of
Strawberry Valley. From the ages given by Bissell (1952),
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CANYONLANDS AQUIFER

these strata apparently represent the upper part of the Walls-
burg Ridge Member and the entire Granger Mountain Member.

Rocks equivalent to the C multiple-aquifer of the Navajo and
Hopi Indian Reservations in Arizona, New Mexico, and Utah

In the same area, Bissell (1952) mapped the Kirkman Lime-
stone as 873 ft thick, the Diamond Creek Sandstone as 165 ft

thick, and the Park City Formation as 1,495 ft thick.

(Cooley and others, 1969) extend throughout the UCRB. The
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C multiple-aquifer extends from the upper part of the Supai
Group to the Kaibab Limestone and, thus, includes all Paleozo-
ic rocks above the Four Corners confining unit. To be consis-
tent with current practice of the U.S. Geological Survey for
naming hydrogeologic units (Laney and Davidson, 1986), the
C multiple-aquifer herein is named the Canyonlands aquifer
because of its importance as a source of water in the Canyon-
lands region of Utah, as well as in other deeply dissected areas
of the UCRB.

The Canyonlands aquifer vertically is divisible into three
zones with different lithologic and hydrologic properties. The
lowermost zone, the Cutler-Maroon zone, consists mostly of
interbedded clastic and carbonate rocks and is named after the
two geologic units within the zone most characteristic of its
lithology and most often used as sources of water. The mid-
dle zone, the Weber—De Chelly zone, consists almost entirely
of quartz sandstone and is named for the two most prominent
water-bearing formations within this zone. The uppermost
zone, the Park City—State Bridge zone, consists alternately of
carbonate rocks, carbonate and clastic rocks, or shale, and is
named for the two geologic units most representative of the
extensive regional variations in lithology within the upper-
most zone.

Depths to the top of the Canyonlands aquifer generally coin-
cide with depths to the top of the Paleozoic rocks shown on
plate 3. The aquifer is at or near land surface on the flanks of
the White River, Uncompahgre, Defiance, and Kaibab Pla-
teaus, the Sawatch and Gore Ranges, and the Uinta, Elk, and
San Juan Mountains and has considerable exposure in the San
Rafael Swell, Waterpocket Fold (Capitol Reef-Circle Cliffs
area), Monument Upwarp, Overthrust Belt, Eagle Basin, and
Paradox Basin. The aquifer is less than 5,000 ft deep in most
areas south of the Uncompahgre Plateau, although it is more
than 10,000 ft deep in the High Plateaus region. Widespread
areas exist north of the Uncompahgre Plateau—the Uinta,
Piceance, Sand Wash, and greater Green River Basins—where
the aquifer is 15,000 to more than 25,000 ft deep.

CUTLER-MAROON ZONE

The Cutler-Maroon zone of the Canyonlands aquifer (pl.
15) consists of clastic, carbonate, and evaporite sediments
that accumulated during the fourth Paleozoic depositional cy-
cle at a time of intense tectonic activity (Kent, 1972; Mallory,
1972; Rascoe and Baars, 1972). In response to this activity,
land masses on the east and south rose to mountainous
heights, and the sea ebbed and flowed but eventually with-
drew to the north and west. Arkosic sandstone and shale
eroded from the rising mountains were deposited between the
mountain fronts and coastal areas. Quartz sandstone accumu-
lated in coastal dune fields and shoreline areas. Evaporites
precipitated in restricted marine basins, and carbonate rocks
accumulated in shallow seas. In general, the depositional pat-
tern is characterized by abrupt facies changes. Consequently,
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stratigraphic nomenclature is extremely variable across the re-
gion. Component geologic units include the Ranchester
Limestone Member of the Amsden Formation, upper member
of the Hermosa Formation (Honaker Trail Formation of
Wengerd, 1958), Rico Formation, Gothic Formation (of Lan-
genheim, 1952), Minturn Formation, Morgan Formation,
main body of the Maroon Formation, Cutler Formation, Hal-
gaito Shale (of Baars, 1962), Elephant Canyon Formation (of
Baars, 1962), Cedar Mesa Sandstone (of Baars, 1962), Organ
Rock Shale (of Baars, 1962) Supai Formation, Wescogame
Formation, Esplanade Sandstone, and Hermit Shale (table 1
and pl. 5).

On the basis of sparse to locally abundant vertebrate, inver-
tebrate, and plant remains, component geologic units are con-
sidered to be Lower Pennsylvanian (Morrowan) to Lower
Permian (Leonardian). The Ranchester Limestone Member in
the Gros Ventre Range, Wind River Mountains, and Rawlins
area contains an Early to Middle Pennsylvanian (Morrowan to
Atokan) fauna (Sando and others, 1975, p. 34). The Morgan
Formation in the eastern Uinta Mountains contains a Middle
Pennsylvanian (Desmoinesian) fauna (Kinney, 1955, p. 42-44;
Hansen, 1965b, p. 46-50). According to Bartleson (1972), the
Minturn and Gothic Formations in northwestern Colorado, on
the basis of paleontological evidence, are Middle Pennsylva-
nian (Atokan to Desmoinesian), and the main body of the Ma-
roon Formation, on the basis of its stratigraphic position above
the Minturn and Gothic Formations and below the Permian and
Triassic State Bridge Formation, is considered to be Middle
Pennsylvanian to Lower Permian (Desmoinesian to Wolfcam-
pian). Similar to the Gothic-Maroon sequence to the north, the
upper member of the Hermosa Formation, Rico Formation, and
component geologic units in the Cutler Formation or Cutler
Group (of Baars, 1962) in southwestern Colorado and south-
eastern Utah are Middle Pennsylvanian (Desmoinesian) to
Lower Permian (Leonardian), according to Rascoe and Baars
(1972) and Blakey and Baars (1987). Component geologic
units in the Supai Formation or Group and Hermit Shale in
northeastern Arizona comprise an Upper Pennsylvanian to
Lower Permian (Virgilian to Leonardian) sequence (Rascoe
and Baars, 1972; McKee, 1982). Together, geologic units
within the Cutler-Maroon zone indicate a regional south-south-
westerly decrease in age accompanying the progression of
depositional environments.

The Cutler-Maroon zone thickens and thins erraticaily (pl.
15), reflecting the distribution of syndepositional basins and
uplifts, lateral gradation of component geologic units into for-
mations that comprise other hydrogeologic units, and erosional
thinning. The Ranchester Limestone Member of the Amsden
Formation is relatively thin throughout its depositional area but
thickens to more than 300 ft in the Overthrust Belt and to about
400 ft east of the Rawlins Uplift (toward the Hanna Basin). The
Morgan Formation thickens toward two depositional centers,
one in the Uinta and Green River Basins and the other in the
Piceance Basin. In both depositional centers, maximum
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thicknesses are between 1,000 and 1,500 ft. The Minturn For-
mation or Gothic Formation and the overlying main body of the
Maroon Formation form a clastic wedge extending from the
ancestral Front Range and Uncompahgre Uplifts to the Picean-
ce and Uinta Basins. This clastic wedge generally exceeds
10,000 ft thick around the northern end of the Sawatch Range
and in the Hoosier Pass area of the Gore Range and is 3,000~
7,000 ft thick in most of the Elk Mountains and White River
Plateau, but because of gradation into the Eagle Valley Evapor-
ite, it abruptly thins to less than 2,000 ft in the central Eagle Ba-
sin. The upper member of the Hermosa Formation, the Rico
Formation, and the Cutler Group (Formation) generally thicken
from less than 1,500 ft to more than 10,000 ft toward the north-
ern edge of the Paradox Basin, although some thinning occurs
over the Monument Upwarp. The Supai Group (Formation)
and Hermit Shale generally thicken northwesterly, increasing
from less than 600 ft thick in the Defiance Plateau and eastern
Grand Canyon to more than 1,500 ft thick in the Lees Ferry area
and Kaiparowits Basin.

Geologic units that comprise the Cutler-Maroon zone are
missing because of erosion in the center of the White River
Plateau, Sawatch Range, Park Range, Gore Range, San Juan
Mountains, and Uinta Mountains and probably were never
deposited in a large area extending northwestward from the
Front Range to the southern Wind River Mountains and north-
ern Green River Basin, on and adjacent to the Uncompahgre
Plateau, and in small areas in the Wyoming part of the Over-
thrust Betlt, the northwestern corner of the Uinta Basin, and the
High Plateaus region (pl. 15).

COMPONENT GEOLOGIC UNITS

The Ranchester Limestone Member of the Amsden Forma-
tion comprises the Cutler-Maroon zone in the Wyoming part of
the Overthrust Belt, the Gros Ventre Range, the Wind River
Mountains, the Great Divide Basin, and the Rawlins Uplift.
The Ranchester Limestone Member consists of carbonate rocks
with subordinate clastic rocks and, locally, interbeds of gypsum
and anhydrite (Mallory, 1967, p. 14; Sando and others, 1975, p.
32-33). The carbonate rocks include thinly to thickly bedded,
yellowish-gray, light-gray, and purple, fine-grained to coarsely
crystalline dolomite and dolomitic limestone and fine- to
medium-grained limestone. Chert lenses and nodules are
abundant, particularly in the dolomite layers. Thinly bedded,
red and green shale and thin intervals of white and pink, fine-
to medium-grained quartz sandstone occur throughout the
member; sandstone beds are abundant in the upper half and
predominate between the Wind River Mountains and Gros
Ventre Range, in parts of the Wyoming Overthrust Belt, on the
northern edge of the Great Divide Basin, and in an area on and
near the Rock Springs Uplift (Mallory, 1967, pls. 2, 3, and 15).
Gypsum and anhydrite interbeds occur at the northern end of
the Wind River Mountains (Sando and others, 1975, p. 33) and
at the northern end of the Hoback Range (Wanless and others,
1955, p. 34).
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In the southern Green River Basin, strata equivalent to the
Ranchester Limestone Member are assigned to the Morgan
Formation despite virtually no change in lithology from areas
to the north and west (Mallory, 1967, fig. 4; Sando and others,
1975, pl. 7). As described by Hansen and others (1983), the
Morgan Formation in the southeastern Uinta Mountains (fig. 4)
is divisible into two members. The lower member consists of
variegated shale and cherty, fossiliferous limestone with thin
layers of sandstone. The upper member, which comprises
about two-thirds of the formation, consists of thinly bedded to
massively bedded, red, tan, and gray quartz sandstone with
layers of red shale in the lower part and thin interbeds of gray
and pink cherty limestone throughout. The two-fold division of
the Morgan Formation is traceable into the northeastern Uinta
Mountains, but in this area, Hansen (1965b) chose to include
beds equivalent to the upper member of the Morgan Formation
in the lower part of the Weber Sandstone. In this report the
beds assigned by Hansen to the lower part of the Weber Sand-
stone are retained in the Morgan Formation to preserve strati-
graphic continuity and avoid introducing substantial lithologic
heterogeneity into the Weber Sandstone. The Weber Sand-
stone of this report, therefore, is a nearly homogeneous forma-
tion composed of light-colored, quartz sandstone.

Between the eastern and western Uinta Mountains, consider-
able changes occur in the Morgan Formation. On the basis of
descriptions of the formation by Huddle and McCann (1947b),
Huddle and others (1951), and Kinney (1955, p. 40-42), the
lower and upper members apparently merge west of Dinosaur
National Monument. Limestone beds in the formation pinch
out westward and do not extend beyond the Lake Fork of the
Duchesne River. West of the Whiterocks River, in the central
Uinta Mountains, sandstone layers in the upper part of the for-
mation become light colored and grade into the Weber Sand-
stone. The remaining Morgan Formation becomes
predominantly reddish brown in color. In the Duchesne River
area of the western Uinta Mountains, the Morgan Formation is
near its depositional edge and consists almost entirely of inter-
bedded sandstone, siltstone, and mudstone. )

In the southwestern Uinta Basin, interbedded cherty
limestone and dolomite, light-colored, orange, and red sand-
stone, and gray, tan, red, and varicolored shale occur between
beds of typical Weber Sandstone and Round Valley Limestone
lithologies (fig. 28). Superficially, these beds resemble the
lower part of the Weber Formation at its type locality along the
Weber River in the Uinta Mountains west of the UCRB and
could be assigned to the Weber Sandstone (Samuel Johnson,
U.S. Geological Survey, oral commun., 1990). However, in
this report, distinction between the Weber Sandstone where it
contains carbonate interbeds in the western UCRB and the un-
derlying Morgan and Elephant Canyon Formations consistent-
ly was made based on the relative thickness and abundance of
carbonate intervals. Tops of the Morgan and Elephant Canyon
Formations were placed where carbonate intervals became
more than several tens of feet thick and began to equal or
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exceed sandstone intervals in abundance. On the basis of these
criteria and their lithology, the beds in question in the south-
western Uinta Basin were assigned to the Morgan Formation.
In the eastern Eagle Basin, the lower part of the Morgan For-
mation and the Eagle Valley Evaporite grade into the Minturn
Formation (figs. 24 and 30). The Minturn Formation (fig. 33)
consists of interbedded sandstone, pebbly sandstone (grit), con-
glomerate, and shale with irregularly spaced intervals of lime-
stone and dolomite and minor evaporite beds (Chronic, 1957;
Boggs, 1966; Tweto and Lovering, 1977, p. 40-48). The
sandstone, grit, and conglomerate commonly are arkosic, but
feldspathic, graywacke, and quartz sandstone layers also are
present. The arkosic rocks typically are micaceous and poorly
sorted. The sandstone layers, in general, become coarser
grained, thicker, and more numerous eastward as shale and
evaporite layers become less abundant. Shale intervals in the
Minturn Formation are gray to black; most commonly, they
consist of micaceous sandy shale and siltstone, but claystone
layers are present. Limestone layers in the formation are bluish
gray to brownish gray and very fine grained to sandy.
Dolomite layers in the formation generally are gray to black
and either finely crystalline, bioclastic, or cherty. Some of the
dolomite was formed by hydrothermal replacement of lime-
stone and is gray and tan, vuggy, and coarsely crystalline.

Many of the carbonate layers pinch out westward or grade -

laterally into clastic layers; in transition zones, mixed carbon-
ate-clastic rocks, such as conglomerate consisting of quartz and
pegmatite pebbles in a matrix of dolomite or sandy dolomite,
may occur. Although most of the Minturn Formation is grayish
green, tan, yellow, and pink, upper layers grade to predomi-
nantly red (see Tweto and Lovering, 1977, fig. 13). The top of
the Minturn Formation is the Jacque Mountain Limestone
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FiGURE 33.—Interbedded sandstone, shale,
and dolomite in the Pennsylvanian
Minturn Formation at Vail, Colo.

Member (fig. 34), an interval of gray and pink limestone, about
20-25 ft thick, that in alternate layers is oolitic, sandy,
bioclastic, or stromatolitic (Boggs, 1966, fig. 6).

Lithologic criteria used to distinguish the Minturn Forma-
tion from the overlying Maroon Formation in the eastern Ea-
gle Basin and Gore Range become unusable about 7 mi west
of Avon, Colo. (Boggs, 1966, p. 1403 and fig. 2). In this area,
the Jacque Mountain Limestone Member becomes covered
and intercalated with evaporite deposits. Although the Jacque
Mountain Limestone Member may be present west of the axis
of the Eagle Basin, in the White River Plateau and Elk Moun-
tains, this particular limestone interval cannot be identified re-
liably among numerous other limestone intervals in the area.
As an example, Langenheim (1954, p. 1768) noted that lime-
stone intervals identified as the Jacque Mountain Limestone
Member in measured sections near Glenwood Springs and
Dotsero, Colo., within 20 mi of each other, were in reality
separated by 1,500 feet of intervening strata. Similarly, the
Jacque Mountain Limestone Member loses its identity a short
distance to the south of its type locality at Minturn, Colo. De
Voto (1972, p. 161) indicated that limestone beds in the
Minturn-Maroon section at Hoosier Pass, 20 mi south of Min-
turn, cannot be correlated with confidence with limestone
beds at Minturn. Because of these correlation problems, Lan-
genheim (1952, 1954) felt that the Jacque Mountain Lime-
stone Member was not a useful stratigraphic marker in the Elk
Mountains and White River Plateau and, in these areas, reject-
ed the Minturn Formation as a mappable unit. Instead, Lan-
genheim established the Gothic Formation and defined its top
as the change from predominantly tan, green, and gray clastic
rocks to predominantly red clastic rocks. The predominantly
red rocks were assigned to the Maroon Formation. Bartleson
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(1972) and Bryant (1979) accepted Langenheim’s terminolo-
gy in subsequent reports on the Elk Mountains and Sawatch
Range.

The Gothic Formation, as defined by Langenheim (1952,
1954) consists of all the predominantly light colored clastic
and carbonaceous rocks between the Belden and Maroon
Formations. The Gothic Formation is characterized by ex-
treme lenticularity, with individual layers traceable for no
more than 2 mi within an outcrop area and untraceable be-
tween outcrop areas. The base of the formation in the Elk
Mountains and White River Plateau is the lowest prominent
sandstone above shale and limestone typical of the Belden
Formation. In the Sawatch Range, according to Bryant (1979,
p- 25-27), the base of the Gothic Formation is gradational into
the Belden Formation and consists of green, gray, and red
limy shale, shaly limestone, and sandy limestone interbedded
with dark-gray to black carbonaceous shale; the contact with
the Belden Formation is drawn where the rocks become pre-
dominantly light colored. The upper contact of the Gothic
Formation is an abrupt to gradational color change from gray,
green, and tan clastic rocks to predominantly red clastic rocks.
In the Elk Mountains and White River Plateau, the Gothic
Formation (fig. 35) predominantly consists of siltstone with
lesser amounts of sandstone and conglomerate and irregularly
spaced limestone beds. The clastic rocks typically are felds-
pathic and locally micaceous; calcite cement may be present.
The limestone layers typically are either massively bedded
and sandy (grading into sandstone) or thinly bedded, organic,
and shaly (with shale interbeds), but massive reef deposits
also occur. In the Sawatch Range and vicinity, the Gothic
Formation consists of limy sandstone and siltstone and silty to
sandy limestone with interbeds of pebbly, arkosic sandstone,
conglomerate, breccia, gypsum, and anhydrite (Bryant, 1979,

REGIONAL AQUIFER SYSTEM ANALYSIS—UPPER COLORADO RIVER BASIN

FIGURE 35.—Interbedded sandstone and
conglomerate in the Pennsylvanian
Gothic Formation (of Langenheim,
1952) on the Crystal River south of
Carbondale, Colo.

p- 27). In general, the Gothic Formation becomes finer
grained from south to north, containing more siltstone and
less conglomerate and progressively finer grained sandstone
layers in that direction (Langenheim, 1954, p. 1769).

Deposits that could be classified as either Gothic Formation
or Minturn Formation are encountered in drill holes between
the Belden Formation or Eagle Valley Evaporite and the
Maroon Formation in the Piceance Basin. These deposits
consist of sandstone, siltstone, and mudstone with interbeds of
limestone, dolomite, and, locally, anhydrite. The top of the
sequence generally is characterized by a limestone interval, 5—
20 ft thick, and a color change upward from predominantly
gray, white, tan, orange, grayish green, and black to predomi-
nantly red, reddish orange, reddish brown, purple, and maroon.
Where a thick layer of limestone marks the top of the sequence,
the color change may occur well below the limestone layer. Al-
ternately, a thick sequence of light-colored rocks may intervene
between predominantly red rocks of typical Maroon Formation
lithology and the first thick limestone layer below the typical
Maroon Formation beds. If the first thick limestone layer is
equivalent to the Jacque Mountain Limestone Member of the
Minturn Formation and rocks below it are assigned to the
Minturn Formation, then the Maroon Formation uncharacteris-
tically would include a color change in some areas of the
Piceance Basin. On the other hand, if the color change is used
to distinguish the Maroon Formation from the Gothic Forma-
tion, then the Maroon Formation uncharacteristically would in-
clude thick limestone intervals in some parts of the Piceance
Basin. As neither system of nomenclature is satisfactory in the
Piceance Basin, beds between intervals of typical Belden For-
mation or Eagle Valley Evaporite and Maroon Formation
lithologies in this report are designated as undifferentiated
Minturn-Gothic Formation.
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Throughout northwestern Colorado, the Morgan Formation,
Eagle Valley Evaporite, Minturn Formation, and Gothic
Formation are overlain gradationally by the Maroon Formation
(figs. 24 and 34). The main body of the Maroon Formation (fig.
36) consists of conglomerate, sandstone, siltstone, and
mudstone, with thin intervals of limestone, and, locally,
gypsum (Langenheim, 1954; Bass and Northrop, 1963, p. 46—
54; Bryant, 1979, p. 29—40; Johnson, 1987). The clastic rocks
predominantly are red, reddish brown, reddish orange, maroon,
and purple. However, intervals of gray limestone and shale (in-
terpreted as tongues of the Minturn and Gothic Formations) oc-
cur in the lower part of the main body of the Maroon
Formation, and intervals of tan and light-gray quartz sandstone
(interpreted either as tongues of the Schoolhouse Member or as
diagenetically altered horizons) occur near the top of the main
body of the Maroon Formation. Clastic layers typically are ar-
kosic, micaceous, calcareous, and hematitic. Sandstone layers
are well sorted to poorly sorted, very fine to coarse grained, and
grade into conglomerate layers. Conglomerate layers contain
clasts ranging from gravel to cobble size. Limestone layers,
which usually are less than 3 ft thick, are most abundant in the
lower part of the main body of the Maroon Formation. Typi-
cally, these carbonate rocks are fine grained and silty to muddy
and grade into siltstone over distances of a few hundred feet.
The main body of the Maroon Formation, in general, is charac-
terized by extreme lenticularity, with individual beds no more
than about 30 ft thick and traceable for no more than a mile.

South of the crest of the Uncompahgre Plateau and west of
the crest of the San Juan Mountains, strata equivalent to the
Minturn (or Gothic) and Maroon Formations grade into the up-
per member of the Hermosa Formation, Rico Formation, and
Cutler Formation. From the Monument Upwarp west to the

AS55

FiGURE 36.—Pennsylvanian, Permian, and
Triassic formations in the Eagle River
valley near Eagle, Colo. E, Eagle
Valley Evaporite; M, main body of
Maroon Formation; S, Schoolhouse
Member of Maroon Formation; SB,
State Bridge Formation. The main
body of the Maroon Formation here
consists of fluvial and eolian sandstone
interbedded with shale.

San Rafael Swell and High Plateaus, tongues of quartz sand-
stone alternate with red beds within the Cutler. The U.S. Geo-
logical Survey considers the quartz sandstone and red-bed
sequences to be members of the Cutler Formation, whereas
Baars (1962) assigned these sequences formation status and el-
evated the Cutler in the area to group rank. In ascending order,
the formations comprising the Cutler Group in the southern
two-thirds of the Monument Upwarp and vicinity are the Hal-
gaito Shale, Cedar Mesa Sandstone, Organ Rock Shale, and
White Rim Sandstone. As shown on plate 15, the Halgaito
Shale in the northern Monument Upwarp and in areas to the
west grades into the Elephant Canyon Formation. The Rico
Formation north and west of the Monument Upwarp also
grades into the Elephant Canyon Formation, but it becomes in-
distinguishable in the southeastern Henry Mountains Basin and
eastern Kaiparowits Basin. The Organ Rock Shale pinches out
in the vicinity of the San Rafael Swell, causing the Cedar Mesa
and White Rim Sandstones to merge into a single body of sand-
stone (fig. 37), which in earlier reports was called either Co-
conino Sandstone (see, for example, Hunt and others, 1953) or
Cedar Mesa Sandstone (see, for example, Baars, 1983), but is
now referred to as White Rim Sandstone (the preferred usage
in this report) or Toroweap Formation (George Billingsley,
U.S. Geological Survey, written commun., 1988). The White
Rim and Coconino Sandstones are included in the Weber-De
Chelly zone and are described later in this report. The Cedar
Mesa Sandstone is similar in lithology to the White Rim and
Coconino Sandstones but is included in the Cutler-Maroon
zone, because the Organ Rock Shale inhibits ground-water
flow between the Weber—De Chelly and Cutler-Maroon zones.

The upper member of the Hermosa Formation consists of
limestone, shale, sandstone, and conglomerate interbedded in
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intervals a few feet to more than 50 ft thick. Nearly every-
where, the bottom of the member is characterized by an interval
of sandstone with interbedded shale. Sandstone and conglom-
erate layers are thickest and most abundant in the vicinity of the
San Juan Mountains and Uncompahgre Plateau. Carbonate
layers increase in thickness and number westward and predom-
inate in the southern Monument Upwarp. In the San Juan
Mountains, the upper member of the Hermosa Formation con-
sists of greenish-gray, brown, and maroon, micaceous sand-
stone; arkosic sandstone and conglomerate; and brownish-red,
black, and green shale; with a few thin beds of gray limestone
(Eckel and others, 1949, p. 10-12; Wengerd, 1957, p. 133;
McKnight, 1974, p. 26-27; Baars and others, 1987, p. 347).
Farther west, at the confluence of the Green and Colorado Riv-
ers in the northern Monument Upwarp, the upper member of
the Hermosa Formation consists of blue, greenish-gray, and
gray limestone with chert concretions; gray, green, red, and
purple mudstone, siltstone, and limy shale; and white, gray,
greenish-gray, red, and purple limy, arkosic, and shaly sand-
stone (McKnight, 1940, p. 22-23). In the southern Monument
Upwarp along the San Juan River, the upper member of the
Hermosa Formation (fig. 31) predominantly consists of gray,
finely crystalline, cherty limestone and red, purple, gray, and
tan limy, sandy siltstone with a few thin layers of gray and
brown, fine-grained, limy sandstone (Gregory, 1938, p. 64-65;
Wengerd, 1963; O’Sullivan, 1965, p. 10-20).

The Rico Formation is transitional in lithology between the
upper member of the Hermosa Formation and the Cutler For-
mation. Its top and bottom are distinguished by lithologic cri-
teria that are not persistent throughout the area. In the San Juan
Mountains, the Rico Formation consists of predominantly red-
dish brown, maroon, pink and gray, micaceous, and arkosic
sandstone, pebbly sandstone, sandy shale and conglomerate,
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FiGURE 38.—Arkosic conglomerate, sand-
stone, and sandy siltstone in the
Permian Cutler Formation along the
Uncompahgre River in the San Juan
Mountains, north of Ouray, Colo.

with thin intervals (less than 10 ft thick) of maroon, red, and
gray, sandy and shaly limestone and black limy shale (Eckel
and others, 1949, p. 13—15; Larsen and Cross, 1956, p. 46—47).
In the northern Monument Upwarp, the Rico Formation simi-
larly is composed of brownish-red, purple, maroon, brown, and
gray sandstone, arkosic sandstone, sandy shale, and limy shale,
with eight thin intervals of bluish-gray to greenish-gray nodular
limestone (McKnight, 1940, p. 26-28). In the southern Monu-
ment Upwarp, the Rico Formation consists of reddish-brown,
red, purple, and gray siltstone, with eight to nine intervals of
fossiliferous, gray and white limestone and quartz sandstone.
These eight to nine marker beds are 036 ft thick individually;
intervening siltstone intervals are 16-136 ft thick (O’Sullivan,
1965, p. 23-31).

The Cutler Formation is 8,000 to more than 9,000 ft thick on
the southwestern side of the Uncompahgre Plateau, but it
pinches out abruptly to the north and east against faults border-
ing the plateau (fig. 37). The Cutler Formation consists of a
coarse-grained arkosic facies from the Uncompahgre Plateau
and San Juan Mountains to the northeastern Paradox Basin and
a finer grained red-bed facies from the southwestern Paradox
Basin to the Monument Upwarp and northeastern Arizona
(Kunkel, 1960, p. 91-93). The coarse-grained facies (fig. 38)
consists of massively bedded sandstone, grit, and conglomerate
with interbeds of claystone, siltstone, and sandy shale and scat-
tered interbeds of earthy, nodular limestone; the rocks are dom-
inantly purplish red and reddish brown, but red, brown, orange,
pink, and gray intervals, also, are present (Dane, 1935, p. 39—
40; Eckel and others, 1949, p. 16~17; Bush and others, 1959, p.
309-312; Luedke and Burbank, 1962; McKnight, 1974, p. 30—
31). The various rock types grade into each other and interfin-
ger laterally over distances of a few thousand feet. The sand-
stone, grit, and conglomerate typically are arkosic and
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micaceous and commonly contain some calcite cement. Con-
glomerate layers, which are concentrated in the upper half of
the formation, are composed of gravel- to boulder-sized clasts
of igneous and metamorphic rocks in a matrix of coarse-
grained, angular sandstone; the average size of the clasts and
the number of conglomerate layers increase in a northeasterly
direction toward the Uncompahgre Plateau. The finer grained
facies consists of red, reddish-brown, brown, and purple, medi-
um- to coarse-grained, arkosic sandstone, siltstone, and mud-
stone with some interbedded quartz sandstone, cherty
limestone, and gypsum or anhydrite (Baker, 1933, p. 29-30;
McKnight, 1940, p. 37-47; Shawe and others, 1968, p. 24-25).
Quartz sandstone layers are most abundant near the base and
top of the formation, where the Cutler Formation grades into
the Cedar Mesa and De Chelly Sandstones.

The Halgaito Shale, which is about 750 ft thick (Baars, 1983,
p- 83), consists of reddish-brown (mottled gray and green),
fine-grained silty sandstone and siltstone with thin lenticular
beds of gray limestone and, locally, interbeds of silt-pebble
conglomerate, limestone conglomerate, gypsiferous sandstone,
and gypsum (Gregory, 1938, p. 42; Kirkland, 1963, p. 84; Irwin
and others, 1971, p. 23; Blakey, 1979, p. 119-120; Blakey and
Baars, 1987, p. 362). The sandstone and siltstone are cemented
with calcite. The formation characteristically is thinly bedded,
with sandstone and shale beds commonly less than 1 ft thick
and limestone and gypsum beds commonly less than 2 ft thick
(Witkind and Thaden, 1963, p. 8; O’Sullivan, 1965, p. 34).

The Elephant Canyon Formation, which is as much as
1,500 ft thick, consists of tan and light-grayish-brown, crys-
talline to sucrose, cherty limestone; tan and beige, finely crys-
talline to chalky, cherty dolomite; and white, gray, and tan,
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fine-grained, quartz sandstone with red, purple, and green silt-
stone and mudstone, arkosic sandstone, and anhydrite
(Kunkel, 1958, p. 163-164; Baars, 1979, p. 3). In the San
Rafael Swell, limestone and sandstone in beds 3-50 ft thick
underlie the White Rim Sandstone. Because of their strati-
graphic position, these beds are interpreted in this report to be
the top of the Elephant Canyon Formation, although Baker
(1946), who first described them, interpreted the beds to be in
the Hermosa Formation. -

The Cedar Mesa Sandstone, for the most part, consists of
light-gray, white, tan, beige, and grayish-orange, fine-grained
quartz sandstone weakly to firmly cemented with calcite (Gre-
gory, 1938, p. 43-45; Hunt and others, 1953, p. 41-42; Kunkel,
1958, p. 164-166; Thaden and others, 1964, p. 14-19; O’Sulli-
van, 1965, p. 36-46; Irwin and others, 1971, p. 24; Baars, 1979,
p- 3; Blakey and Baars, 1987, p. 362). The sandstone typically
occurs in layers 540 ft thick that display large-scale crossbed-
ding (fig. 39). Reddish-brown, red, and greenish-gray siltstone
and mudstone beds, 1-13 ft thick, are interbedded with the
sandstone; many of these beds contain limestone nodules. Thin
beds of bluish-gray limestone occurring in the formation are
most numerous near the base and northwestern edge where the
Cedar Mesa Sandstone grades into the Elephant Canyon For-
mation. Along its eastern edge, where it grades into the Cutler
Formation, the Cedar Mesa Sandstone consists of red and pur-
ple gypsiferous shale, brownish-red and gray, friable, gypsifer-
ous sandstone, gray and purple cherty limestone and
conglomeratic limestone, and pink and white gypsum and an-
hydrite. The change from the quartz sandstone to the gypsifer-
ous facies of the Cedar Mesa Sandstone is abrupt, occurring in
a northeast-trending zone about 1 mi wide (Sears, 1956, p.

FIGURE 39.—Permian Cedar Mesa Sand-
stone and Organ Rock Shale (of
Baars, 1962) at Natural Bridges Na-
tional Monument, Utah.
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184-187). The Cedar Mesa Sandstone is about 1,400 ft thick
in the center of its depositional area (Baars, 1983, p. 85).

The Organ Rock Shale (fig. 40) consists of reddish-brown
and orange-red (mottled gray and green) limy mudstone, silt-
stone, and very fine grained silty sandstone with beds of lime-
stone-pellet conglomerate (Gregory, 1938, p. 46; Hunt and
others, 1953, p. 42; Kunkel, 1958, p. 166; Mullens, 1960, p.
272-274; Witkind and Thaden, 1963, p. 10-12; Thaden and
others, 1964, p. 19-29; Lewis and Campbell, 1965, p. 11-13;
O’Sullivan, 1965, p. 46-49; Blakey, 1979, p. 121-122; Baars,
1987, p. 282; Blakey and Baars, 1987, p. 363). In Monument
Valley, the formation contains thin beds of grayish-pink lime-
stone. Along its northeastern edge where it grades into the
Cutler Formation, the Organ Rock Shale contains layers of
purple and red, coarse-grained, arkosic sandstone. Near the
base and top of the formation where it grades into the Cedar
Mesa and De Chelly Sandstones, the Organ Rock Shale con-
tains layers of light-gray, white and pink, fine- to medium-
grained quartz sandstone. These sandstone layers are cross-
bedded and as much as 40 ft thick. In general, bedding inter-
vals vary from inches to more than 10 ft, but in many places,
bedding is obscure. The Organ Rock Shale is more than 900
ft thick in the center of its depositional area (Baars, 1983, p.
88-89).

In the Defiance Plateau, the upper member of the Hermosa
Formation pinches out, and the Rico Formation and Cutler
Group grade into the Supai Formation. The Supai Formation
consists of reddish-brown and reddish-orange, fine-grained
sandstone, silty sandstone, and siltstone with beds of gypsifer-
ous sandstone, siliceous limestone, and mudstone-pellet con-
glomerate (Read and Wanek, 1961; Irwin and others, 1971, p.
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FiGURE 40.—Permian Organ Rock Shale
(of Baars, 1962) and De Chelly Sand-
stone in Monument Valley, Utah.

17-18). Some of the sandstone is crossbedded. A basal con-
glomerate consisting of gravel- to boulder-sized clasts of
quartzite, granite, volcanic rocks, and limestone in a matrix of
fine-grained sandstone is present in many places. This con-
glomerate layer is 2-5 ft thick. In general, the formation is
thinly to thickly bedded.

In the Black Mesa, Kaibito, and Kaiparowits Basins, the
upper member of the Hermosa Formation grades into the
Wescogame Formation; the Halgaito Shale grades into the
basal slope unit of the Esplanade Sandstone; the Cedar Mesa
Sandstone grades into the main cliff and upper cliff-slope units
of the Esplanade Sandstone; and the Organ Rock Shale grades
into the Hermit Shale. The Wescogame Formation and
Esplanade Sandstone are included in the Supai Group (fig. 2)
as defined by McKee (1982).

The Wescogame Formation, which is 98-240 ft thick in the
eastern Grand Canyon and Marble Canyon (McKee, 1982, p.
41), consists of reddish-brown, reddish-orange, pink, and red,
fine-grained sandstone and siltstone with interbedded
mudstone and limestone. Sandstone is the dominant constitu-
ent, but proportions of all rock types are extremely variable
(McKee, 1982, p. 49).

The Esplanade Sandstone, which is 262444 ft thick in the
eastern Grand Canyon and Marble Canyon (McKee, 1982, p.
41), predominantly consists of very fine grained sandstone
(McKee, 1982, p. 48). The basal slope unit is composed of red-
dish-brown, reddish-orange, red, and gray, very fine grained
sandstone, siltstone, and mudstone, with a basal conglomerate
layer 3-5 ft thick. The main cliff unit consists of grayish-white,
gray, pale-orange, reddish-orange, reddish-brown, and pink,
fine-grained, limy, crossbedded sandstone with interbeds of
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reddish-brown to red siltstone and mudstone and very sparse
interbeds of limestone. The upper cliff-slope unit consists of
interbedded sandstone, siltstone, and mudstone similar to rocks
present in the other two units but eroded into a characteristic
ledge and slope topography. According to Phoenix (1963, p.
10), sandstone beds in the upper unit typically are 2—10 ft thick.

The Hermit Shale (fig. 2) consists of thinly bedded, reddish-
brown and reddish-orange mudstone, siltstone, and very fine
grained sandstone with lenses of light-colored, fine-grained
sandstone (Noble, 1922, p. 64—65; Phoenix, 1963, p. 10-11;
McKee, 1982, p. 391-398). In the eastern Grand Canyon and
Marble Canyon, the Hermit Shale is 76-710 ft thick (McKee,
1982, p. 36).

CONTACTS

Contacts between geologic units that comprise the Cutler-
Maroon zone of the Canyonlands aquifer and component geo-
logic units of the underlying Four Corners confining unit gen-
erally are gradational. However, the Wescogame Formation
rests on the eroded surface of the Manakacha Formation, which
contains conglomerate-filled channels as much as 80 ft deep
(McKee, 1982, p. 161). Where the Four Corners confining unit
is missing because of erosion or nondeposition, particularly on
the eastern and western fringes of the study area, component
geologic units in the Cutler-Maroon zone unconformably over-
lie older geologic units. On the eastern side of the UCRB, the
Maroon, Cutler, and Supai Formations overlie Precambrian
igneous and metamorphic rocks in areas that were highlands
intermittently before and during deposition. Such areas include
the Gore Range, Uncompahgre Plateau, and Defiance Plateau.
The relief on the basal unconformity in the Defiance Plateau
ranges from 15 to 75 ft (Irwin and others, 1971, p. 18). West-
ward from the Monument Upwarp to the San Rafael Swell and
Kaiparowits Basin, the Cutler Group progressively truncates
older rocks, resting on Pennsylvanian rocks in the east and
Mississippian rocks in the west (Kunkel, 1958, p. 164).

Contacts among geologic units comprising the Cutler-
Maroon zone generally are conformable to gradational. The
Minturn Formation is overlain conformably by the Maroon
Formation (Tweto and Lovering, 1977, p. 55). The Gothic
Formation is gradational into the Maroon Formation every-
where (Langenheim, 1952, p. 561; Bryant, 1979, p. 25). The
upper member of the Hermosa Formation is overlain con-
formably by the Rico Formation, and a transition zone as
much as 25 ft thick is present in most areas (Baker, 1933, p.
25; 1936, p. 21; Dane, 1935, p. 34; O’Sullivan, 1965, p. 23).
The Rico Formation, in turn, grades laterally and vertically
into the Cutler Group or Formation (Baker, 1933, p. 29; 1936,
P- 29; 1946, p. 39; Dane, 1935, p. 41; McKnight, 1940, p. 49—
50; 1974, p. 31; O’Sullivan, 1965, p. 35). Vertical shifts in
the Rico-Cutler contact occur because fossiliferous limestone
layers that define the top of the Rico Formation are discontin-
uous. As one of these limestone layers pinches out, the
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contact shifts vertically to the next fossiliferous limestone lay-
er (Baker, 1946, p. 35-36).

The Cutler Formation grades into the Halgaito Shale, Cedar
Mesa Sandstone, and Organ Rock Shale and becomes the Cut-
ler Group. Within the Cutler Group, contacts between includ-
ed formations generally are gradational vertically and laterally
(fig. 37). The Halgaito Shale grades into the Elephant Can-
yon Formation. The Elephant Canyon Formation and Halgai-
to Shale grade into the Cedar Mesa Sandstone. The Cedar
Mesa Sandstone generally grades into the Organ Rock Shale;
in the southern Monument Upwarp, this transition zone is 60—
100 ft thick (Mullens, 1960, p. 270). In the northern Monu-
ment Upwarp, however, the Cedar Mesa Sandstone—Organ
Rock Shale contact is an irregular surface with as much as 40
ft of relief. Baker (1946, p. 39) interpreted this surface to be
erosional, but Thaden and others (1964, p. 19) interpreted it
as depositional.

Within the Supai Group and Hermit Shale, contacts be-
tween formations generally are unconformable. The Espla-
nade Sandstone overlies the Wescogame Formation
unconformably. The contact surface contains conglomerate-
filled channels as much as 50 ft deep (McKee, 1982, p. 161).
The Esplanade Sandstone, in turn, is overlain unconformably
by the Hermit Shale (Noble, 1922, p. 64). This unconformity
is a very irregular surface with channels as much as 55 ft deep
and hills as much as 114 ft high (Phoenix, 1963, p. 11;
McKee, 1982, p. 161).

Contacts between geologic units in the Cutler-Maroon zone
and geologic units in overlying zones of the Canyonlands
aquifer north of the Uncompahgre Plateau generally are con-
formable to gradational, although local unconformities exist.
The Ranchester Limestone Member of the Amsden Formation
is overlain conformably to transitionally by the Tensleep
Sandstone of Pennsylvanian and Permian age (Sando and oth-
ers, 1975, p. 33). The Morgan Formation intertongues with
and grades into the Weber Sandstone of Pennsylvanian and
Permian age (Thomas and others, 1945; Untermann and Un-
termann, 1954, p. 33; Kinney, 1955, p. 44; Hallgarth, 1959;
Bass and Northrop, 1963, p. 47-48; Hansen, 1965b, p. 50).
Where the Schoolhouse Member of the Maroon Formation
pinches out east of the White River Plateau, the main body of
the Maroon Formation is overlain conformably to unconform-
ably by the Permian and Triassic State Bridge Formation
(Freeman, 1971, p. 4; Freeman and Bryant, 1977, p. 185).
Atypically, the State Bridge, Maroon, and Gothic Formations
are truncated from north to south in the Elk Mountains by an
erosional surface on which the Jurassic Entrada Sandstone
was deposited (Brill, 1944, p. 638; Langenheim, 1952, p. 563;
1954, p. 1755). This erosional surface also appears to trun-
cate the Maroon Formation on the east side of the Gore Range
(Lovering and Goddard, 1950, p. 36; Singewald, 1951, p. 10—
13).

South of the Uncompahgre Plateau, the upper surface of
the Cutler-Maroon zone is an unconformity in most areas
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where the undivided Cutler Formation or the Organ Rock
Shale is at the top of the Paleozoic rocks. In the Uncompah-
gre Plateau, San Juan Mountains, and northern Paradox Ba-
sin, the Cutler Formation generally is overlain with angular
discordance by the Dolores Formation of Triassic age;
locally, in and near the San Juan Mountains, however, this
contact is gradational (Eckel and others, 1949, p. 16; Bush
and others, 1959, p. 308; Luedke and Burbank, 1962). In the
central Monument Upwarp, the Organ Rock Shale is overlain
disconformably by the Hoskinnini Member of the Triassic
Moenkopi Formation (Read and Wanek, 1961, pl. 2; Thaden
and others, 1964, p. 28-29).

‘Where the White Rim or De Chelly Sandstone is present, the
contact with the underlying Cutler Formation or Organ Rock
Shale generally is gradational. From the east side of the Mon-
ument Upwarp to the vicinity of the Colorado-Utah State line,
the undivided Cutler Formation or Organ Rock Shale grades
into the De Chelly Sandstone. According to Witkind and
Thaden (1963, p. 12) and O’Sullivan (1965, p. 47), the Organ
Rock-De Chelly transition occurs over a vertical distance of
25-65 ft. On the west side of the Monument Upwarp and in the
eastern Henry Mountains Basin, contacts between the Organ
Rock Shale and White Rim Sandstone are conformable to gra-
dational (McKnight, 1940, p. 51; Hunt and others, 1953, p. 45;
Steele-Mallory, 1982, p. 9).

The Supai Formation and Hermit Shale, also, are overlain
conformably by Permian sandstones. In the Defiance Plateau
area of northeastern Arizona, red beds of the Supai Formation
are overlain transitionally by the De Chelly Sandstone (Read
and Wanek, 1961, pl. 2; Irwin and others, 1971, p. 18). To the
west, in the Lees Ferry area and in the Grand Canyon, the
Hermit Shale conformably is overlain by the Coconino
Sandstone of Permian age (Noble, 1922, p. 64; Phoenix, 1963,
p. 11).

WEBER-DE CHELLY ZONE

The Weber—De Chelly zone of the Canyonlands aquifer (pl.
16) consists almost entirely of quartz sandstone deposited in
coastal dune fields, estuaries, and shoreline areas as the sea re-
ceded and then readvanced near the end of the Paleozoic Era
(Kent, 1972; Mallory, 1972; Rascoe and Baars, 1972; Blakey,
1979; Fryberger and Koelmel, 1986). Component geologic
units include the Wells Formation, Tensleep Sandstone, Weber
Sandstone, Schoolhouse Member of the Maroon Formation
(Johnson and others, 1990); Fryingpan Member of the Maroon
Formation (Johnson, 1989); White Rim Sandstone (of Baars,
1962); De Chelly Sandstone, and Coconino Sandstone (table 1
and pl. 5).

Component geologic units in the Weber—De Chelly zone are
sparsely fossiliferous. Nevertheless, their ages can be estab-
lished fairly reliably on the basis of contained fossils (mainly
fusulinids) and the ages of geological formations underlying,
overlying, or intertonguing with the component geologic units.
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The existing evidence indicates that the Tensleep Sandstone
and Wells Formation are mostly Middle and Upper Pennsylva-
nian (Desmoinesian to Virgilian); the Weber Sandstone is Mid-
dle Pennsylvanian to Lower Permian (Desmoinesian to
Leonardian); and the Coconino, White Rim, and De Chelly
Sandstones and the Schoolhouse and Fryingpan Members of
the Maroon Formation are Lower Permian (Keefer and Van
Lieu, 1966; Mallory, 1967; Irwin and others, 1971; Baars,
1979; Fryberger and Koelmel, 1986; Johnson, 1989; Johnson
and others, 1990; Love and others, 1993.) Together, the vari-
ously named sandstone formations comprise a single, time-
transgressive sequence that becomes progressively younger
from north to south.

Component geologic units in the Weber-De Chelly zone
thicken and thin more or less independently (pl. 16). The Ten-
sleep Sandstone thickens from less than 200 ft to more than 700
ft concentrically toward the vicinity of Rock Springs, Wyo.
The Wells Formation is about 300 ft thick at the eastern edge
of the Overthrust Belt in Wyoming. On the basis of interpola-
tion between data from boreholes in the UCRB and the type
section of the Weber Sandstone in the Wasatch Range north-
west of Salt Lake City, Utah, the Wells Formation appears to
thicken westward to about 1,000 ft at the surface-water divide
between the UCRB and the Basin and Range province. The
Schoolhouse and Fryingpan Members of the Maroon Forma-
tion, together with the Weber Sandstone, comprise a deposi-
tional sequence that thickens westward from O ft in the Eagle
Basin and Glenwood Springs areas of Colorado to about 1,600
ft in the western Uinta Mountains. Interpolation between out-
crops in the western Uinta Mountains (Huddle and McCann,
1947b; Huddle and others, 1951) and an outcrop north of the
Charleston Thrust Fault (Baker, 1964) indicates that the Weber
Sandstone may be as much as 4,000 ft thick at the UCRB-
Basin and Range divide west of Strawberry Valley. The White
Rim Sandstone increases in thickness westward from O ft on the
west side of the Monument Upwarp to more than 1,000 ft in the
Capitol Reef-San Rafael Swell area. The De Chelly Sandstone
is less than 200 ft thick in the Kaibito, Blanding, Paradox, and
San juan Basins, but thickens concentrically toward the Black
Mesa Basin, where it is more than 1,000 ft thick. The Coconino
Sandstone thins northward from about 600 ft in the eastern
Grand Canyon to less than 100 ft in the Lees Ferry area of
Arizona and probably pinches out in the southern Kaiparowits
Basin (Hunt and others, 1953, p. 46).

Rocks comprising the Weber—De Chelly zone are missing in
much of the study area south of the White River, east of the
Green and Colorado Rivers, and north of the San Juan River.
Geographic areas where the hydrogeologic unit is thin to absent
include the Park Range, Gore Range, Front Range, White River
Plateau, Elk Mountains, southern Piceance Basin, Uncompah-
gre Plateau, San Juan Mountains, northern and eastern Paradox
Basin, and Monument Upwarp.
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COMPONENT GEOLOGIC UNITS

In the Overthrust Belt and western Green River Basin of
Wyoming, rocks comprising the Weber—De Chelly zone are as-
signed to the Wells Formation. The Wells Formation (fig. 41)
consists of massively bedded, light-gray, tan, and pink, quartz-
itic, fine-grained, quartz sandstone with thin interbeds of fine-
grained dolomite and limestone and dark-gray mudstone
(Wanless and others, 1955, p. 34-35; Oriel, 1969, p. 8; Rubey
and others, 1975, p. 3). Generally less than 20 ft thick, the
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FIGURE 41.—Normal fault in the upper
plate of the Darby Thrust Fault
exposed by the Snake River as it cuts
through the Salt River Range at
Astoria Hot Springs, southwest of
Jackson, Wyo. The Pennsylvanian
and Permian Wells Formation on the
right has been uplifted against the
Permian Phosphoria Formation and
Triassic Dinwoody Formation on the
left (downstream) side of the fault.
This interpretation is based in part on
written communication from James A.
Peterson of the University of Montana
(1988).

FIGURE 42.—Pennsylvanian Tensleep
Sandstone overlain by interbedded
carbonate rocks and sandstone of the
Permian Park City Formation, east
flank of Wind River Mountains, north-
west of Dubois, Wyo.

carbonate intervals thicken and become more numerous west-
ward, and comprise as much as 30 percent of the formation at
the UCRB-Basin and Range divide.

The Wells Formation grades into the Tensleep Sandstone
along an axis of thinning that extends longitudinally through
the western Green River Basin. The Tensleep Sandstone (fig.
42) consists of crossbedded, light-gray, tan, and white, fine-
grained, friable to quartzitic or calcareous, quartz sandstone
with thin interbeds of chert and fine-grained dolomite and lime-
stone (Foster, 1947, p. 1558; Gudim, 1956, p. 70; Berry, 1960,
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p- 15; Keefer and Van Lieu, 1966, p. 40; Mallory, 1967, p. 21).
The carbonate layers, which comprise as much as 20 percent of
the formation, are concentrated in the lower part; they generally
are less than 10 ft thick and either pinch out laterally or grade
into sandstone.

South of the Green River and Washakie Basins, the Tensleep
Sandstone and Wells Formation thin and grade into the Weber
Sandstone (fig. 43). In the western Uinta Mountains and Uinta
Basin, the Weber Sandstone is a marine deposit consisting of
light-gray and white, fine-grained, friable to quartzitic or cal-
careous, quartz sandstone with thin interbeds of fine-grained,
finely crystalline, and sandy limestone and dolomite, and ma-
roon, brown, and gray siltstone and mudstone (Huddle and
McCann, 1947b; Fryberger and Koelmel, 1986). Generally
less than 30 ft thick, the carbonate intervals thicken and be-
come more numerous southward, and comprise as much as 30
percent of the formation in the western Uinta Basin and Wa-
satch Plateau. In the vicinity of the Whiterocks River, marine
beds interfinger with and grade into an eolian facies of the We-
ber Sandstone (fig. 44), which consists of massively crossbed-
ded, light-gray, tan, and white, fine- to medium-grained, friable
to quartzitic or calcareous, quartz sandstone (Untermann and
Untermann, 1954, p. 36; Kinney, 1955, p. 46; Ritzma, 1959, p.
26; Hansen, 1965b, p. 49).

North and west of the White River Plateau, the Weber Sand-
stone either terminates abruptly against the Maroon Formation
(Johnson and others, 1990) or, as depicted in figure 44, thins
and grades into eolian and fluvial beds that intertongue with the
Maroon Formation and gradually lose their identity in the east-
ern Eagle Basin (Fryberger and Koelmel, 1986). The upper-
most tongue of this eolian/fluvial sequence traditionally has
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FIGURE 43.—Northeast-dipping beds of
Pennsylvanian and Permian Weber
Sandstone in Irish Canyon, Colo., at
the eastern end of the Uinta Moun-
tains. The full thickness of the forma-
tion is exposed. (In the left foreground
is an outcrop of cherty limestone and
sandstone of the Pennsylvanian
Morgan Formation.)

been called the Schoolhouse Tongue of the Weber Sandstone
(Maughan, 1980), based on the interpretation that it represents
a natural transition from the dune fields farther west to the al-
luvial fan deposits of the Maroon Formation. The natural tran-
sition is caused by increasing proximity to the source of the
sediment, the ancestral Rocky Mountains. The Schoolhouse
Tongue, which has a maximum thickness of about 220 ft, con-
sists of planar to crossbedded, yellowish-gray, gray, and white,
fine- to coarse-grained, calcite- or quartz-cemented, commonly
petroliferous, subarkosic to arkosic sandstone with micaceous
intervals and interbeds of greenish-gray and red shale (Brill,
1944; Hallgarth, 1959; Bass and Northrop, 1963; Fryberger and
Koelmel, 1986). On the basis of extensive field work and pet-
rological examination, Johnson and others (1990) concluded
that the Schoolhouse Tongue differed from red eolian deposits
near the top of the Maroon Formation only in color. According
to Johnson and others (1990), the Schoolhouse Tongue and oth-
er tongues of light-colored sandstone near the top of the Ma-
roon Formation were originally red but were bleached by
hydrocarbons migrating from the Belden Formation up a fault
in the East Rifle Creek area and then laterally through the Ma-
roon Formation. Consequently, the Schoolhouse Tongue was
not to be considered an extension of the Weber dune field but
diagenetically altered Maroon Formation, and Johnson and oth-
ers (1990) renamed the Schoolhouse Tongue, the Schoolhouse
Member of the Maroon Formation. At the time of this writing
(1990), a consensus of opinion regarding the origin and naming
of the Schoolhouse rocks has not been reached.

In the Elk Mountains and southeastern White River Plateau,
a layer of crossbedded, light-brown and reddish-orange, very
fine grained to medium-grained quartz sandstone occurs
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EXPLANATION

Undifferentiated Mesozoic rocks

P
N

State Bridge Formation (Triassic and Permian)
—DMostly reddish brown siltstone and claystone

- Park City Formation (Permian)— Marine limestone,
L sandstone, and shale with phosphatic beds

Weber Sandstone (Permian and Pennsylvanian),
marine facies—Carbonate or quartz-cemented

quartz sandstone with limestone interbeds

Weber Sandstone, eolian facies—Light-colored
quartz sandstone with large-scale crossbedding

FEET
1,000

500

Permian light-colored, subarkosic to arkosic sandstone—Lower intervals
assigned to Maroon Formation. Uppermost interval called Schoolhouse
Member of Maroon Formation by Johnson and others (1990) or
Schoolhouse Tongue of Weber Sandstone by previous workers
(for example, Fryberger and Koelmel, 1986). Interpreted either as
Maroon sand sheets and fluvial interbeds bleached by hydrocarbons
(Johnson and others, 1990) or as the depositional edge of the
Weber dunefield (for example, Fryberger and Koelmel, 1986)

Main body of Maroon Formation (Permian and Pennsylvanian)
—Reddish-brown and reddish-orange sandstone, conglomerate,
and shale of eolian and fluvial origin

50

1
75 100 MILES

FIGURE 44.—Stratigraphic section showing facies changes within the Weber Sandstone and Maroon Formation in Utah and Colorade. Modified from
Fryberger and Koelmel (1986); location of section shown on plate 16.

between the Maroon Formation and typical reddish-brown silt-
stone beds of the State Bridge Formation. This sandstone,
which Freeman (1971) called the sandstone of the Fryingpan
River and included in the State Bridge Formation, has a maxi-
mum thickness of 400 ft. Johnson (1989) recognized that the
sandstone of the Fryingpan River is related more to eolian de-
posits near the top of the Maroon Formation, such as the
Schoolhouse Member, than to the coastal plain deposits that
typify the State Bridge Formation (Bryant and Martin, 1988)
and renamed the sandstone the Fryingpan Member of the Ma-
roon Formation. According to Johnson (1989), the Fryingpan
Member is the remnant of a dune field that accumulated against

an ancestral Sawatch Range. This dune field may have been as
much as 80 mi? in area, but its eastern half has been removed
by erosion. The current northern, western, and southern limits
of the Fryingpan Member are depositional pinchouts.

The Weber Sandstone grades into the White Rim Sandstone
along an axis of thinning extending from the southern end of
the Uinta Basin southwesterly to the Wasatch Plateau. In the
San Rafael Swell, Capitol Reef Fold and Fault Belt, and Circle
Cliffs Uplift, the White Rim Sandstone (called Coconino
Sandstone in some older U.S. Geological Survey reports) con-
sists of gray, tan, and white, massively crossbedded, friable to
carbonate-cemented, very fine grained to fine-grained quartz
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FIGURE 45.—Stratigraphic section showing relations among Permian formations in southeastern Utah. Location of section shown on plate 16.

sandstone (Gilluly, 1929; Gregory and Moore, 1931; Baker,
1946; Hunt and others, 1953; Smith and others, 1963; David-
son, 1967). To the east, in the Monument Upwarp, the White
Rim Sandstone generally is a white, pale-yellow, and light-
gray, crossbedded, fine-grained, friable to carbonate-cemented,
petroliferous, quartz sandstone (McKnight, 1940; Baker, 1946;
Hunt and others, 1953; Baars and Seager, 1970; Steele-Mal-
lory, 1982; Baars, 1987). At its depositional edge in the White
Canyon area of the Monument Upwarp, the White Rim Sand-
stone consists of pale-orange, silty sandstone and sandy silt-
stone (Thaden and others, 1964, p. 29).

South and west of the Circle Cliffs Uplift, the White Rim
Sandstone grades into interbedded carbonate rocks, sandstone,
shale, and anhydrite of the Permian Toroweap Formation and
ceases to be an identifiable unit (fig. 45). However, as the White
Rim Sandstone loses its identity, another sandstone body, the
Coconino Sandstone, appears beneath the Toroweap Formation
and thickens southward toward the Grand Canyon. A third
sandstone body in the area, the De Chelly Sandstone, underlies
and interfingers with the Coconino Sandstone and equivalent
strata from the Defiance Plateau to central Arizona. According
to Blakey (1979), the main body of the De Chelly Sandstone and

its equivalent in central Arizona, the Schnebly Hill Formation,
were deposited in a small basin centered about Holbrook, Ariz.
(location shown on pl. 1). With increasing aridity, progradation
of inland dunes across coastal beach areas and mud flats resulted
in accumulation of the Coconino Sandstone on top of the
Schnebly Hill Formation on the west side of the Holbrook Basin
and the Black Creek Member of the De Chelly Sandstone on the
east side of the Holbrook Basin (Blakey, 1979; Blakey and Mid-
dleton, 1987). The Schnebly Hill Formation and the Black
Creek Member of the De Chelly Sandstone do not extend into
the study area and are not discussed further.

The Coconino Sandstone, where it crops out in Marble
Canyon, the canyon of the Little Colorado River, and the Grand
Canyon (fig. 2) is a massively crossbedded, light-tan to yellow-
ish-gray, silica-cemented, fine- to medium-grained, quartz
sandstone (Noble, 1922, p. 66—67; Phoenix, 1963, p. 11). The
De Chelly Sandstone in the UCRB is distinguished from the
Coconino Sandstone mainly by a change to a predominantly
pale orange color. In Monument Valley and along Comb
Ridge, the De Chelly Sandstone (fig. 40) consists of crossbed-
ded, reddish-orange, pale-orange, tan, and gray, fine- to
medium-grained, friable to quartzitic or calcareous, quartz
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sandstone with red shale layers near the base that are transition-
al into the Organ Rock Shale (Baker, 1936; Gregory, 1938;
Mullens, 1960; Read and Wanek, 1961; Witkind and Thaden,
1963; O’Sullivan, 1965; Irwin and others, 1971; Blakey and
Baars, 1987). South of Canyon de Chelly in the Defiance Pla-
teau, the De Chelly Sandstone is split by an interval of red and
brownish-orange, calcareous siltstone and silty sandstone that
thickens southward and merges with the Supai Formation
(Read and Wanek, 1961, p. 4-6). Pierce (1964) termed this
interval the Oak Springs Member and the underlying and over-
lying sandstone intervals the Hunters Point and White House
Members. The Hunters Point Member consists of reddish-
orange, evenly bedded, silty quartz sandstone, whereas the
White House Member is slightly feldspathic but otherwise
identical to the De Chelly Sandstone of the Monument Upwarp
(Blakey, 1979, p. 123-124).

UPPER CONTACTS

Contacts between geologic units comprising the Weber-De
Chelly zone and overlying Permian and Triassic formations
generally are conformable but vary with the tectonic setting.
The Wells Formation grades laterally into the Grandeur Mem-
ber of the Phosphoria Formation (Peterson, 1984, p. 46). How-
ever, the Tensleep Sandstone generally is overlain
disconformably by the Permian Phosphoria and Park City For-
mations and the Permian and Triassic Goose Egg Formation
(Keefer and Van Lieu, 1966, p. 41; Mallory, 1967, p. 25). In
the Uinta Mountains, the Weber Sandstone is overlain grada-
tionally to disconformably by the Park City Formation
(Thomas and others, 1945; Huddle and McCann, 1947b;
Hansen, 1965b, p. 58). However, equivalents of the Weber
Sandstone in northwest Colorado, the Schoolhouse and Frying-
pan Members of the Maroon Formation, are overlain uncon-
formably by the Permian and Triassic State Bridge Formation
(Johnson, 1989; Johnson and others, 1990). On the west side
of its depositional area, the White Rim Sandstone generally is
overlain conformably to gradationally by either the Toroweap
or Kaibab Formation of Permian age (Gregory and Moore,
1931; Baker, 1946; Hunt and others, 1953; Smith and others,
1963; Davidson, 1967). In the San Rafael Swell, however, the
White Rim Sandstone is overlain unconformably by either the
Kaibab Formation (Welsh and others, 1979, p. 143) or, where
erosion has removed the Kaibab Formation, the Triassic Moen-
kopi Formation (Gilluly, 1929, p. 81; Hawley and others, 1965,
p- 17). East of where the Kaibab Formation terminates, the
White Rim Sandstone generally is overlain unconformably by
the Moenkopi Formation (Hunt and others, 1953, p. 45; Baars
and Seager, 1970, p. 714), but in the vicinity of the confluence
of the Green and Colorado Rivers, the White Rim Sandstone is
overlain conformably by red beds that have been interpreted as

" either Cutler Formation or Moenkopi Formation (Steele, 1987,
p. 5). On the Monument Upwarp and Defiance Plateau, the De
Chelly Sandstone is overlain disconformably but with
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- increasing hiatus southward by either the Hoskinnini Member

of the Moenkopi Formation or the Shinarump Member of the
Upper Triassic Chinle Formation (Mullens, 1960, p. 274-275;
Read and Wanek, 1961, pl. 2). High-angle crossbeds of the
Coconino Sandstone in the Lees Ferry area are truncated by
flat-lying beds of the Toroweap Formation (Phoenix, 1963, p.
12), but the contact between the two formations in Marble Can-
yon and the Grand Canyon generally is interpreted to be con-
formable (Beus and Lucchita, 1987, p. 7).

PARK CITY-STATE BRIDGE ZONE

The Park City—State Bridge zone of the Canyonlands aqui-
fer (pl. 17) consists of carbonate, clastic, and evaporite sedi-
ments deposited in a shallow sea, marginal restricted basins,
and coastal lowlands during a fifth and final Paleozoic marine
advance (Kent, 1972; Rascoe and Baars, 1972; Peterson,
1984). Component geologic units include the Kaibab, Tor-
oweap, Park City, and Phosphoria Formations; and Permian
parts of the Permian and Triassic Goose Egg and State Bridge
Formations (table 1 and pl. 5). Following McKelvey and oth-
ers (1959), the Park City, Phosphoria, and Goose Egg Forma-
tions in this report are named according to the prevailing rock
types that, in varying proportions, are common to all three
formations. Subdivisions of the Park City and Phosphoria
Formations are called “members.” Where members of either
formation extend into the other formation, they are called
“tongues.”

Permian and Triassic parts of the Goose Egg and State
Bridge Formations are distinguished by limestone intervals
that pinch out eastward. In the Goose Egg Formation, the up-
permost Permian horizon is the Ervay Limestone Member
(Maughan, 1980, p. 106; Peterson, 1984, p. 28). Where the
Ervay Limestone Member pinches out, it is impossible to
distinguish the Permian-Triassic boundary. Similarly, the top
of the Permian cannot be identified reliably in the State
Bridge Formation in the absence of the South Canyon Creek
Dolomite Member. In the absence of paleontological infor-
mation, the top of the Park City—State Bridge zone where ei-
ther the Goose Egg or State Bridge Formation comprises the
zone generally was chosen in this report as the stratigraphical-
ly highest carbonate interval present in measured surface sec-
tions and borehole logs. If no carbonate beds were present,
the entire Goose Egg or State Bridge Formation was assigned
to the Chinle-Moenkopi confining unit (of Freethey and
Cordy, 1991, table 1). Parts of the Goose Egg and State
Bridge Formations included in the Park City-State Bridge
zone, respectively, are called the lower part of the Goose Egg
Formation and lower part of the State Bridge Formation in
this report.

Abundant paleontological evidence (mainly brachiopods,
pelecypods, gastropods, cephalopods, scaphopods, fusulinids,
conularids, and conodonts) indicates that component geologic
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units in the Park City—State Bridge zone are entirely Permian
in age. The Park City and Phosphoria Formations are Lower
to Upper Permian (Leonardian to Guadalupian) according to
McKelvey and others (1959, p. 36-40) and Peterson (1984, p.
28). Similarly, the lower parts of the Goose Egg and State
Bridge Formations are Lower to Upper Permian (Bass and
Northrop, 1963, p. 47-49; Maughan, 1980, p. 106-109;
Peterson, 1984, p. 25). The Toroweap Formation is a Lower
Permian deposit, and the overlying Kaibab Formation is a
Lower to Upper Permian deposit (Hallgarth, 1967; Rascoe
and Baars, 1972). The Kaibab Formation becomes younger
from southwest to northeast, either as a result of northwesterly
onlap (Heylmun, 1958, p. 1800; Smith and others, 1963, p.
10) or southwesterly erosion (Baker, 1946, p. 52-53).

The Park City—State Bridge zone is restricted, because of
erosion or nondeposition, to the northern and western parts of
the UCRB (pl. 17). North of the Uinta Mountains, the Park
City and Phosphoria Formations thicken from less than 300 ft
on the Rock Springs Uplift to more than 500 ft in the Washakie
Basin and more than 600 ft in the Overthrust Belt. In the south-
ern Uinta Mountains and Uinta Basin, the Park City Formation
thickens westward from less than 100 ft on the Yampa Plateau
to about 550 ft at the UCRB-Basin and Range divide (below
the Charleston Thrust Fault). The Park City Formation also
thickens eastward from the Yampa Plateau and is more than
500 ft thick where it grades into the lower part of the State
Bridge Formation in the northwestern corner of the White Riv-
er Plateau. The lower part of the State Bridge Formation is
more than 400 ft thick in the northern White River Plateau but
becomes thinner in all directions away from this area. The
eastern equivalent of the Park City and Phosphoria Formations
in Wyoming, the lower part of the Goose Egg Formation,
generally is less than 300 ft thick. Equivalents of the Park City
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Formation, south of the San Rafael Swell, the Toroweap and
Kaibab Formations, thicken westward from O ft near the
Colorado and Green Rivers to about 800 ft in the High Plateaus
region.

COMPONENT GEOLOGIC UNITS

The lower part of the Goose Egg Formation comprises the
Park City—State Bridge zone from the vicinity of Steamboat
Springs, Colo., to north of the Rawlins Uplift in Wyoming,
along the northeastern edge of the study area. The lower part
of the Goose Egg Formation (fig. 46) consists of the Opeche
Shale, Minnekahta Limestone, Glendo Shale, Forelle Lime-
stone, Difficulty Shale, and Ervay Limestone Members (fig.
47). The carbonate members, which generally are interpreted
as tongues of the Park City Formation (Maughan, 1980; Peter-
son, 1984), typically are 6-22 ft thick; intervening shale
members typically range in thickness from 40 to 100 ft (Keefer
and Van Lieu, 1966, p. 49). Carbonate members in the Rawlins
Uplift typically consist of gray to purplish-gray, very fine
grained to crystalline limestone and shaly limestone (Berry,
1960, p. 67-68). Carbonate members in the northern Great
Divide Basin range from limestone to dolomite in composition
(Thomas, 1951, p. 35-36). Shale members in the Goose Egg
Formation typically consist of red and reddish-brown siltstone
and mudstone with thin layers of fine- to medium-grained
sandstone, gypsum, anhydrite, and carbonate rocks (Thomas,
1951, p. 35-36; Gudim, 1956, p. 70-71). In the Rawlins Uplift
and other areas at the western limits of the Goose Egg Forma-
tion, many of the shale layers are green or greenish gray (Berry,
1960, p. 16). Accompanying this color change, carbonate and
chert interbeds thicken and become more numerous. At Green

FIGURE 46.—Pennsylvanian Tensleep Sandstone and Permian to Triassic Goose Egg Formation dipping northeasterly in the upper plate of the Bell Springs
Thrust Fault, north of Rawlins, Wyo.
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FIGURE 47.—Stratigraphic section showing relations among Permian formations in southwestern Wyoming. Modified from McKelvey and others (1959)
based on reports by Richmond (1945), Foster (1947), Wanless and others (1955), Berry (1960), Keefer and Van Lieu (1966), and Peterson (1984);
location of section shown on plate 17.
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Mountain on the Sweetwater Arch, for example, carbonate and
chert layers comprise the upper fourth of the Goose Egg
Formation (Thomas, 1951, p. 36). )

From the southern Sand Wash Basin to the Elk Mountains,
strata equivalent to the lower part of the Goose Egg Forma-
tion arbitrarily are assigned to the lower part of the State
Bridge Formation. The lower part of the State Bridge Forma-
tion (fig. 48) includes the lower shale member and the South
Canyon Creek Dolomite Member. The lower shale member,
which makes up most of the lower part of the State Bridge
Formation, consists of thinly bedded, micaceous, limy silt-
stone and claystone with interbeds of fine- to medium-grained
sandstone that become coarser and more numerous southward
(Brill, 1944, p. 635; Donner, 1949, p. 1228-1229; Bass and
Northrop, 1963, p. 48-49; Freeman, 1971; Freeman and Bry-
ant, 1977; Maughan, 1980, p. 109). The lower shale member
typically is reddish brown, brownish red, and red but contains
yellow and greenish-gray intervals along its western margin,
from the vicinity of State Bridge, Colo., to the southwestern
White River Plateau. The South Canyon Creek Dolomite
Member, which is equivalent to the Franson Member of the
Park City Formation and the Forelle Limestone Member of
the Goose Egg Formation (Maughan, 1980), is 1-10 ft thick
in measured sections (Stewart and others, 1972b, p. 46-47).
The South Canyon Creek Dolomite Member consists of gray
and white, sandy and shaly, algal limestone and dolomite
(Brill, 1944, p. 635; Donner, 1949, p. 1228-1229; Bass and
Northrop, 1963, p. 48-49); where the member pinches out
east of Eagle, Colo.,, and south of the Fryingpan River
(Freeman and Bryant, 1977, p. 186), the lower and upper
shale members of the State Bridge Formation become
indistinguishable.
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FIGURE 48.—Permian lower part of the
State Bridge Formation underlain by
Permian Schoolhouse Member of the
Maroon Formation and overlain by
Mesozoic rocks on South Canyon
Creek west of Glenwood Springs,
Colo. S, Schoolhouse Member of
Maroon Formation; L, lower shale
member of State Bridge Formation;
SC, South Canyon Creek Dolomite
Member of State Bridge Formation.
U, upper shale member of State
Bridge Formation and Chinle Forma-
tion (Triassic); E, Entrada Sandstone
(Jurassic).

The Goose Egg and State Bridge Formations grade laterally
into the greenish-gray shale facies of the Park City Formation
(fig. 49). In drill holes and in surface sections described by
Brill (1944, p. 640-642), this facies predominantly consists of
dark-gray, greenish-gray, and olive-green gypsiferous siltstone
and mudstone with intervals of fine-grained sandstone, lime-
stone, and dolomite. Intervals of red and yellow shale and
sandstone persist from the Goose Egg and State Bridge Forma-
tions. This facies, on the basis of limited subsurface data,
appears to comprise most of the Park City Formation in the
Sand Wash, Washakie, and Great Divide Basins. On the south-
eastern flank of the Uinta Mountains, the facies comprises the
upper half of the formation (Untermann and Untermann, 1954,
p- 38; Schell and Yochelson, 1966; Hansen and others, 1983).
West of Dinosaur National Monument, the greenish-gray shale
facies becomes a tongue in the Franson Member of the Park
City Formation (fig. 49) and changes back into a predominantly
red siltstone and sandstone interval. This red-bed interval is
called the Mackentire Tongue of the Woodside Shale (Huddle
and others, 1951; Kinney, 1955, p. 49-51; McKelvey and
others, 1959, p. 34-35).

Over most of its extent, from the Uinta Mountains to the Uin-
ta Basin, the Park City Formation consists of three stratigraphic
intervals: the Grandeur Member, the Meade Peak Phosphatic
Shale Tongue of the Phosphoria Formation, and the Franson
Member (figs. 47, 49, 50). The Grandeur Member and Meade
Peak Phosphatic Shale Tongue successively pinch out eastward
from a line extending through the east-central Uinta Mountains
to the Rock Springs Uplift (Peterson, 1984, fig. 12). In the
Wind River Mountains and on the northern edge of the Green
River Basin, the Franson Member is overlain by the Tosi Chert
and Retort Phosphatic Shale Tongues of the Phosphoria
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FIGURE 49.—Stratigraphic section showing relations among Permian and Triassic formations in the Uinta Mountains and Wasatch Range, Utah.
Modified from McKelvey and others (1959, p. 14), based on reports by Huddle and others (1951), Cheney and others (1953), Untermann and
Untermann (1954), and Kinney (1955); location of section shown on plate 17.

Formation and the Ervay Limestone Member. According to
Peterson (1984), the Ervay Limestone Member also overlies
the Franson Member on the Rock Springs Uplift.

Except for tongues of the Phosphoria Formation and
Woodside Shale and the greenish-gray shale facies, the Park
City Formation predominantly consists of carbonate rocks and
subordinate sandstone layers (fig. 42). The Grandeur Member
consists of interbedded limestone, dolomite, and sandstone in
thin to massive beds (McKelvey and others, 1959, p. 12-15).
The limestone and dolomite layers are yellow, brown, black,
and gray, slightly phosphatic, commonly cherty, and
fossiliferous. The carbonate beds typically are sandy and grade
into sandstone (Huddle and McCann, 1947b; Hansen, 1965b, p.
52; McKelvey and others, 1959, p. 12). Sandstone layers typi-
cally are gray, brown, and light yellow, calcareous, cherty, fine

to coarse grained, and friable. The basal 5-15 feet of the Gran-
deur Member in the Wind River Mountains is a conglomerate
composed of siltstone, sandstone, quartzite, and chert clasts in
amatrix of limestone or sandstone (Keefer and Van Lieu, 1966,
p. 44). Carbonate and sandstone layers in the western Uinta
Mountains commonly are cavernous and brecciated (Huddle
and McCann, 1947b; Huddle and others, 1951).

The Franson Member consists of white, gray, brownish-
gray, and yellow limestone, dolomite, and subordinate sand-
stone in thin to massive beds (McKelvey and others, 1959, p.
15-19). The limestone and dolomite are vuggy, sandy to silty,
fine grained to crystalline, and fossiliferous; they commonly
contain chert nodules and are locally shaly. Sandstone layers
are fine to coarse grained, cherty, and calcareous. Interbeds of
dolomitic mudstone are present in some areas.
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The Ervay Limestone Member is mostly limestone in the
western part of the area and dolomite in the eastern part
(McKelvey and others, 1959, p. 19-20). It grades southward
into interbedded chert, shale, sandstone, and carbonate rocks of
the Tosi Chert Tongue of the Phosphoria Formation. It grades
westward into sandstone and chert of the Shedhorn Sandstone
(a facies equivalent to the Park City, Phosphoria, and Goose
Egg Formations that terminates in the northern Gros Ventre
Range, north of the UCRB).

The Park City Formation grades into the Phosphoria Forma-
tion in the western and northern Green River Basin, as shale
and chert intervals progressively predominate over carbonate
and sandstone intervals (fig. 50). The Phosphoria Formation in
the study area (fig. 41) consists of the Grandeur Tongue of the
Park City Formation, lower chert member, Meade Peak Phos-
phatic Shale Member, Franson Tongue of the Park City Forma-
tion, Rex Chert Member, Retort Phosphatic Shale Member, and
Tosi Chert Member (McKelvey and others, 1959, p. 20-31).
The Grandeur and Franson Tongues are thinner than but other-
wise similar to the Grandeur and Franson Members of the Park
City Formation. The lower chert member typically consists of
chert with subordinate amounts of carbonate rocks and mud-
stone. The Meade Peak Phosphatic Shale Member typically is
composed of fissile, dark-gray, black, and brown phosphatic to
limy mudstone with brown and gray, pelletal, oolitic, and nod-
ular phosphorite, chert, and dark-gray and black, cherty and
phosphatic carbonate rocks. South and east of the Overthrust
Belt in Wyoming, the Meade Peak Phosphatic Shale Member
gains carbonate and chert layers as it grades into the Grandeur
and Franson Tongues of the Park City Formation. The Rex
Chert Member, which extends no farther east than the western
part of the Overthrust Belt, consists of black, gray, and white

REGIONAL AQUIFER SYSTEM ANALYSIS—UPPER COLORADO RIVER BASIN

chert, carbonate rocks, and mudstone. At its eastern limit, the
Rex Chert Member grades laterally into the Franson Tongue
and Retort Phosphatic Shale Member. The Retort Phosphatic
Shale Member is similar to the Meade Peak Shale Member but
contains a greater proportion of shale to dolomite and phospho-
rite (McKelvey and others, 1959, p. 30). The Tosi Chert Mem-
ber predominantly consists of columnar chert, but interbeds of
dark-gray mudstone, sandstone, carbonate rocks, and phospho-
rite transitional into the Retort Phosphatic Shale Member and
Shedhorn Sandstone also are present.

At the southern end of the Uinta Basin, the Meade Peak
Phosphatic Shale Tongue of the Phosphoria Formation pinches
out, making distinction impossible between the Grandeur and
Franson Members of the Park City Formation (fig. 50). The un-
differentiated Park City Formation consists of cherty dolomite
and limestone with a few shale interbeds. In the San Rafael
Swell, equivalent strata are assigned to the Kaibab Formation.

From the San Rafael Swell south to the Kaiparowits Basin, a
sequence of interbedded light-yellow, white, gray, and tan
sandstone, sandy limestone and dolomite, shale, anhydrite, and
gypsum occurs between rocks typical of the White Rim Sand-
stone and Kaibab Formation. Geologists working in the area,
including Gilluly (1929), Gregory and Moore (1931), Baker
(1946), Hunt and others (1953), Smith and others (1963), and
Davidson (1967), alternately have assigned these rocks to ei-
ther the Coconino (White Rim) Sandstone or the Kaibab Lime-
stone (Formation). In the Kaibab Plateau, rocks of similar
mixed carbonate-clastic lithology occupying the same strati-
graphic position are assigned to the Toroweap Formation
(McKee, 1969, p. 39). In the northern Kaibab Platean and Lees
Ferry area, for example, the Toroweap Formation consists of
laterally discontinuous layers of red, reddish-brown, tan, white,

FIGURE 51.—Permian Kaibab Formation in
Marble Canyon, Ariz., a regional
discharge area for aquifers in the
Paleozoic rocks of the Upper Colorado
River Basin.
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and light-yellow, fine- to medium-grained, friable to limy sand-
stone, cherty limestone, and silty mudstone (Gregory and
Moore, 1931, p. 39; Phoenix, 1963, p. 12). Following Heyl-
mun (1958), the rocks of disputed nomenclature in this report
are assigned to the Toroweap Formation.

The Kaibab Formation (fig. 51) ranges from mostly lime-
stone and dolomite in uplifted areas to mostly dolomite in
structural basins. In the San Rafael Swell, the formation con-
sists of limestone with sandy layers that grade laterally into
limy sandstone (Gilluly, 1929, p. 82; Baker, 1946, p. 50-51;
Hunt and others, 1953, p. 46-47; Welsh and others, 1979, p.
145). In the Capitol Reef Fold and Fault Belt and Circle Cliffs
Uplift, carbonate layers similarly grade lateraily into sandstone
layers. However, many of the limestone beds have been dolo-
mitized, retaining a relict oolitic texture (Gregory and Moore,
1931, p. 42; Smith and others, 1963, p. 9; Davidson, 1967, p.
13-14). Lenses of gray shale occur in the Capitol Reef Fold
and Fault Belt, and partings of green, glauconitic sandstone oc-
cur in the Circle Cliffs Uplift. From the northern Kaibab Pla-
teau to the Lees Ferry area, the formation changes westward
from a sandy dolomitic limestone with thin shale interbeds in
the upper part to a crystalline limestone with sandstone and
shale layers near the base and top (Gregory and Moore, 1931,
p- 39; Phoenix, 1963, p. 13). In most uplifted areas, the Kaibab
Formation is characterized by asphalt-filled vugs. East of the
San Rafael Swell, Capitol Reef Fold and Fault Belt, Circle
Cliffs Uplift, and Kaibab Plateau—in the Henry Mountains and
Kaiparowits Basins—the formation mostly consists of dolo-
mite (Heylmun, 1958, p. 1800; Welsh and others, 1979, p.
146). Throughout its extent, the Kaibab Formation is charac-
terized by bedding ranging from inches to 10 ft in thickness, a
vuggy appearance, colors of gray, beige, tan, light yellow, and
white, and inclusions of chert (with calcite and quartz in some
areas) as layers, fragments, nodules, and geodes.

UPPER CONTACTS

Component geologic units in the Park City—State Bridge
zone are overlain conformably to unconformably by Triassic
formations composed mostly of shale. The contact between the
Phosphoria and Dinwoody Formations in the Overthrust Belt is
an unconformity (Wanless and others, 1955, p. 39). The Park
City Formation is overlain unconformably by the Dinwoody
Formation on the north slope of the Uinta Mountains (Hansen,
1965b, p. 64) but conformably in the Wind River Mountains
(Keefer and Van Lieu, 1966, p. 47). On the south slope of the
Uinta Mountains, the Woodside Shale and Moenkopi Forma-
tion conformably overlie and intertongue with the Park City
Formation (McKelvey and others, 1959, p. 19; Schell and
Yochelson, 1966, p. 67). Permian and Triassic members of the
State Bridge Formation were deposited without an intervening
erosional hiatus and, thus, are conformable (Freeman, 1971, p.
7). Permian and Triassic members of the Goose Egg
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Formation, however, are separated by an erosional hiatus
(Peterson, 1984, p. 28). The Kaibab Formation throughout its
depositional area is overlain unconformably by the Moenkopi
Formation. Except for channels as much as 25 ft deep in the
Lees Ferry area, this unconformity is barely discernible in the
Kaibab Plateau—Marble Platform region (Gregory and Moore,
1931, p. 45; Phoenix, 1963, p. 13; McKee, 1969, p. 47). From
the Circle Cliffs Uplift to the San Rafael Swell, however, the
erosional surface on top of the Kaibab Formation is hum-
mocky, contains channels as much as 100 ft deep and, in places,
completely cuts out the underlying unit (Gilluly, 1929, p. 82;
Baker, 1946, p. 51; Davidson, 1967, p. 13-15).

SUMMARY AND CONCLUSIONS

The Upper Colorado River Basin (UCRB) is situated in parts
of four physiographic provinces—the Middle Rocky Moun-
tains, Wyoming Basin, Southern Rocky Mountains, and Colo-
rado Plateaus. Within each physiographic province, numerous
uplifts and basins occur. Thrust faults and high-angle normal
and reverse faults are associated with many of the uplifts. Tec-
tonic activity has occurred repeatedly since the Precambrian.

Formations comprising all Paleozoic systems except the
Silurian are present in the UCRB. The Paleozoic rocks were
deposited during five major marine incursions. Thicknesses
range from O in the interiors of most uplifts to about 18,000 ft
in the Elk Mountains of Colorado. The Paleozoic rocks are at
or near land surface on the flanks of uplifts but are 2,500-
27,000 ft deep in structural basins.

The Paleozoic rocks are underlain by Precambrian igneous,
metamorphic, and sedimentary rocks. Cambrian to Mississip-
pian formations consist of limestone and dolomite with subor-
dinate sandstone, quartzite, and shale. Pennsylvanian and
Permian formations consist of sandstone, conglomerate, and
shale with subordinate carbonate rocks and locally thick inter-
vals of bedded evaporites. The Paleozoic rocks are overlain in
most areas by Triassic formations predominantly composed of
shale. In a few small areas, Jurassic sandstone or Tertiary
sandstone and shale overlie the Paleozoic rocks.

The Paleozoic rocks are divisible on the basis of lithologic
and hydrologic properties into 11 hydrogeologic units. The
basal unit, the Flathead aquifer, includes the Flathead Sand-
stone, lower part of the Lodore Formation, Sawatch Quartzite,
Ignacio Quartzite, Tapeats Sandstone, Tintic Quartzite, and
unnamed equivalents. Component geologic units decrease in
age from Early and Middle Cambrian on the west to Middle and
Late Cambrian on the east. The thickness of the Flathead
aquifer ranges from 0 to 800 ft. Regionally, almost the entire
thickness of the aquifer consists of quartzite and friable to
quartzitic sandstone. A basal conglomerate interval, a few feet
to more than 50 ft thick, is present throughout most of the area,
and the sandstone locally is conglomeratic. Carbonate rocks
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comprise 5-20 percent of the unit toward depositional centers,
particularly in northwestern Colorado, where the sandstone and
quartzite commonly are dolomitic. Shale layers occur with
increasing frequency toward the upper part of the unit and can
be nearly as abundant as sandstone and quartzite layers on the
southern and eastern edges of the region, where Cambrian
sandstone and shale formations are gradational. Formations in
the Flathead aquifer are underlain with slight to substantial
unconformity by Precambrian rocks and are overlain in most
areas conformably to gradationally by other Cambrian
formations. In some areas, such as the eastern Great Divide
Basin, the eastern Uinta Mountains, and the Sawatch Range,
component geologic units are overlain unconformably by
formations of Cambrian to Mississippian age.

Overlying the Flathead aquifer in most areas is the Gros
Ventre confining unit. The Gros Ventre confining unit includes
the Gros Ventre Formation, upper part of the Lodore Forma-
tion, Bright Angel Shale, Ophir Shale, and unnamed equiva-
lents. Component geologic units decrease in age eastward from
Early and Middle Cambrian to Late Cambrian. The thickness
of the Gros Ventre confining unit ranges from 0 to 1,100 ft.
Regionally, the Gros Ventre confining unit is composed of
claystone, siltstone, and sandy shale with subordinate interbeds
of sandstone, limestone, and dolomite. The sandstone
commonly is micaceous and glauconitic, but quartzitic layers
are present, particularly near the base and margins where
Cambrian shale formations grade into sandstone formations of
the underlying Flathead aquifer. At the margins of depositional
centers, the sandstone and shale tend to be present in subequal
amounts. Carbonate rocks progressively increase in abundance
toward depositional centers, where they can be nearly as
abundant as shale layers. In the northern UCRB, the Gros
Ventre confining unit is overlain unconformably in most areas
by formations of Cambrian to Mississippian age, but at the
eastern end of the Wind River Mountains, the Gros Ventre
Formation grades into the Cambrian Gallatin Limestone. In the
western Uinta Mountains and areas to the south and east in
Utah, Colorado, and Arizona, component geologic units
generally are overlain conformably to gradationally by other
Cambrian formations.

The third hydrogeologic unit in the Paleozoic sequence, the
Bighomn aquifer, includes the Gallatin Limestone, Dotsero
Formation, Peerless Formation, Muav Limestone, Maxfield
Limestone, Lynch Dolomite, Manitou Dolomite, Harding
Sandstone, Fremont Limestone, Bighorn Dolomite, and
unnamed equivalents. Component geologic units generally are
considered to be Middle Cambrian to Late Ordovician in age.
The thickness of the Bighorn aquifer ranges from 0 to 3,000 ft.
Regionally, the aquifer consists of limestone and dolomite with
subordinate shale layers and generally less than 5 percent sand-
stone layers. Cambrian carbonate rocks within the Bighomn
aquifer typically are glauconitic and oolitic and contain flat-
pebble or edgewise conglomerate layers; in the Four Corners
area, the Cambrian rocks are shaly. Ordovician carbonate
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rocks within the Bighorn aquifer can be granular, crystalline, or
fine grained, and the Manitou Dolomite tends to be siliceous.
Shale and sandstone layers comprise less than 20 percent of the
Bighorn aquifer and are most abundant toward the bottom and
margins of the unit, where component geologic units grade into
other Cambrian formations. In all areas, the upper surface of
geologic units comprising the Bighorn aquifer is an unconfor-
mity upon which Devonian and Mississippian rocks were
deposited.

The next hydrogeologic unit in the Paleozoic sequence, the
Elbert-Parting confining unit, includes the Darby, Parting,
Elbert, and Temple Butte Formations, and the Cottonwood
Canyon Member of the Lodgepole and Madison Limestones.
Component geologic units are Early Devonian to Early
Mississippian in Wyoming and Late Devonian in age
elsewhere. The thickness of the Elbert-Parting confining unit
ranges from O to 700 ft. Regionally, the Elbert-Parting
confining unit is characterized by highly variable proportions
of limestone, dolomite, sandstone, quartzite, shale, and
anhydrite. Generally, the Darby, Elbert, and Temple Butte For-
mations contain increasing thicknesses of carbonate rocks and
decreasing thicknesses of clastic rocks westward across the
UCRB, and the Parting Formation becomes more carbonaceous
toward the center of its depositional basin. In most areas, car-
bonate rocks comprise at least 50 percent of the confining unit.
Shale layers generally comprise at least one-third of the confin-
ing unit and locally exceed carbonate layers in abundance.
Sandstone and quartzite layers rarely comprise more than one-
third of the confining unit, but they predominate on the south-
eastern edge of the Darby—Cottonwood Canyon depositional
basin, on the northeastern edge of the Parting depositional
basin, and at the base of the Elbert Formation. Anhydrite layers
comprise as much as 10 percent of the Elbert-Parting confining
unit in the Overthrust Belt west of Kemmerer, Wyo. Compo-
nent geologic units in Wyoming and the Grand Canyon area are
overlain unconformably by Mississippian carbonates, whereas
the Elbert and Parting Formations generally are overlain con-
formably by formations of Devonian and Mississippian age.

Above the Elbert-Parting confining unit is the Madison
aquifer, which is divisible into two lithologically distinct zones,
the Redwall-Leadville zone and the Darwin-Humbug zone.
The Madison aquifer of the UCRB is an extension of the
Madison aquifer of the Northern Great Plains.

The Redwall-Leadville zone includes the Dyer Dolomite,
Ouray Limestone, Gilman Sandstone, Leadville Limestone,
and Redwall Limestone; the lower part of the Mission Canyon
Limestone; and the main bodies of the Lodgepole and Madison
Limestones. Component geologic units mostly are Late
Devonian to Late Mississippian in age. The thickness of the
Redwall-Leadville zone ranges from 0 to 2,500 ft. Limestone,
dolomite, and bedded and nodular chert comprise more than 95
percent of the Redwall-Leadville zone, with the proportion of
limestone to dolomite decreasing away from uplifted areas.
Regional tracing of stratigraphic markers between outcrops and
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boreholes indicates that limestone beds grade laterally into
dolomite beds, such that neither the proportions nor sequence
of limestone and dolomite can be used to establish contacts
between Devonian and Mississippian formations. Sandstone
and shale, concentrated in the interval between Devonian and
Mississippian carbonate deposits and at the top of the
Mississippian sequence, comprise 5-10 percent of the
Redwall-Leadville zone in areas interpreted to have been sites
of shallow marine or intermittently subaerial deposition. The
upper surface of the Redwall-Leadville zone is an
unconformity that progressively truncates older rocks from
west to east across the region.

Overlying the Redwall-Leadville zone in and near the Great
Divide Basin, the north flank of the Wind River Mountains, the
Gros Ventre Range, the Overthrust Belt, the Uinta Mountains,
and the Uinta Basin is the Darwin-Humbug zone. The Darwin-
Humbug zone includes the Humbug Formation, the Bull Ridge
Member of the Madison Limestone, the upper (evaporitic) part
of the Mission Canyon Limestone, and the Darwin Sandstone
Member of the Amsden Formation. Component geologic units
are Early and Late Mississippian in age. The thickness of the
Darwin-Humbug zone ranges from 0 to 800 ft. Characteristi-
cally, the hydrogeologic unit consists of variable proportions of
carbonate rocks, sandstone, shale, gypsum, and solution
breccia. Carbonate rocks comprise more than 75 percent of the
-‘Darwin-Humbug zone in the centers of depositional areas.
Sandstone layers increase in abundance away from depositional
centers as carbonate layers decrease. Carbonate layers typically
are brecciated, and sandstone layers are brecciated in the west-
ern part of the area. Gypsum layers are abundant at the northern
end of the Hoback Range in Wyoming. Contacts with Missis-
sippian and Pennsylvanian formations that comprise the over-
lying Four Corners confining unit generally are conformable.

The Four Comers confining unit is divisible upward into the
Belden-Molas and Paradox-Eagle Valley subunits. The
Belden-Molas subunit includes the Horseshoe Shale Member
of the Amsden Formation, the Doughnut Shale, the Molas,
Belden, Watahomigi, and Surprise Canyon Formations, and the
lower member of the Hermosa Formation. Component
geologic units are Late Mississippian to Middle Pennsylvanian
and become younger from west to east across the area. The
Belden-Molas subunit consists of as much as 4,300 ft of dark-
gray, black, and red shale with subordinate limestone,
dolomite, sandstone, and minor evaporite layers. In most areas,
shale comprises 50 to more than 75 percent of the Belden-
Molas subunit. However, in the Washakie Basin and deposi-
tional centers south of the Uinta Mountains and Axial Basin
Arch, limestone and dolomite layers can equal or exceed shale
layers in abundance and locally comprise more than 75 percent
of the subunit. Sandstone layers comprise about one-third of
the Belden-Molas subunit where it thins on the flanks of
uplifted areas. Contacts with overlying geologic units of Late
Mississippian to Pennsylvanian age generally are conformable
to gradational.
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In most areas, the Belden-Molas subunit is overlain by the
Paradox-Eagle Valley subunit, which includes the Moffat Trail
Limestone Member of the Amsden Formation, the Round
Valley Limestone, the Eagle Valley Evaporite, the Paradox
Member of the Hermosa Formation, and the Manakacha
Formation. Component geologic units are Late Mississippian
to Middle Pennsylvanian in age and become younger in a
south-southeasterly direction. The thickness of the Paradox—
Eagle Valley subunit ranges from 0 to more than 9,000 ft,
except in small areas of the Paradox Basin where salt diapirs as
much as 15,000 ft thick are present. Regionally, the Paradox—
Eagle Valley subunit consists of varying proportions of
limestone, dolomite, shale, sandstone, anhydrite (or gypsum),
and halite. Anhydrite, halite, shale, and minor carbonate rocks
are the dominant lithologies in and near the Paradox and Eagle
Basins. This hypersaline facies grades outward into a
penesaline facies composed of limestone, dolomite, shale,
anhydrite, and sandstone, which, in turn, grades into a marine-
shelf facies composed of limestone and dolomite with subordi-
nate shale and minor sandstone. The marine-shelf facies
predominates from the Uinta and Sand Wash Basins to the
porthern edge of the study area. On the southern edge of the
study area a facies consisting of red shale and sandstone,
subordinate carbonate rocks, and minor anhydrite predomi-
nates. Contacts between component geologic units and forma-
tions in the overlying Canyonlands aquifer generally are
gradational to disconformable.

The Canyonlands aquifer, in ascending order, consists of the
Cutler-Maroon, Weber-De Chelly, and Park City—State Bridge
zones. Each of these zones has distinct lithologic and hydro-
logic properties.

The Cutler-Maroon zone of the Canyonlands aquifer
includes the Ranchester Limestone Member of the Amsden
Formation, upper member of the Hermosa Formation, Rico
Formation, Gothic Formation, Minturn Formation, Morgan
Formation, the main body of the Maroon Formation, Cutler
Formation, Halgaito Shale, Elephant Canyon Formation, Ce-
dar Mesa Sandstone, Organ Rock Shale, Supai Formation,
Wescogame Formation, Esplanade Sandstone, and Hermit
Shale. Component geologic units are Early Pennsylvanian to
Late Permian and become younger in a south-southwesterly
direction. Regionally, the Cutler-Maroon zone consists of as
much as 16,500 ft of sandstone, conglomerate, shale, lime-
stone, dolomite, and gypsum-anhydrite. = Sandstone and
conglomerate generally make up 50 to more than 75 percent
of the Cutler-Maroon zone within and adjacent to uplifted ar-
eas on the east, south, and west. The sandstone in these areas
predominantly is red, arkosic, micaceous, coarse grained, and
friable; most of the interbeds are siltstone or mudstone; car-
bonate intervals are thin and sparsely distributed. Away from
these uplifts, the rocks become predominantly gray, green,
tan, and pink; arkosic sandstone layers become finer grained,
more indurated, and less numerous; quartz sandstone intervals
thicken and predominate over arkosic intervals; siltstone and
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mudstone intervals thicken and equal or exceed sandstone in
abundance; limestone and dolomite intervals thicken and
comprise as much as 45 percent of the rock material; thin
gypsum or anyhdrite beds occur locally. In northern and
central parts of the study area, the Cutler-Maroon zone
consists of limestone and dolomite with subordinate shale
interbeds, generally less than 25 percent sandstone interbeds,
and, locally, minor interbeds of gypsum or anhydrite. Con-
tacts between component geologic units and overlying Penn-
sylvanian and Permian rocks generally are conformable to
gradational, but local unconformities exist. In southeastern
Utah east of the Monument Upwarp and in western Colorado
south of the Piceance Basin, component geologic units of the
Cutler-Maroon zone generally are the youngest Paleozoic
rocks and are overlain conformably to unconformably by
Mesozoic rocks.

The middle division of the Canyonlands aquifer, the Weber—
De Chelly zone, includes the Wells Formation, Tensleep Sand-
stone, Weber Sandstone, White Rim Sandstone, Coconino
Sandstone, De Chelly Sandstone, and the Schoolhouse and
Fryingpan Members of the Maroon Formation. Component
geologic units decrease in age southward from Middle and Late
Pennsylvanian to Late Permian. Over most of the study area,
the Weber—De Chelly zone consists of as much as 4,000 ft of
light-colored, quartz sandstone with generally thin interbeds of
siltstone, mudstone, limestone, dolomite, and anhydrite that
comprise no more than 10 percent of the thickness of the zone.
However, carbonate rocks constitute 10-30 percent of the
Weber-De Chelly zone on the western edge of the UCRB, from
the Wasatch Plateau north to the Overthrust Belt, and in parts
of the Green River and Great Divide Basins. Shale layers
constitute as much as 30 percent of the Weber~De Chelly zone
near its eastern and western depositional edges in Colorado,
Utah, and New Mexico. Contacts between component
geologic units and overlying formations of Permian and
Triassic age are gradational to unconformable.

The uppermost zone within the Canyonlands aquifer, the
Park City—State Bridge zone, is present only in the northern and
western parts of the UCRB. It includes the Kaibab, Toroweap,
Park City, and Phosphoria Formations and the lower (Permian)
parts of the Goose Egg and State Bridge Formations. Compo-
nent geologic units decrease in age from Early to Late Permian
southward. The thickness of the Park City—State Bridge zone
ranges from O to 800 ft. In Wyoming and northwestern Colo-
rado, a facies consisting of red shale with subordinate sand-
stone, gypsum-anhydrite, limestone, and dolomite grades
westward into a depositional sequence consisting of varying
proportions of limestone, dolomite, greenish-gray to black
shale, phosphatic shale, phosphorite, chert, and sandstone. To
the south, in Utah and Arizona, the shale and phosphatic inter-
vals pinch out, and gypsum-anhydrite layers locally comprise
5-30 percent of the Park City—State Bridge zone. Component
geologic units in the Park City—State Bridge zone are overlain
conformably to unconformably by Triassic formations.

REGIONAL AQUIFER SYSTEM ANALYSIS—UPPER COLORADO RIVER BASIN

SELECTED REFERENCES

Abrassart, C.P.,, and Clough, G.A., 1955, Juniper Mountain area, Colorado,
in Ritzma, H.R., and Oriel, S.S., eds., Guidebook to the geology of
northwest Colorado: Salt Lake City, Utah, Intermountain Association
of Petroleum Geologists Sixth Annual Field Conference Guidebook, p.
63~—70.

Anderman, G.G., 1956, Subsurface stratigraphy of the pre-Middle Niobrara
formations in the Green River Basin, Wyoming, in Wyoming stratigra-
phy: Casper, Wyo., Wyoming Geological Association, p. 49—68.

Armstrong, A.K., and Mamet, B.L., 1976, Biostratigraphy and regional
relations of the Mississippian Leadville Limestone in the San Juan
Mountains, southwestern Colorado: U.S. Geological Survey Profes-
sional Paper 985, 25 p.

Armstrong, F.C., and Oriel, S.S., 1965, Tectonic development of Idaho-
Wyoming thrust belt, in Peterson, J.A., ed., Rocky Mountain sedimen-
tary basins: American Association of Petroleum Geologists Bulletin,
v. 49, no. 11, p. 1847—1866.

Baars, D.L., 1958, Cambrian stratigraphy of the Paradox Basin region, in
Sanborn, A.E, ed., Guidebook to the geology of the Paradox Basin:
Salt Lake City, Utah, Intermountain Association of Petroleum
Geologists Ninth Annual Field Conference Guidebook, p. 93—101.

1962, Permian system of Colorado Plateau: American Association

of Petroleum Geologists Bulletin, v. 46, no. 2, p. 149—218.

1972, Devonian system, in Mallory, W.W., ed., Geologic atlas of the

Rocky Mountain region: Denver, Colo., Rocky Mountain Association

of Geologists, p. 90—99.

1979, The Permian system, in Baars, D.L., ed., Permianland: Farm-

ington, N. Mex., Four Corners Geological Society, Ninth Field Confer-

ence Symposium Guidebook, p. 1—6.

1983, The Colorado Plateau—A geologic history: Albuquerque, N.

Mex., University of New Mexico Press, 279 p.

1987, Late Paleozoic-Mesozoic stratigraphy, Hite region, Utah, in
Beus, S.S., ed., Centennial Field Guide, Volume 2— Rocky Mountain
Section: Boulder, Colo., Geological Society of America, p. 281—286.

Baars, D.L., and Doelling, H.H., 1987, Moab salt-intruded anticline, east-
central Utah, in Beus, S.S., ed., Centennial Field Guide, Volume 2—
Rocky Mountain Section: Boulder, Colo., Geological Society of
America, p. 275~280.

Baars, D.L., Ellingson, J.A., and Spoelhof, R.W., 1987, Grenadier fault
block, Coalbank to Molas Passes, southwest Colorado, in Beus, S.S.,
ed., Centennial Field Guide, Volume 2—Rocky Mountain Section:
Boulder, Colo., Geological Society of America, p. 343—348.

Baars, D.L., and Knight, R.L., 1957, Pre-Pennsylvanian stratigraphy of the
San Juan Mountains and Four Corners area, in Kottlowski, FE., ed.,
Guidebook of southwestern San Juan Mountains: Roswell, N. Mex.,
New Mexico Geological Society Eighth Field Conference Guidebook,
p. 108—131.

Baars, D.L., Morrison, J.A., and Gustafson, V.0., 1960, Stratigraphic
nomenclature of the northern Paradox Basin, in Smith, K.G., ed.,
Geology of the Paradox Basin fold and fault belt: Farmington, N.
Mex., Four Corners Geological Society Third Field Conference Guide-
book, p. 26—30, chart in pocket.

Baars, D.L. and Seager, WR., 1970, Stratigraphic control of petroleum in
White Rim Sandstone (Permian) in and near Canyonlands National
Park, Utah: American Association of Petroleum Geologists Bulletin,
v. 54, no. 5, p. 709—718.

Baars, D.L., and Stevenson, G.M., 1981, Tectonic evolution of western Col-
orado and eastern Utah, in Epis, R.C., and Callender, J.F, eds., West-
emn Slope Colorado—Western Colorado and eastern Utah: Socorro,
N. Mex., New Mexico Geological Society Thirty-second Field Confer-
ence Guidebook, p. 105—112.

Baker, A.A., 1933, Geology and oil possibilities of the Moab district, Grand
and San Juan Counties, Utah: U.S. Geological Survey Bulletin 841,95 p.




GEOLOGY OF PALEOZOIC ROCKS, UPPER COLORADO RIVER BASIN

1936, Geology of the Monument Valley—Navajo Mountain Region,
San Juan County, Utah: U.S. Geological Survey Bulletin 865, 106 p.
1946, Geology of the Green River Desert—Cataract Canyon region,
Emery, Wayne, and Garfield Counties, Utah: U.S. Geological Survey
Bulletin 951, 122 p.

1964, Geology of the Aspen Grove quadrangle, Utah: U.S. Geologi-

cal Survey Geologic Quadrangle Map GQ-239, scale 1:24,000.

1972, Geologic map of the Bridal Veil Falls quadrangle, Utah: U.S.

Geological Survey Geologic Quadrangle Map GQ-998, scale 1:24,000.

1973, Geologic map of the Springville quadrangle, Utah County,

Utah: U.S. Geological Survey Geologic Quadrangle Map GQ-1103,

scale 1:24,000.

1976, Geologic map of the west half of the Strawberry Valley quad-
rangle, Utah: U.S. Geological Survey Miscellaneous Investigations
Map I-931, scale 1:63,360.

Baker, A.A., and Crittenden, M.D., Jr., 1961, Geology of the Timpanogos
Cave quadrangle, Utah: U.S. Geological Survey Geologic Quadrangle

~ Map GQ-132, scale 1:24,000.

Barlow, J.A. Jr., 1951, Correlation of south-central Wyoming, in Brinker,
W.E, and Blackstone, D.L., Jr,, eds., South-central Wyoming: Casper,
Wyo., Wyoming Geological Association Sixth Annual Field Confer-
ence Guidebook, p. 134.

Barnes, Harley, 1953, Geology of the Ignacio area, La Plata and Archuleta
Counties, Colorado: U.S. Geological Survey Oil and Gas Investiga-
tions Map OM-138, scale 1:63,360.

Barnes, Harley, Baltz, E.H. Jr., and Hayes, P.T., 1954, Geology and fuel
resources of the Red Mesa area, La Plata and Montezuma Counties,
Colorado: U.S. Geological Survey Oil and Gas Investigations Map
OM-149, scale 1:62,500.

Barrett, J. K., and Pearl, R.H., 1977, An appraisal of Colorado’s geothermal
resources: Colorado Geological Survey Final Technical Report, 290 p.

Bartleson, Bruce, 1972, Permo-Pennsylvanian stratigraphy and history of the
Crested Butte-Aspen region, in De Voto, R.H., ed., Paleozoic stratigra-
phy and structural evolution of Colorado: Colorado School of Mines
Quarterly, v. 67, no. 4, p. 187—248.

Bass, N.W., 1958, Pennsylvanian and Permian rocks in the southern half of
the White River uplift, Colorado, in Curtis, Bruce, ed., Symposium on
Pennsylvanian rocks of Colorado and adjacent areas: Denver, Colo,,
Rocky Mountain Association of Geologists, p. 91—94.

Bass, N.W., Eby, J.B., and Campbell, M.R., 1955, Geology and mineral
fuels of parts of Routt and Moffat Counties, Colorado: U.S. Geologi-
cal Survey Bulletin 1027-D, p. 143—250.

Bass, N.-W., and Northrop, S.A., 1963, Geology of the Glenwood Springs
quadrangle and vicinity, northwestern Colorado: U.S. Geological
Survey Bulletin 1142-J, 74 p.

Benson, A.L., 1966, Devonian stratigraphy of western Wyoming and
adjacent areas: American Association of Petroleum Geologists Bulle-
tin, v. 50, no. 12, p. 2566—2603.

Bergendahl, M.H., and Koschmann, A.H., 1971, Ore deposits of the
Kokomo-Tenmile district, Colorado: U.S. Geological Survey Profes-
sional Paper 652, 53 p.

Berry, D.W.,, 1960, Geology and ground-water resources of the Rawlins
area, Carbon County, Wyoming: U.S. Geological Survey Water-Supply
Paper 1458, 74 p.

Beus, S.S., and Lucchitta, Ivo, 1987, Field trip guide for Marble Canyon
and eastern Grand Canyon, in Davis, G.H., and Vanden Dolder, EM.,
eds., Geologic diversity of Arizona and its margins—Excursions to
choice areas: Tucson, Ariz., Arizona Bureau of Geology and Mineral
Technology, Geological Survey Branch, Special Paper 5, p. 3—19.

Billingsley, G.H., and Beus, S.S., 1985, The Surprise Canyon Formation—
An Upper Mississippian and Lower Pennsylvanian rock unit in the
Grand Canyon, Arizona: U.S. Geological Survey Bulletin 1605-A, p.
27-33.

Billingsley, G.H., Hendricks, J.D., and Lucchitta, Ivo, 1987, Field guide to
the lower Grand Canyon, from Peach Springs to Pierce Ferry, Arizona,

ATT

in Davis, G.H., and Vanden Dolder, EM., eds., Geologic diversity of
Arizona and its margins—Excursions to choice areas: Tucson, Ariz.,
Arizona Bureau of Geology and Mineral Technology, Geological Sur-
vey Branch, Special Paper 5, p. 20—38.

Bissell, HJ., 1952, Stratigraphy and structure of northeast Strawberry Valley
quadrangle, Utah: American Association of Petroleum Geologists
Bulletin, v. 36, no. 4, p. 575—634.

Blackstone, D.L., Jr., 1977, The overthrust belt salient of the Cordilleran
fold belt western Wyoming—southeastern Idaho-northeastern Utah, in
Heisey, E.L., Lawson, D.E., Norwood, E.R., Wach, PH., and Hale,
L.A., eds., Rocky Mountain thrust belt geology and resources: Casper,
Wyo., Wyoming Geological Association Twenty-ninth Annual Field
Conference Guidebook, p. 367—384.

Blackstone, D.L., Jr., and DeBruin, R.H., 1987, Tectonic map of the over-
thrust belt, western Wyoming, northwestern Utah, and southeastern
Idaho, showing oil and gas fields and exploratory wells in the over-
thrust belt and adjacent Green River basin: Geological Survey of
Wyoming Map Series 23, scale 1:316,800.

Blakey, R.C., 1979, Lower Permian stratigraphy of the southern Colorado
Plateau, in Baars, D.L., ed., Permianland: Farmington, N. Mex., Four
Corners Geological Society Ninth Field Conference Symposium
Guidebook, p. 115—129.

Blakey, R.C., and Baars, D.L., 1987, Monument Valley and Utah, in Beus,
S.S., ed., Centennial Field Guide, Volume 2—Rocky Mountain Section:
Geological Society of America, p. 361—364.

Blakey, R.C., and Middleton, L.T., 1987, Late Paleozoic depositional sys-
tems, Sedona-Jerome area, central Arizona, in Davis, G.H., and Vanden
Dolder, EM.,, eds., Geologic diversity of Arizona and its margins—
Excursions to choice areas: Tucson, Ariz., Arizona Bureau of Geology
and Mineral Technology Special Papers, p. 143—157.

Bloom, D.N., 1961, Devonian and Mississippian stratigraphy of central and
northwestern Colorado, in Berg, R.R., and Rold, J.W., eds., Sympo-
sium on lower and middle Paleozoic rocks of Colorado: Denver,
Colo., Rocky Mountain Association of Geologists Twelfth Field Con-
ference Guidebook, p. 25—35.

Boggs, Sam, Jr., 1966, Petrology of the Minturn Formation, east-central
Eagle County, Colorado: American Association of Petroleum Geolo-
gists Bulletin, v. 50, no. 7, p. 1399—1422.

Bradley, W.H., 1945, Geology of the Washakie Basin, Sweetwater and
Carbon Counties, Wyoming, and Moffat County, Colorado: U.S. Geo-
logical Survey Oil and Gas Investigations Preliminary Map OM-32,
scale 1:190,000.

Branson, E.B., and Branson, C.C., 1941, Geology of the Wind River
Mountains, Wyoming: American Association of Petroleum Geologists
Bulletin, v. 25, no. 1, p. 120—151.

Brill, K.G. Jr,, 1942, Late Paleozoic stratigraphy of the Gore area, Colorado:
American Association of Petroleum Geologists Bulletin, v. 26, no. 8, p.
1375—1397.

1944, Late Paleozoic stratigraphy, west-central and northwestern
Colorado: Geological Society of America Bulletin, v. 55, no. 5, p.
621—655.

Bryant, Bruce, 1979, Geology of the Aspen 15-minute quadrangle, Pitkin
and Gunnison Counties, Colorado: U.S. Geological Survey Profes-
sional Paper 1073, 146 p.

1988, Geology of the Farmington Canyon Complex, Wasatch Moun-
tains, Utah: U.S. Geological Survey Professional Paper 1476, 54 p.
Bryant, Bruce, and Freeman, V.L., 1977, Geologic summary of the Aspen
area, southern rocky Mountains, Colorado, in Veal, H.K., ed., Explora-
tion frontiers of the central and southern Rockies: Deuver, Colo.,

Rocky Mountain Association of Geologists, p. 441—449.

Bryant, Bruce, and Martin, PL., 1988, The geologic story of the Aspen
region—Mines, glaciers, and rocks: U.S. Geological Survey Bulletin
1603, 53 p.




AT8

Bush, A.L., Bromfield, C.S., and Pierson, C.T., 1959, Areal geology of the
Placerville quadrangle, San Miguel Couhty, Colorado: U.S. Geological
Survey Bulletin 1072-E, p. 299—384.

Bush, A.L., Marsh, O.T., and Taylor, R.B., 1960, Areal geology of the Little
Cone quadrangle, Colorado: U.S. Geological Survey Bulletin 1082-G,
p. 423—492.

Campbell, J.A., 1972, Lower Paleozoic systems, White River Plateau, in De
Voto, RH., ed., Paleozoic stratigraphy and structural evolution of
Colorado: Colorado School of Mines Quarterly, p. 37—62.

Carter, W.D., and Gualtieri, J.L., 1965, Geology and uranium-vanadium
deposits of the La Sal quadrangle, San Juan County, Utah, and
Montrose County, Colorado: U.S. Geological Survey Professional
Paper 508, 82 p.

Cashion, W.B., 1973, Geologic and structure map of the Grand Junction
quadrangle, Colorado and Utah: U.S. Geological Survey Miscella-
neous Investigations Map I-736, scale 1:250,000.

Cater, EW., Jr., 1955a, Geology of the Gypsum Gap quadrangle, Colorado:
U.S. Geological Survey Geologic Quadrangle Map GQ-59, scale
1:24,000.

1955b, Geology of the Naturita NW quadrangle, Colorado: U.S.

Geological Survey Geologic Quadrangle Map GQ-65, scale 1:24,000.

1970, Geology of the Salt Anticline region in southwestern
Colorado: U.S. Geological Survey Professional Paper 637, 80 p.

Cater, EW.,, Jr, Butler, A.P, Jr., and McKay, E.J., 1955, Geology of the
Uravan quadrangle, Colorado: U.S. Geological Survey Geologic
Quadrangle Map GQ-78, scale 1:24,000.

Cheney, T.M., Smart, R.A., Waring, R.G., and Warner, M.A., 1953, Strati-
graphic sections of the Phosphoria Formation in Utah, 1949-51: U.S.
Geological Survey Circular 306, 40 p.

Chronic, John, 1957, McCoy-Burns section, in McKee, Edwin, ed.,
Colorado measured sections—A symposium: Denver, Colo., Rocky
Mountain Association of Geologists, p. 39—45.

Clark, W.R., 1963, Pre-Pennsylvanian correlation problems of the Four Cor-
ners area, in Bass, R.O., and Sharps, S.L., eds., Shelf carbonates of the
Paradox Basin: Farmington, N. Mex., Four Corners Geological Soci-
ety Fourth Field Conference Guidebook, p. 61—64.

Collins, B.A., 1977, Geology of the Coal Basin area, Pitkin County,
Colorado, in Veal, HK., ed., Exploration frontiers of the central and
southern Rockies: Denver, Colo., Rocky Mountain Association of
Geologists, p. 363—377.

Conley, C.D., 1972, Depositional and diagenetic history of the Mississippian
Leadville Formation; White River Plateau, Colorado, in De Voto, R.H.,
ed., Paleozoic stratigraphy and structural evolution of Colorado:
Colorado School of Mines Quarterly, v. 67, no. 4, p. 103—135.

Cooley, M.E., Akers, J.P,, and Stevens, PR., 1964, Geohydrologic data in
the Navajo and Hopi Indian Reservations, Arizona, New Mexico, and
Utah, Part IIT, Selected lithologic logs, drillers’ logs, and stratigraphic
sections:  Tucson, Ariz., Arizona State Land Department, Water
Resources Report 12-C, 157 p.

Cooley, M.E., Harshbarger, J.W., Akers, J.P, and Hardt, W.F,, 1969,
Regional hydrology of the Navajo and Hopi Indian Reservations, Ari-
zona, New Mexico, and Utah: U.S. Geological Survey Professional
Paper 521-A, 61 p.

Cooper, J.C., 1960, Cambrian, Devonian, and Mississippian rocks of the
Four Corners area, in Smith, K.G., ed., Geology of the Paradox Basin
fold and fault belt: Farmington, N. Mex., Four Corners Geological
Society Guidebook, Third Field Conference, p. 69—78.

Craig, L.C., 1972, Mississippian system, in Mallory, W.W., ed., Geologic
atlas of the Rocky Mountain region: Denver, Colo., Rocky Mountain
Association of Geologists, p. 100—110.

Crittenden, M.D., Jr.,, Wallace, C.A., and Sheridan, M.J., 1967, Mineral
resources of the High Uintas Primitive Area, Utah: U.S. Geological
Survey Bulletin 12301, 27 p.

Dane, C.H., 1935, Geology of the Salt Valley anticline and adjacent areas,
Grand County, Utah: U.S. Geological Survey Bulletin 863, 184 p.

REGIONAL AQUIFER SYSTEM ANALYSIS—UPPER COLORADO RIVER BASIN

Dane, C.H., and Bachman, G.O., 1965, Geologic map of New Mexico:
U.S. Geological Survey (in cooperation with the New Mexico Institute
of Mining and Technology, State Bureau of Mines and Minerals
Resources Division, and the University of New Mexico, Department of
Geology), scale 1:500,000.

Davidson, E.S., 1967, Geology of the Circle Cliffs area, Garfield and Kane
Counties, Utah: U.S. Geological Survey Bulletin 1229, 140 p.

De Voto, R.H., 1972, Pennsylvanian and Permian stratigraphy and tectonism
in central Colorado, in De Voto, R.H., ed., Paleozoic stratigraphy and
structural evolution of Colorado: Colorado School of Mines Quarterly,
v. 67, no. 4, p. 139—185.

1980a, Mississippian stratigraphy and history of Colorado, in Kent,

H.C., and Porter, K.W., eds., Colorado geology: Denver, Colo., Rocky

Mountain Association of Geologists, p. 57—70.

1980b, Pennsylvanian stratigraphy and history of Colorado, in Kent,
H.C., and Porter, K.W., eds., Colorado geology: Denver, Colo., Rocky
Mountain Association of Geologists, p. 71—102.

De Voto, R.H., Bartleson, B.L., Schenk, C.J., and Waechter, N.B., 1986,
Late Paleozoic stratigraphy and syndepositional tectonism, northwest-
ern Colorado, in Stone, D.S., ed., New interpretations of northwest
Colorado geology: Denver, Colo., Rocky Mountain Association of
Geologists, p. 37—49.

Dings, M.G., and Robinson, C.S., 1957, Geology and ore deposits of the
Garfield quadrangle, Colorado: U.S. Geological Survey Professional
Paper 289, 110 p.

Dodge, C.N., and Bartleson, B.L., 1986, The Eagle Basin—A new explora-
tion frontier, in Stone, D.S., ed., New interpretations of northwest
Colorado geology: Denver, Colo., Rocky Mountain Association of
Geologists, p. 113—128.

Doelling, H.H., 1975, Geology and mineral resources of Garfield County,
Utah: Salt Lake City, Utah Geological and Mineral Survey Bulletin
107,175 p.

Donnell, J.R., ed., 1960, Geologic road logs of Colorado: Denver, Colo.,
Rocky Mountain Association of Geologists, 98 p.

Donner, H.E, 1949, Geology of the McCoy area, Eagle and Routt Counties,
Colorado: Geological Society of America Bulletin, v. 60, no. 8, p.
1215—1248.

Downey, 1.S., 1984, Geohydrology of the Madison and associated aquifers
in parts of Montana, North Dakota, South Dakota, and Wyoming: U.S.
Geological Survey Professional Paper 1273-G, 47 p.

Duebendorfer, E.M., and Houston, R.S., 1987, Proterozoic accretionary
tectonics at the southern margin of the Archean Wyoming craton:
Geological Society of America Bulletin, v. 98, no. 5, p. 554—568.

Eckel, E.B., Williams, J.S., and Galbraith, EW., 1949, Geology and ore
deposits of the La Plata district, Colorado: U.S. Geological Survey
Professional Paper 219, 179 p.

Ekren, E.B., and Houser, FN., 1965, Geology and petrology of the Ute
Mountains area, Colorado: U.S. Geological Survey Professional Paper
481, 74 p.

Fisher, D.J., 1936, The Book Cliffs coalfield in Emery and Grand Counties,
Utah: U.S. Geological Survey Bulletin 852, 104 p.

Foster, H.L., 1947, Paleozoic and Mesozoic stratigraphy of northern Gros
Ventre Mountains and Mount Leidy Highlands, Teton County, Wyo-
ming: American Association of Petroleum Geologists Bulletin, v. 31,
no. 9, p. 1537—1593,

Foster, N.H., 1972, Ordovician system, in Mallory, W.W., ed., Geologic
atlas of the Rocky Mountain region: Denver, Colo., Rocky Mountain
Association of Geologists, p. 76—85.

Freeman, V.L., 1971, Stratigraphy of the State Bridge Formation in the
Woody Creek quadrangle, Pitkin and Eagle Counties, Colorado: U.S.
Geological Survey Bulletin 1324-F, 17 p.

1972, Geologic map of the Woody Creek quadrangle, Pitkin and

Eagle Counties, Colorado: U.S. Geological Survey Geologic Quadran-

gle Map GQ-967, scale 1:24,000.




GEOLOGY OF PALEOZOIC ROCKS, UPPER COLORADO RIVER BASIN

Freeman, V.L., and Bryant, Bruce, 1977, Red bed formations in the Aspen
region, Colorado, in Veal, H.K., ed., Exploration frontiers of the central
and southern Rockies: Denver, Colo., Rocky Mountain Association of
Geologists, p. 181—189.

Freethey, G.W., and Cordy, G.E., 1991, Geohydrology of Mesozoic rocks in
the Upper Colorado River Basin in Arizona, Colorado, New Mexico,
Utah, and Wyoming, excluding the San Juan Basin: U.S. Geological
Survey Professional Paper 1411—C, 118 p., 6 plates.

Fryberger, S.G., and Koelmel, M.H., 1986, Rangely field—Eolian system-
boundary trap in the Permo-Pennsylvanian Weber Sandstone of north-
west Colorado, in Stone, D.S., ed., New interpretations of northwest
Colorado geology: Denver, Colo., Rocky Mountain Association of
Geologists, p. 129—149.

Gardner, W.I., 1963, Geologic suitability of Ruedi Reservoir site, Fryingpan-
Arkansas project, Colorado-Region 7: U.S. Bureau of Reclamation
unpublished report, 16 p.

Gaskill, D.L., and Godwin, L.N., 1966a, Geologic map of the Marcellina
Mountain quadrangle, Gunnison County, Colorado: U.S. Geological
Survey Geologic Quadrangle Map GQ-511, scale 1:24,000.

1966b, Geologic map of the Marble quadrangle, Gunnison and Pit-
kin Counties, Colorado: U.S. Geological Survey Geologic Quadrangle
Map GQ-512, scale 1:24,000.

Gaskill, D.L., Godwin, L.H., and Mutschler, FE., 1967, Geologic map of
the Oh-Be-Joyful quadrangle, Gunnison County, Colorado: U.S. Geo-
logical Survey Geologic Quadrangle Map GQ-578, scale 1:24,000.

Geldon, A.L., in press, Hydrologic properties and flow systems of the Paleo-
zoic rocks in the Upper Colorado River Basin in Arizona, Colorado,
New Mexico, Utah, and Wyoming, excluding the San Juan Basin: U.S.
Geological Survey Professional Paper 1411-B.

Gerhard, L.C., 1972, Canadian depositional environments and paleotecton-
ics, central Colorado, in De Voto, R-H., ed., Paleozoic stratigraphy and
structural evolution of Colorado: Colorado School of Mines Quarterly,
v. 67, no. 4, p. 1-36.

Gilluly, James, 1929, Geology and oil and gas prospects of part of the San
Rafael Swell, Utah: U.S. Geological Survey Bulletin 806-C, p. 69—
132.

Godwin, L.H., 1968, Geologic map of the Chair Mountain quadrangle, Gun-
nison and Pitkin Counties, Colorado: U.S. Geological Survey Geo-
logic Quadrangle Map GQ-704, scale 1:24,000.

Gregory, HE., 1938, The San Juan country—A geographic and geologic
reconnaissance of southern Utah: U.S Geological Survey Professional
Paper 188, 123 p.

1951, The geology and geography of the Paunsaugunt region, Utah:
U.S. Geological Survey Professional Paper 226, 116 p.

Gregory, HE., and Moore, R.C., 1931, The Kaiparowits region—A geo-
graphic and geologic reconnaissance of parts of Utah and Arizona:
U.S. Geological Survey Professional Paper 164, 161 p.

Grose, L.T., 1972, Tectonics, in Mallory, W.W,, ed., Geologic atlas of the
Rocky Mountain region: Denver, Colo., Rocky Mountain Association
of Geologists, p. 35—44.

Gudim, C.J., 1956, Subsurface stratigraphy of the pre-Niobrara formations
along the eastern margin of the Great Divide and Washakie basins,
‘Wyoming, in Wyoming stratigraphy: Casper, Wyo., Wyoming Geologi-
cal Association, p. 69—76.

Hackman, R.J., and Olson, A.B., 1977, Geology, structure, and uranium
deposits of the Gallup 1°x2° quadrangle, New Mexico and Arizona:
U.S. Geological Survey Miscellaneous Investigations Map I1-981, scale
1:250,000, 2 sheets.

Hackman, R.J., and Wyant, D.G., 1973, Geology, structure, and uranium
deposits of the Escalante quadrangle, Utah and Arizona: U.S. Geologi-
cal Survey Miscellaneous Investigations Map 1-744, scale 1:250,000, 2
sheets.

Hall, W.J., Jr., 1989, Reconnaissance geologic map of the Ridgway quadran-
gle, Ouray County, Colorado: U.S. Geological Survey Miscellaneous
Field Studies Map MF-2100, scale 1:24,000.

AT9

Hallgarth, W.E., 1959, Stratigraphy of Paleozoic rocks in northwestern
Colorado: U.S. Geological Survey Oil and Gas Investigations Chart
0C-59.

1967, Western Colorado, southern Utah, and northwestern New
Mexico, in McKee, E.D., and Oriel, S.S., eds., Paleotectonic investiga-
tions of the Permian System in the United States: U.S. Geological
Survey Professional Paper 515-1, p. 203—228.

Hansen, W.R., 1965a, The Black Canyon of the Gunnison—Today and
yesterday: U.S. Geological Survey Bulletin 1191, 76 p.

1965b, Geology of the Flaming Gorge area, Utah-Colorado-

Wyoming: U.S. Geological Survey Professional Paper 490, 196 p.

1975, The geologic story of the Uinta Mountains: U.S. Geological

Survey Bulletin 1291, 144 p.

1986a, History of faulting in the eastern Uinta Mountains, Colorado

and Utah, in Stone, D.S., ed., New interpretations of northwest

Colorado geology: Denver, Colo., Rocky Mountain Association of

Geologists, p. 5—17.

1986b, Neogene tectonics and geomorphology of the eastern Uinta
Mountains in Utah, Colorado, and Wyoming: U.S. Geological Survey
Professional Paper 1356, 78 p.

Hansen, W.R., Rowley, P.D., and Carrara, P.E., 1983, Geologic map of
Dinosaur National Monument and vicinity, Utah and Colorado: U.S.
Geological Survey Miscellaneous Investigations Map I-1407, scale
1:50,000.

Harshbarger, JW., and Repenning, C.A., 1954, Water resources of the
Chuska Mountains area, Navajo Indian Reservation, Arizona and New
Mexico: U.S. Geological Survey Circular 308, 16 p.

Hawley, C.C., Wyant, D.G., and Brooks, D.B., 1965, Geology and uranium
deposits of the Temple Mountain district, Emery County, Utah: U.S.
Geological Survey Bulletin 1192, 154 p.

Haynes, D.D., and Hackman, R.J., 1978, Geology, structure, and uranium
deposits of the Marble Canyon 1°x2° quadrangle, Arizona: U.S. Geo-
logical Survey Miscellaneous Investigations Map 1-1003, scale
1:250,000, 2 sheets.

Haynes, D.D., Vogel, I.D., and Wyant, D.G., 1972, Geology, structure, and
uranium deposits of the Cortez quadrangle, Colorado and Utah: U.S.
Geological Survey Miscellaneous Investigations Map 1629, scale
1:250,000.

Hedge, C.E., 1972, Age of major Precambrian rock units, in Mallory, WW.,
ed., Geologic atlas of the Rocky Mountain region: Denver, Colo.,
Rocky Mountain Association of Geologists, p. 34—35.

Hedge, C.E., Houston, R.S., Tweto, O.L., Peterman, Z.E., Harmison, J.E.,
and Reid, R.R., 1986, The Precambrian of the Rocky Mountain region:
U.S. Geological Survey Professional Paper 1241-D, 17 p.

Heisey, E.L., 1951, Geology of the Ferris Mountains—-Muddy Gap area, in
Brinker, W.F,, and Blackstone, D.L., Jr., South central Wyoming:
Casper, Wyo., Wyoming Geological Association Sixth Annual Field
Conference Guidebook, p. 71—76.

Heylmun, E.B., 1958, Paleozoic stratigraphy and oil and gas possibilities of
Kaiparowits region, Utah: American Association of Petroleum Geolo-
gists Bulletin, v. 42, no. 8, p. 1781—1811.

" Heyman, O.G., Huntoon, PW., and White-Heyman, M.A., 1986, Laramide

deformation of the Uncompahgre Plateau—Geometry and mecha-
nisms, in Stone, D.S., ed., New interpretations of northwest Colorado
geology: Denver, Colo., Rocky Mountain Association of Geologists, p.
65—176.

Hintze, L.F, 1973, Geologic history of Utah: Provo, Utah, Brigham Young
University Geology Studies, v. 20, pt. 3, 181 p.

1980, Geologic map of Utah: Utah Geological and Mineral Survey,
scale 1:500,000, 2 sheets.

Hite, R.J.,, and Cater, EW., 1972, Pennsylvanian rocks and salt anticlines,
Paradox basin, Utah and Colorado, in Mallory, W.W., ed., Geologic
atlas of the Rocky Mountain region: Denver, Colo., Rocky Mountain
Association of Geologists, p. 133—138.




A80

Hite, R.J,, and Lohman, S.W., 1973, Geological appraisal of Paradox basin
salt deposits for waste emplacement: U.S. Geological Survey Open-
File Report 73-114, 75 p.

Howard, A.D., Williams, J.W., and Raisz, Erwin, 1972, Physiography, in
Mallory, W.W., ed., Geologic atlas of the Rocky Mountain region:
Denver, Colo., Rocky Mountain Association of Geologists, p. 290—31.

Hubert, LF, 1954, Structure and stratigraphy of an area east of Brush
Creek, Eagle County, Colorado: Boulder, Colo., University of Colo-
rado M.S. thesis, 104 p.

Huddle, J.W., Mapel, W.J., and McCann, ET., 1951, Geology of the Moon
Lake area, Duchesne County, Utah: U.S. Geological Survey Oil and
Gas Investigations Map OM-1135, scale 1:63,360.

Huddle, J.W., and McCann, ET., 1947a, Late Paleozoic rocks exposed in the
Duchesne River area, Duchesne County, Utah: U.S. Geological Survey
Circular 16, 21 p.

1947b, Geologic map of Duchesne River area, Wasatch and
Duchesne Counties, Utah: U.S. Geological Survey Oil and Gas
Investigations Preliminary Map OM-75, scale 1:63,360.

Hunt, C.B., Averitt, Paul, and Miller, R.L., 1953, Geology and geography of
the Henry Mountains region, Utah: U.S. Geological Survey Profes-
sional Paper 228, 234 p.

Irtem, Oguz, 1977, Stratigraphy of the Minturn Formation (Pennsylvanian)
between Glenwood Springs and Craig, Colorado: Golden, Colo., Colo-
rado School of Mines Ph. D. dissertation.

Irwin, J.H., 1966, Geology and availability of ground water on the Ute
Mountain Indian Reservation, Colorado and New Mexico: U.S.
Geological Survey Water-Supply Paper 1576-G, 109 p.

Irwin, J.H., Stevens, PR., and Cooley, M.E., 1971, Geology of the Paleozoic
rocks, Navajo and Hopi Indian Reservations, Arizona, New Mexico,
and Utah: U.S. Geological Survey Professional Paper 521-C, 32 p.

Johnson, H.S. Jr., 1959a, Uranium resources of the Cedar Mountain area,
Emery County, Utah—A regional synthesis: U.S. Geological Survey
Bulletin 1087-B, p. 23—58.

1959b, Uranium resources of the Green River and Henry Mountains
districts, Utah—A regional synthesis: U.S. Geological Survey Bulle-
tin 1087-C, p. 59—104.

Johnson, S.Y., 1987, Stratigraphic and sedimentological studies of late
Paleozoic strata in the Eagle Basin and northern Aspen sub-basin,
northwest Colorado: U.S. Geological Survey Open-File Report 87-
286, 82 p.

1989, The Fryingpan Member of the Maroon Formation—A Lower
Permian(?) basin-margin dune field in northwestern Colorado: U.S.
Geological Survey Bulletin 1787-1, 11 p.

Johnson, S.Y., Schenk, C.J., Anders, D.L., and Tuttle, M.L., 1990, Sedimen-
tology and petroleum occurrence, Schoolhouse Member, Maroon For-
mation (Lower Permian), northwestern Colorado: American
Association of Petroleum Geologists Bulletin, v. 74, no. 2, p. 135—
150.

Karlstrom, K.E., Bowring, S.A., and Conway, C.M., 1987, Tectonic signifi-
cance of an Early Proterozoic two-province boundary in central
Arizona: Geological Society of America Bulletin, v. 99, no. 4, p.
529—538.

Keefer, W.R., and Van Lieu, J.A., 1966, Paleozoic formations in the Wind
River Basin, Wyoming: U.S. Geological Survey Professional Paper
495-B, 60 p.

Kelley, V.C., 1955, Tectonics of the Four Comers region, in Cooper, J.C.,
ed., Geology of parts of the Paradox, Black Mesa, and San Juan
Basins: Farmington, N. Mex., Four Corners Geological Society First
Field Conference Guidebook, p. 108—117.

1958, Tectonics of the region of the Paradox basin, in Sanborn, A.F.,

ed., Guidebook to the geology of the Paradox Basin: Salt Lake City,

Utah, Intermountain Association of Geologists Ninth Annual Field

Conference Guidebook, p. 31—38.

REGIONAL AQUIFER SYSTEM ANALYSIS—UPPER COLORADO RIVER BASIN

Kent, H.C., 1972, Review of Phanerozoic history, in Mallory, W.W.,, ed,,
Geologic atlas of the Rocky Mountain region: Denver, Colo., Rocky
Mountain Association of Geologists, p. 57—59.

Kinney, D.M., 1955, Geology of the Uinta River-Brush Creek area,
Duchesne and Uintah Counties, Utah: U.S. Geological Survey Bulletin
1007, 185 p.

Kirkland, P.L., 1963, Permian stratigraphy and stratigraphic paleontology
of a part of the Colorado Plateau, in Bass, R.O., and Sharps, S.L.,
eds., Shelf carbonates of the Paradox Basin: Farmington, N. Mex.,
Four Corners Geological Society Fourth Field Conference Guidebook,
p. 80—100.

Knight, R.L., and Cooper, J.C., 1955, Suggested changes in Devonian termi-
nology of the Four Corners area, in Cooper, J.C., ed., Geology of parts
of Paradox, Black Mesa, and San Juan Basins: Farmington, N. Mex.,
Four Corners Geological Society First Field Conference Guidebook, p.
56—58.

Kunkel, R.P., 1958, Permian stratigraphy of the Paradox basin, iz Sanborn,
AE, ed., Guidebook to the geology of the Paradox Basin: Salt Lake
City, Utah, Intermountain Association of Petroleum Geologists Ninth
Annual Field Conference Guidebook, p. 163—168.

1960, Permian stratigraphy in the Salt Anticline region of western
Colorado and eastern Utah, in Smith, K.G., ed., Geology of the Para-
dox Basin fold and fault belt: Farmington, N. Mex., Four Corners
Geological Society Third Field Conference Guidebook, p. 91—97.

Lageson, D.R., 1987, Laramide uplift of the Gros Ventre Range and impli-
cations for the origin of the Teton Fault, Wyoming, in Miller, WR,,
ed., The Thrust Belt revisited: Casper, Wyo., Wyoming Geological
Association Thirty-eighth Field Conference Guidebook, p. 79-80.

Laney, R.L., and Davidson, C.B., 1986, Aquifer-nomenclature guidelines:
U.S. Geological Survey Open-File Report 86-534, 46 p.

Langenheim, R.L., Jr, 1952, Pennsylvanian and Permian stratigraphy in
Crested Butte quadrangle, Gunnison County, Colorado: American
Association of Petroleum Geologists Bulletin, v. 36, no. 4, p. 543—
574.

1954, Correlation of the Maroon Formation in Crystal River Valley,
Gunnison, Pitkin, and Garfield Counties, Colorado: American Associa-
tion of Petroleum Geologists Bulletin, v. 38, no 8, p. 1748—1779.

Larsen, E.S., Jr., and Cross, Whitman, 1956, Geology and petrology of the
San Juan region, southwestern Colorado: U.S. Geological Survey
Professional Paper 258, 303 p.

Lessentine, R.H., 1965, Kaiparowits and Black Mesa basins—Stratigraphic
synthesis, in Peterson, J.A., ed., Rocky Mountain sedimentary basins:
American Association of Petroleum Geologists Bulletin, v. 49, no. 22,
p. 1997—2019.

Lewis, R.Q., Sr., and Campbell, R.H., 1965, Geology and uranium deposits
of Elk Ridge and vicinity, San Juan County, Utah: U.S. Geological
Survey Professional Paper 474-B, 69 p.

Lipman, PW., 1976, Geologic map of the Lake City caldera area, western
San Juan Mountains, southwestern Colorado: U.S. Geological Survey
Miscellaneous Investigations Map I-962, scale 1:48,000.

Lochman-Balk, Christina, 1972, Cambrian system, in Mallory, W.W,, ed.,
Geologic atlas of the Rocky Mountain region: Denver, Colo., Rocky
Mountain Association of Geologists, p. 60—75.

Lohman, S.W., 1965, Geology and artesian water supply, Grand Junction
area, Colorado: U.S. Geological Survey Professional Paper 451, 149 p.

1974, The geologic story of Canyonlands National Park: U.S. Geo-

logical Survey Bulletin 1327, 126 p.

1975, The geologic story of Arches National Park: U.S. Geological

Survey Bulletin 1393, 113 p.

1980, The geologic story of Colorado National Monument: U.S.
Geological Survey Bulletin 1508, 142 p.

Loleit, AJ., 1963, Cambrian stratigraphic problems of the Four Corners
area, in Bass, R.D., and Sharps, S.L., eds., Shelf carbonates of the
Paradox Basin: Farmington, N. Mex., Four Corners Geological Soci-
ety Fourth Field Conference Guidebook, p. 21—30.




GEOLOGY OF PALEOZOIC ROCKS, UPPER COLORADO RIVER BASIN A8l

Love, J.D., 1950, Paleozoic rocks on the southwest flank of the Wind River
Mountains, near Pinedale, Wyoming, in Harrison, J.W., ed., Southwest
Wyoming: Casper, Wyo., Wyoming Geological Association Fifth
Annual Field Conference Guidebook, p. 25—27.

Love, J.D., and Christiansen, A.C., 1985, Geologic map of Wyoming: U.S.
Geological Survey, scale 1:500,000, 3 sheets.

Love, J.D., Christiansen, A.C., and Ver Ploeg, A.J., 1993, Stratigraphic chart
showing Phanerozoic nomenclature for the state of Wyoming:
Wyoming Geological Survey, Map Series 41.

Lovering, T.S., and Goddard, E.N., 1950, Geology and ore deposits of the
Front Range, Colorado: U.S. Geological Survey Professional Paper
223,319 p.

Luedke, R.G., and Burbank, W.S., 1962, Geology of the QOuray quadrangle,
Colorado: U.S. Geological Survey Geologic Quadrangle Map GQ-
152, scale 1:24,000.

1981, Geologic map of the Uncompahgre (Ouray) mining district,
southwestern Colorado: U.S. Geological Survey Miscellaneous Inves-
tigations Map I-1247, scale 1:12,000.

Maclachlan, M.E., 1987, General geology of the Piceance basin, in Taylor,
0O.J., compiler, Oil shale, water resources, and valuable minerals of the
Piceance basin, Colorado—The challenge and choices of development:
U.S. Geological Survey Professional Paper 1310, p. 7—15.

Maclachlan, MLE., and Welder, FE., 1987, Paleoczoic and Mesozoic forma-
tions and their potential as ground-water reservoirs, in Taylor, O.J,
compiler, Oil shale, water resources, and valuable minerals of the
Piceance basin, Colorado—The challenge and choices of development:
U.S. Geological Survey Professional Paper 1310, p. 95—106.

Mallory, W.W., 1957, Crested Butte section, in McKee, Edwin, ed., Colo-
rado measured sections—A symposium: Denver, Colo., Rocky
Mountain Association of Geologists, p. 50—53.

1967, Pennsylvanian and associated rocks in Wyoming: U.S. Geo-

logical Survey Professional Paper 554-G, 31 p.

1971, The Eagle Valley Evaporite, northwest Colorado—A regional

synthesis: U.S. Geological Survey Bulletin 1311-E, 37 p.

1972, Regional synthesis of the Pennsylvanian system, in Mallory,

W.W.,, ed., Geologic atlas of the Rocky Mountain region: Denver,

Colo., Rocky Mountain Association of Geologists, p. 111—127.

1975, Middle and southern Rocky Mountains, northern Colorado

Plateau, and eastern Great Basin region, in McKee, E.D., and Crosby,

E.J., coordinators, Paleotectonic investigations of the Pennsylvanian

system in the United States, Part I, Introduction and regional analyses

of the Pennsylvanian system: U.S. Geological Survey Professional

Paper 853-N, p. 295—309.

1979, Central Rocky Mountains and northern Colorado Plateau
region, in Craig, L.C., and Connor, C.W., coordinators, Paleotectonic
investigations of the Mississippian system in the United States, Part I,
Introduction and regional analyses of the Mississippian system: U.S.
Geological Survey Professional Paper 1010-M, p. 209—219.

Mallory, W.W., Post, E.V,, Ruane, PJ., Lehmbeck, W.L., and Stotelmeyer,
R.B., 1966, Mineral resources of the Flat Tops Primitive area, Colo-
rado: U.S. Geological Survey Bulletin 1230-C, 30 p.

Maughan, E.K., 1967, Eastern Wyoming, eastern Montana, and the Dakotas,
in McKee, E.D., and Oriel, S.S., eds., Paleotectonic investigations of
the Permian system in the United States: U.S. Geological Survey
Professional Paper 515-G, p. 129—152.

1979, Pennsylvanian (Upper Carboniferous) system of Wyoming, in

Lageson, D.R., Maughan, EK., and Sando, W.J., The Mississippian

and Pennsylvanian (Carboniferous) systems in the United States: U.S.

Geological Survey Professional Paper 1110~-U, p. 16—33.

1980, Permian and Lower Triassic geology of Colorado, in Kent,
H.C., and Porter, D.W., eds., Colorado geology: Denver, Colo., Rocky
Mountain Association of Geologists, p. 103—110.

McDenald, R.E., 1972, Eocene and Paleocene rocks of the southern and
central basins, in Mallory, W.W., ed., Geologic atlas of the Rocky

Mountain region: Denver, Colo., Rocky Mountain Association of
Geologists, p. 243—256.

McKee, E.D., 1963, Nomenclature for lithologic subdivisions of the Missis-
sippian Redwall Limestone: U.S. Geological Survey Professional
Paper 475-C, p. 21—22.

1967, Arizona and western New Mexico, in McKee, E.D., and Oriel,

S.S., eds., Paleotectonic investigations of the Permian system in the

United States: U.S. Geological Survey Professional Paper 515-J, p.

203—223.

1969, Stratified rocks of the Grand Canyon, in The Colorado River

Region and John Wesley Powell: U.S. Geological Survey Professional

Paper 669-B, 58 p.

1975, Arizona, in McKee, E.D., and Crosby, E.J., coordinators, Pale-

otectonic investigations of the Pennsylvanian system in the United

States, Part I, Introduction and regional analyses of the Pennsylvanian

system: U.S. Geological Survey Professional Paper 853-P, p. 265—

278.

1979, Arizona, in Craig, L.C., and Connor, C.W., coordinators, Pale-

otectonic investigations of the Mississippian system in the United

States, Part I, Introduction and regional analyses of the Mississippian

system: U.S. Geological Survey Professional Paper 1010-L, p. 199—

207.

1982, The Supai Group of Grand Canyon: U.S. Geological Survey
Professional Paper 1173, 504 p.

McKee, E.D., and Resser, CE., 1945, Cambrian history of the Grand
Canyon region, Part 1, Stratigraphy and ecology of the Grand Canyon
Cambrian: Washington, D.C., Carnegie Institute Publication 563, p.
3—168.

McKelvey, V.E., Williams, J.S., Sheldon, R.P, Cressman, E.R., Cheney,
T.M., and Swanson, R.'W,, 1959, The Phosphoria, Park City, and
Shedhorn Formations in the western phosphate field: U.S. Geological
Survey Professional Paper 313-A, 47 p.

McKnight, E.T., 1940, Geology of area between Green and Colorado Riv-
ers, Grand and San Juan Counties, Utah: U.S. Geological Survey Bul-
letin 908, 147 p.

1974, Geology and ore deposits of the Rico district, Colorado: U.S.
Geological Survey Professional Paper 723, 100 p.

Merrill, WM., and Winar, R.M., 1961, Mississippian-Pennsylvanian bound-
ary in southwestern Colorado, in Berg, R.R., and Rold, J.W,, eds,,
Symposium on the lower and middle Paleozoic rocks of Colorado:
Denver, Colo., Rocky Mountain Association of Geologists Twelfth
Field Conference Guidebook, p. 81—90.

Middleton, L.T., Steidtmann, J.R., and DeBour, D.A., 1980, Stratigraphy
and depositional setting of some Middle and Upper Cambrian rocks,
Wyoming, in Stratigraphy of Wyoming: Casper, Wyo., Wyoming
Geological Association Thirty-first Annual Field Conference Guide-
book, p. 23—36.

Morris, H.T., and Lovering, T.S., 1961, Stratigraphy of the East Tintic
Mountains, Utah: U.S. Geological Survey Professional Paper 361, 145
p-

Moulton, F.C., 1975, Lower Mesozoic and upper Paleozoic petroleum
potential of the hingeline area, central Utah, in Bolyard, D.W., ed.,
Deep drilling frontiers of the central Rocky Mountains: Denver, Colo.,
Rocky Mountain Association of Geologists, p. 87—98.

Mull, C.G., 1960, Geology of the Grand Hogback monocline near Rifle,
Colorado: Boulder, Colo., University of Colorado M.S. thesis, 189 p.

Mullens, T.E., 1960, Geology of the Clay Hills area, San Juan County, Utah:
U.S. Geological Survey Bulletin 1087-H, p. 259—336.

Nadeau, J.E., 1972, Mississippian stratigraphy of central Colorado, in De
Voto, R.H,, ed., Paleozoic stratigraphy and structural evolution of Col-
orado: Colorado School of Mines Quarterly, v. 67, no. 4, p. 77—101.

Neff, A.W., and Brown, S.C., 1958, Ordovician-Mississippian rocks of the
Paradox Basin, in Sanborn, A.F, ed., Guidebook to the geology of the
Paradox Basin: Salt Lake City, Utah, Intermountain Association of
Geologists Ninth Field Conference Guidebook, p. 102—108.




A82

Noble, L.F, 1922, A section of the Paleozoic formations of the Grand
Canyon at the Bass Trail: U.S. Geological Survey Professional Paper
131-B, p. 23—74.

North American Commission on Stratigraphic Nomenclature, 1983, North
American stratigraphic code: American Association of Petroleum
Geologists Bulletin, v. 67, no. 5, p. 841—875.

Ohlen, H.R., and McIntyre, L.B., 1965, Stratigraphy and tectonic features of
Paradox basin, Four Corners area, in Peterson, J.A., ed., Rocky
Mountain sedimentary basins: American Association of Petroleum
Geologists Bulletin, v. 49, no. 11, p. 2020—2040.

Oriel, S.S., 1969, Geology of the Fort Hill quadrangle, Lincoln County,
Wyoming: U.S. Geological Survey Professional Paper 594-M, 40 p.

Osmond, J.C., 1965, Geologic history of site of Uinta basin, Utah, in Peter-
son, J.A., ed., Rocky Mountain sedimentary basins: American Associ-
ation of Petroleum Geologists Bulletin, v. 49, no. 11, p. 1957—1973.

O’Sullivan, R.B., 1965, Geology of the Cedar Mesa—Boundary Butte area,
San Juan County, Utah: U.S. Geological Survey Bulletin 1196, 128 p.

O’Sullivan, R.B., and Beikman, HM., 1963, Geology, structure, and
uranium deposits of the Shiprock quadrangle, New Mexico and
Arizona: U.S. Geological Survey Miscellaneous Investigations Map I-
345, scale 1:250,000, 2 sheets.

Parker, J.M., 1961, The Cambrian, Devonian, and Mississippian rocks and
pre-Pennsylvanian structures of southwest Colorado and adjoining por-
tions of Utah, Arizona, and New Mexico, in Berg, R.R., and Rold,
J.W.,, eds., Symposium on the lower and middle Paleozoic rocks of
Colorado: Denver, Colo., Rocky Mountain Association of Geologists
Twelfth Field Conference Guidebook, p. 59—70.

Parker, J.W., and Roberts, J.W., 1963, Devonian and Mississippian stratigra-
phy of the central part of the Colorado Plateau, in Bass, R.O., and
Sharps, S.L., eds., Shelf carbonates of the Paradox Basin: Farmington,
N. Mex., Four Corners Geological Society Fourth Field Conference
Guidebook, p. 31—60.

Peterson, Fred, 1988, A synthesis of the Jurassic system in the southern
Rocky Mountain Region, in Sloss, L.L., ed., Sedimentary cover—
North American craton, U.S.: Boulder, Colo., Geological Society of
America, p. 65—76. .

Peterson, J.A., 1977, Paleozoic shelf margins and marginal basins, western
Rocky Mountains—Great Basin, United States, in Heisey, E.L., Law-
son, D.E., Norwood, E.R., Wach, PH., and Hale, L.A., eds., Rocky
Mountain thrust belt geology and resources: Casper, Wyo., Wyoming
Geological Association Twenty-ninth Annual Field Conference Guide-
book, p. 135—153.

1984, Permian stratigraphy, sedimentary facies, and petroleum
geology, Wyoming and adjacent area, in Goolsby, Jim, and Morton,
Doug, eds., The Permian and Pennsylvanian geology of Wyoming:
Casper, Wyo., Wyoming Geological Association Thirty-fifth Annual
Field Conference Guidebook, p. 25—64.

Peterson, J.A., Loleit, A.J., Spencer, C.W., and Ullrich, R.A., 1965, Sedi-
mentary history and economic geology of San Juan basin, in Peterson,
J.A., ed., Rocky Mountain sedimentary basins: American Association
of Petroleum Geologists Bulletin, v. 49, no. 11, p. 2076—2118.

Peterson, J.A., and Ohlen, H.R., 1963, Pennsylvanian shelf carbonates, Para-
dox Basin, in Bass, R.O., and Sharps, S.L., eds., Shelf carbonates of
the Paradox Basin: Farmington, N. Mex., Four Corners Geological
Saciety Fourth Field Conference Guidebook, p. 65—79.

Phoenix, D.A., 1963, Geology of the Lees Ferry area, Coconino County,
Arizona: U.S. Geological Survey Bulletin 1137, 86 p.

Pierce, M.W., 1964, Internal correlation of the Permian De Chelly Sand-
stone, Defiance Plateau, Arizona: Flagstaff, Ariz., Museum of North-
ern Arizona Bulletin 40, p. 15—31.

Privfasky, N.C., 1963, Geology of the Big Piney area, Sublette County,
Wyoming: U.S. Geological Survey Oil and Gas Investigations Map
OM-205, scale 1:31,680.

Quigley, M.D., 1965, Geological history of Piceance-Eagle Creek basins, in
Peterson, J.A., ed., Rocky Mountain sedimentary basins: American

REGIONAL AQUIFER SYSTEM ANALYSIS—UPPER COLORADO RIVER BASIN

Association of Petroleum Geologists Bulletin, v. 49, no. 11, p. 1974—
1996.

Rascoe, Bailey, Jr, and Baars, D.L., 1972, Permian system, in Mallory,
W.W., ed., Geologic atlas of the Rocky Mountain region: Denver,
Colo., Rocky Mountain Association of Geologists, p. 143—165.

Read, C.B., and Wanek, A.A., 1961, Stratigraphy of outcropping Permian
rocks in parts of northeastern Arizona and adjacent areas: U.S. Geo-
logical Survey Professional Paper 374-H, 10 p.

Reed, J.C., Jr., Bickford, M.E., Premo, W.R., and Pallister, J.S., 1987,
Evolution of the Early Proterozoic Colorado province—Constraints
from U-Pb geochronology: Geology, v. 15, no. 9, p. 861—865.

Richmond, G.M., 1945, Geology of the northwest end of the Wind River
Mountains, Sublette County, Wyoming: U.S. Geological Survey Oil
and Gas Investigations Preliminary Map OM-31, scale 1:63,360.

Ritzma, H.R., 1951, Paleozoic stratigraphy, north end and west flank of
the Sierra Madre, Wyoming-Colorado, in Brinker, W.E,, and Black-
stone, D.L., Jr, eds., South-central Wyoming: Casper, Wyo.,
Wyoming Geological Association Sixth Annual Field Conference
Guidebook, p. 66—67.

1959, Geologic atlas of Utah, Daggett County: Utah Geological and

Mineralogical Survey Bulletin 66, 116 p.

1969, Tectonic resume’, Uinta Mountains, in Lindsay, J.B., ed., Geo-
logic guidebook of the Uinta Mountains, Utah’s maverick range: Salt
Lake City, Utah, Intermountain Association of Geologists Sixteenth
Annual Field Conference, p. 57—63.

Roberts, A.E., 1979, Northern Rocky Mountains and adjacent Plains region,
in Craig, L.C., and Connor, C.W., coordinators, Paleotectonic investi-
gations of the Mississippian system in the United States, Part I, Intro-
duction and regional analyses of the Mississippian system: U.S.
Geological Survey Professional Paper 1010-N, p. 221—247.

Roberts, R.J., Crittenden, M.D., Ir., Tooker, E.-W., Morris, H.T., Hose, R K.,
and Cheney, TM., 1965, Pennsylvanian and Permian basins in north-
western Utah, northeastern Nevada, and south-central Idaho, in Peter-
son, J.A., ed, Rocky Mountain sedimentary basins: American
Association of Petroleum Geologists Bulletin, v. 49, no. 11, p. 1926—
1956.

Rose, PR., 1977, Mississippian carbonate shelf margins, western United
States, in Heisey, E.L., Lawson, D.E., Norwood, E.R., Wach, PH., and
Hale, L.A., eds., Rocky Mountain thrust belt geology and resources:
Casper, Wyo., Wyoming Geological Association Twenty-ninth Annual
Field Conference Guidebook, p. 155—172.

Ross, R.J., Jr., 1986, Lower Paleozoic of northwest Colorado—A summary,
in Stone, D.S., ed., New interpretations of northwest Colorado geol-
ogy: Denver, Colo., Rocky Mountain Association of Geologists, p.
99—102.

Ross, R.J., Jr., and Tweto, Ogden, 1980, Lower Paleozoic sediments and
tectonics in Colorado, in Kent, H.C., and Porter, K.W., eds., Colorado
geology: Denver, Colo., Rocky Mountain Association of Geologists, p.
47—56.

Rowley, PD., Hansen, W.R., Tweto, Ogden, and Carrara, PE., 1985,
Geologic map of the Vernal 1°x2° quadrangle, Colorado, Utah, and
Wyoming: U.S. Geological Survey Miscellaneous Investigations Map
I-1526, scale 1:250,000.

Royse, E, Jr., Warner, M.A., and Reese, D.L., 1975, Thrust Belt structural
geometry and related stratigraphic problems, Wyoming-Idaho-northern
Utah, in Bolyard, D.W,, ed., Deep drilling frontiers of the central
Rocky Mountains: Denver, Colo., Rocky Mountain Association of
Geologists, p. 41—54.

Rubey, W.W., 1973, Geologic map of the Afton quadrangle and part of the
Big Piney quadrangle, Lincoln and Sublette Counties, Wyoming: U.S.
Geological Survey Miscellaneous Geologic Investigations Map 1-686,
scale 1:62,500.

Rubey, W.W.,, Oriel, S.S., and Tracey, J.1. Jr., 1975, Geology of the Sage and
Kemmerer 15-minute quadrangles, Lincoln County, Wyoming: U.S.
Geological Survey Professional Paper 855, 18 p.




GEOLOGY OF PALEOZOIC ROCKS, UPPER COLORADO RIVER BASIN

Sando, WJ., 1967, Madison Limestone (Mississippian), Wind River,
Washakie, and Owl Creek Mountains, Wyoming: American Associa-
tion of Petroleum Geologists Bulletin, v. 51, no. 4, p. 529—557.

1977, Stratigraphy of the Madison Group (Mississippian) in the

northern part of the Wyoming-Idaho overthrust belt and adjacent areas,

in Heisey, EL., Lawson, D.E., Norwood, E.R., Wach, PH., and Hale,

L.A., eds., Rocky Mountain thrust belt geology and resources: Casper,

Wyo., Wyoming Geological Association Twenty-ninth Annual Field

Conference Guidebook, p. 173—177.

1979, Lower part of the Carboniferous, in Lageson, D.R., Maughan,

EK., and Sando, W.J., The Mississippian and Pennsylvanian

(Carboniferous) systems in the United States: U.S. Geological Survey

Professional Paper 1110-U, p. 2—16.

1982, New members of the Madison Limestone (Devonian and
Mississippian), north-central Wyoming and southern Montana, in
Stratigraphic notes: U.S. Geological Survey Bulletin 1529-H, p. 125—
130.

Sando, W.J., and Dutro, J.T., Jr., 1981, Some stratigraphic sections of the
Madison Group in the overthrust belt of western Wyoming and south-
eastern Idaho: U.S. Geological Survey Open-File Report 81-1354, 99
p.

Sando, W.J., Gordon, MacKenzie, Jr., and Dutro, J.T., Jr., 1975, Stratigraphy
and geologic history of the Amsden Formation (Mississippian and
Pennsylvanian) of Wyoming: TU.S Geological Survey Professional
Paper 848-A, 83 p.

Schell, EM., 1969, Summary of the geology of the Sheep Creek Canyon
geological area and vicinity, Daggett County, Utah, in Lindsay, I.B.,
ed., Geologic guidebook of the Uinta Mountains, Utah’s maverick
range: Salt Lake City, Utah, Intermountain Association of Geologists
Sixteenth Annual Field Conference Guidebook, p. 143~152.

Schell, E.M., and Yochelson, E.L., 1966, Permian-Triassic boundary in east-
ern Uintah County, Utah, and western Moffat County, Colorado: U.S.
Geological Survey Professional Paper 550-D, p. 64—88.

Sears, 1.D., 1924, Geology and oil and gas prospects of part of Moffat
County, Colorado, and southern Sweetwater County, Wyoming: U.S.
Geological Survey Bulletin 751-G, 319 p.

1956, Geology of Comb Ridge and vicinity north of San Juan
River, San Juan County, Utah: U.S. Geological Survey Bulletin
1021-E, p. 167—207.

Segerstrom, Kenneth, and Young, E.J., 1972, General geology of the Hahns
Peak and Farwell Mountain quadrangles, Routt County, Colorado:
U.S. Geological Survey Bulletin 1349, 63 p.

Severy, C.L., 1955, Geology of the Williams Park-Fish Creek anticlines,
Routt County, Colorado, in Ritzma, H.R., ed. Guidebook to the geol-
ogy of northwest Colorado: Denver, Colo., Rocky Mountain' Associa-
tion of Geologists, p. 116—118.

Sharps, S.L., 1955, Correlation of pre-Mancos, post-Weber Formations,
northwestern Colorado, in Ritzma, H.R., ed., Guidebook to the geology
of northwest Colorado: Denver, Colo., Rocky Mountain Association of
Geologists, p. 16—17.

Shaw, A.B., 1957, Cambrian of the southwestern Wind River Basin, Wyo-
ming: Casper, Wyo., Wyoming Geological Association Guidebook,
12th Annual Field Conference, p. 9—16.

Shawe, D.R., Simmons, G.C., and Archbold, N.L., 1968, Stratigraphy of
Slick Rock district and vicinity, San Miguel and Dolores Counties,
Colorado: U.S. Geological Survey Professional Paper 576-A, 108 p.

Sheldon, R.P, Cressman, E.R., Cheney, TM., and McKelvey, VE., 1967,
Middle Rocky Mountains and northeastern Great Basin, in McKee,
E.D., and Oriel, S.S., eds., Paleotectonic investigations of the Permian
system in the United States: U.S. Geological Survey Professional
Paper 515-H, p. 157—170.

Shoemaker, E.M., Case, 1.E., and Elston, D.P,, 1958, Salt anticlines of the
Paradox basin, in Sanborn, A.F,, ed., Guidebook to the geology of the
Paradox Basin: Salt Lake City, Utah, Intermountain Association of

A83

Petroleum Geologists Ninth Annual Field Conference Guidebook, p.
39—59.

Simons, ES., Love, J.D., Keefer, W.R., Harwood, D.S., Kulik, D.M,, and
Bieniewski, C.L., 1988, Mineral resources of the Gros Ventre Wilder-
ness Study Area, Teton and Sublette Counties, Wyoming: U.S. Geo-
logical Survey Bulletin 1591, 65 p.

Singewald, Q.D., 1951, Geology and ore deposits of the upper Blue River
area, Summit County, Colorado: U.S. Geological Survey Bulletin 970,
74 p.

Smith, 1.F, Jr., Huff, C.H., Hinrichs, E.N., and Luedke, R.G., 1963, Geol-
ogy of the Capitol Reef area, Wayne and Garfield Counties, Utah:
U.S. Geological Survey Professional Paper 363, 102 p.

Smith, L.E., Hosford, G.F,, Sears, R.S., Sprouse, D.P.,, and Stewart, M.D.,
1952, Stratigraphic sections of the Phosphoria Formation in Utah,
1947-48: U.S. Geological Survey Circular 211, 48 p.

Sayder, G.L., 1980a, Geologic map of the central part of the northern Park
Range, Jackson and Routt Counties, Colorado: U.S. Geological Sur-
vey Miscellaneous Investigations Map I-1112, scale 1:48,000.

1980b, Geologic map of the northernmost Park Range and southern-

most Sierra Madre, Jackson and Routt Counties, Colorado: U.S. Geo-

logical Survey Miscellaneous Investigations Map I-1113, scale

1:48,000.

1980c, Geologic map of the northernmost Gore Range and southern-
most Park Range, Grand, Jackson, and Routt Counties, Colorado: U.S.
Geological Survey Miscellancous Investigations Map I-1114, scale
1:48,000.

Steele-Mallory, B.A., 1982, The depositional environment and petrology of
the White Rim Sandstone Member of the Permian Cutler Formation,
Canyonlands National Park, Utah: U.S. Geological Survey Open-File
Report 82-204, 81 p.

Steele, B.A., 1987, Depositional environments of the White Rim Sandstone
Member of the Permian Cutler Formation, Canyonlands National Park,
Utah: U.S. Geological Survey Bulletin 1592, 20 p.

Steven, T.A., and Hail, W.J,, Jr, 1989, Geologic map of the Montrose
30’x60" quadrangle, southwestern Colorado: U.S. Geological Survey
Miscellaneous Investigations Map I-1939, scale 1:100,000.

Steven, T.A., Lipman, PW., Hail, W, Ir., Barker, Fred, and Luedke, R.G.,
1974, Geologic map of the Durango quadrangle, southwestern Colo-
rado: U.S. Geological Survey Miscellaneous Investigations Map I-
764, scale 1:250,000.

Stevens, D.N., 1961, Cambrian and Lower Ordovician stratigraphy of cen-
tral Colorado, in Berg, R.R., and Rold, J.W., eds., Symposium on the
lower and middle Paleozoic rocks of Colorado: Denver, Colo., Rocky
Mountain Association of Geologists Twelfth Field Conference Guide-
book, p. 7—15.

Stewart, J.H., Poole, EG., and Wilson, R.F,, 1972a, Stratigraphy and origin
of the Chinle Formation and related Upper Triassic strata in the Colo-
rado Plateau region: U.S. Geological Survey Professional Paper 690,
336 p.

1972b, Stratigraphy and origin of the Triassic Moenkopi Formation
and related strata in the Colorado Plateau region: U.S. Geological
Survey Professional Paper 691, 195 p.

Stone, D.S., 1977, Tectonic history of the Uncompahgre uplift, in Veal,
HXK., ed., Exploration frontiers of the central and southern Rockies:
Denver, Colo., Rocky Mountain Association of Geologists, p. 23—30.

1986, Seismic and borehole evidence for important pre-Laramide
faulting along the Axial Arch in northwest Colorado, in Stone, D.S.,
ed., New interpretations of northwest Colorado geology: Denver,
Colo., Rocky Mountain Association of Geologists, p. 19—36.

Strobell, J.D., Jr., 1956, Geology of the Carrizo Mountains area in north-
eastern Arizona and northwestern New Mexico: U.S. Geological Sur-
vey Oil and Gas Investigations Map OM-160, scale 1:48,000, 2 sheets.

Sweet, W.C., 1961, Middle and Upper Ordovician rocks, central Colorado,
in Berg, R.R., and Rold, J.W., eds., Symposium on the lower and mid-
dle Paleozoic rocks of Colorado: Denver, Colo.,, Rocky Mountain




A4

Association of Geologists Twelfth Field Conference Guidebook, p.
17—24.

Taylor, O.J., Hood, J.W., and Zimmerman, E.A., 1983, Plan of study for the
regional aquifer-system analysis of the Upper Colorado River Basin in
Colorado, Utah, Wyoming, and Arizona: U.S. Geological Survey
Water-Resources Investigations Report 83-4184, 23 p.

1986, Hydrogeologic framework of the Upper Colorado River
Basin—excluding the San Juan Basin—Colorado, Utah, Wyoming,
and Arizona: U.S. Geological Survey Hydrologic Investigations Atlas
HA-687, scale 1:2,500,000.

Teller, R.W., and Welder, FA., 1983, Ground-water potential of the Lead-
ville Limestone on the White River uplift in Garfield and Rio Blanco
Counties, Colorado: U.S. Geological Survey Water-Resources Investi-
gations Report 83-4036, 24 p.

Thaden, R.E., 1989, Geologic map of the Fort Defiance quadrangle, Apache
County, Arizona, and McKinley County, New Mexico: U.S. Geologi-
cal Survey Geologic Quadrangle Map GQ-1648, scale 1:24,000.

1990, Geologic map of the Buell Park quadrangle, Apache County,
Arizona, and McKinley County, New Mexico: U.S. Geological Survey
Geologic Quadrangle Map GQ-1649, scale 1:24,000.

Thaden, R.E., Trites, A.F. Jr., and Finnell, T.L., 1964, Geology and ore
deposits of the White Canyon area, San Juan and Garfield Counties,
Utah: U.S. Geological Survey Bulletin 1125, 166 p.

Thomas, C.R., McCann, ET., and Raman, N.D., 1945, Mesozoic and Paleo-
zoic stratigraphy in northwestern Colorado and northeastern Utah:
U.S. Geological Survey Oil and Gas Investigations Preliminary Chart
OC-16, 2 sheets.

Thomas, H.D., 1950, Summary of the Paleozoic stratigraphy of the Green
River Basin, Wyoming, in Harrison, J.W., ed., Southwest Wyoming:
Casper, Wyo., Wyoming Geological Association Fifth Annual Field
Conference Guidebook, p. 17—24.

1951, Summary of Paleozoic stratigraphy of the region about Raw-
lins, south-central Wyoming, in Brinker, W.F., and Blackstone, D.L.,
Jr., eds., South-central Wyoming: Casper, Wyo., Wyoming Geological
Association Sixth Annual Field Conference Guidebook, p. 32—36.

Turnbow, D.R., 1961, Devonian and Mississippian rocks of the Four Cor-
ners region, in Berg, R.R., and Rold, JW., eds., Symposium on the
lower and middle Paleozoic rocks of Colorado: Denver, Colo., Rocky
Mountain Association of Geologists Twelfth Field Conference Guide-
book, p. 71—80.

Tweto, Ogden, 1949, Stratigraphy of the Pando area, Eagle County, Colo-
rado: Colorado Science Society Proceedings, v. 15, p. 149—235.

1976, Geologic map of the Craig 1°x2° quadrangle, northwestern

Colorado:  U.S. Geological Survey Miscellaneous Investigations Map

1-972, scale 1:250,000.

1979, Geologic map of Colorado:

1:500,000, 2 sheets.

1980a, Precambrian geology of Colorado, in Kent, H.C., and Porter,

K.W.,, eds., Colorado geology: Denver, Colo., Rocky Mountain Asso-

ciation of Geologists, p. 37—46.

1980b, Geologic sections across Colorado: U.S. Geological Survey

Miscellaneous Investigations Map I~1416, scale 1:500,000.

1980c, Tectonic history of Colorado, in Kent, H.C., and Porter,

K.W., eds., Colorado geology: Denver, Colo., Rocky Mountain Asso-

ciation of Geologists, p. 5—9.

1987, Rock units of the Precambrian basement in Colorado: U.S.
Geological Survey Professional Paper 1321-A, 54 p.

Tweto, Ogden, and Lovering, T.S., 1977, Geology of the Minturn 15-minute
quadrangle, Eagle and Summit Counties, Colorado: U.S. Geological
Survey Professional Paper 956, 96 p.

Tweto, Ogden, Moench, R.H., and Reed, J.C,, Jr, 1978, Geologic map of
the Leadville 1°x 2° quadrangle, northeastern Colorado: U.S. Geologi-
cal Survey Miscellaneous Investigations Map 1-999, scale 1:250,000.

Tweto, Ogden, Shaw, E.S., Koschmann, A .H., Vanderwilt, J.W., and Beebe,
B.W., 1947, Road log for second day of field conference—Leadyville

U.S. Geological Survey, scale

REGIONAL AQUIFER SYSTEM ANALYSIS—UPPER COLORADO RIVER BASIN

to Glenwood Springs, in Field conference in central Colorado guide-
book: Denver, Colo., Rocky Mountain Association of Geologists, p.
19—28.

Tweto, Ogden, Steven, T.A., Hail, W.J, Jr.,, and Moench, R.H., 1976, Pre-
liminary geologic map of the Montrose 1°x2° quadrangle, southwest-
ern Colorado: U.S. Geological Survey Miscellaneous Field Studies
Map MF-761, scale 1:250,000.

Untermann, G.E., and Untermann, B.R., 1954, Geology of Dinosaur
National Monument and vicinity, Utah-Colorado: Utah Geological and
Mineralogical Survey Bulletin 72, 228 p.

Vanderwilt, J.W., 1937, Geology and mineral deposits of the Snowmass
Mountain area, Gunnison County, Colorado: U.S. Geological Survey
Bulletin 884, 184 p.

Waechter, N.B., and Johnson, W.E., 1986, Pennsylvanian-Permian paleo-
structure and stratigraphy as interpreted from seismic data in the
Piceance basin, northwest Colorado, in Stone, D.S., ed., New interpre-
tations of northwest Colorado geology: Denver, Colo., Rocky Moun-
tain Association of Geologists, p. 51-64.

Wallace, C.A., and Crittenden, M.D. Jr., 1969, The stratigraphy, depositional
environment, and correlation of Precambrian Uinta Mountain Group,
western Uinta Mountains, Utah, in Lindsay, J.B., ed., Geologic guide-~
book of the Uinta Mountains, Utah’s maverick range: Salt Lake City,
Utah, Intermountain Association of Geologists Sixteenth Annual Field
Conference Guidebook, p. 127—141.

Wanek, A.A., 1959, Geology and fuel resources of the Mesa Verde area,
Montezuma and La Plata Counties, Colorado: U.S. Geological Survey
Bulletin 1072-M, p. 667—721.

Wanek, A.A., and Stephens, J.G., 1953, Reconnaissance geologic map of the
Kaibito and Moenkopi Plateaus and parts of the Painted Desert,
Coconino County, Arizona: U.S. Geological Survey Oil and Gas
Investigations Map OM-145, scale 1:150,000, 2 sheets.

Wanless, HR., Belknap, R.L., and Foster, H.L., 1955, Paleozoic and Meso-
zoic rocks of Gros Ventre, Teton, Hoback, and Snake River Ranges,
Wyoming: Geological Society of America Memoir 63, 90 p.

Warner, L.A., 1980, The Colorado lineament, in Kent, H.C., and Porter,
K.W., eds., Colorado geology: Denver, Colo., Rocky Mountain Asso-
ciation of Geologists, p. 11—22.

Welder, G.E., 1954, Geology of the Basalt area, Eagle and Pitkin Counties,
Colorado: Boulder, Colo., University of Colorado M.S. thesis, 72 p.

Welsh, J.E., Stokes, W.L., and Wardlaw, B.R., 1979, Regional stratigraphic
relationships of the Permian “Kaibab” or Black Box Dolomite of the
Emery high, central Utah, in Baars, D.L., ed., Permianland: Farming-
ton, N. Mex., Four Corners Geological Society Ninth Field Conference
Symposium Guidebook, p. 143—149.

Wengerd, S.A., 1957, Permo-Pennsylvanian strata of the western San Juan
Mountains, Colorado, in Kottlowski, F.E., ed., Guidebook of south-
western San Juan Mountains, Colorado: Roswell, N. Mex., New Mex-
ico Geological Society Eighth Field Conference Guidebook, p. 131—
137.

1958, Pennsylvanian stratigraphy, southwest shelf, Paradox Basin, in

Sanborn, A.F,, ed., Guidebook to the geology of the Paradox Basin:

Salt Lake City, Utah, Intermountain Association of Petroleum Geolo-

gists Ninth Annual Field Conference Guidebook, p. 109—134.

1963, Stratigraphic section at Honaker Trail, San Juan Canyon, San
Juan County, Utah, in Bass, R.O., and Sharps, S.L., eds., Shelf carbon-
ates of the Paradox Basin: Farmington, N. Mex., Four Corners
Geological Society Fourth Field Conference Guidebook, p. 235—243.

Wengerd, S.A., and Strictland, J.W., 1954, Pennsylvanian stratigraphy of
Paradox Salt Basin, Four Corners region, Colorado and Utah: Ameri-
can Association of Petroleum Geologists Bulletin, v. 38, no. 10, p.
2157—2199. :

Whitaker, R.M., 1975, Upper Pennsylvanian and Permian strata of northeast
Utah and northwest Colorado, in Bolyard, D.W., ed., Deep drilling
frontiers of the central Rocky Mountains: Denver, Colo., Rocky
Mountain Association of Geologists, p. 75—85.




GEOLOGY OF PALEOZOIC ROCKS, UPPER COLORADO RIVER BASIN

Williams, J.S., 1969, The Permian system in the Uinta Mountains area, in
Lindsay, J.B., ed., Geologic guidebook of the Uinta Mountains, Utah’s
maverick range: Salt Lake City, Utah, Intermountain Association of
Geologists Sixteenth Annual Field Conference Guidebook, p. 153—168.

Williams, P.L., 1964, Geology, structure, and uranium deposits of the Moab
quadrangle, Colorado and Utah: U.S. Geological Survey Miscellaneous
Investigations Map 1-360, scale 1:250,000, 2 sheets.

Williams, PL., and Hackman, R.J., 1971, Geology, structure, and ura-
nium deposits of the Salina quadrangle, Utah: U.S. Geological
Survey Miscellaneous Investigations Map -591, scale 1:250,000, 2
sheets.

Wilson, E.D., 1962, A resume” of the geology of Arizona: Tucson, Ariz.,
Arizona Bureau of Mines Bulletin 171, 140 p.

Wilson, E.D., Moore, R.T., and Cooper, J.R., 1969, Geologic map of Arizona:
U.S. Geological Survey, scale 1:500,000.

A8S

Wilson, J.M., 1957, Cross Mountain section, in McKee, Edwin, ed., Colorado
measured sections—A symposium: Denver, Colo., Rocky Mountain
Association of Geologists, p. 54—58.

Witkind, 1.J., 1964, Geology of the Abajo Mountains area, San Juan County,
Utah: U.S. Geological Survey Professional Paper 453, 110 p.

Witkind, 1J., and Thaden, R.E., 1963, Geology and uranium-vanadium
deposits of the Monument Valley area, Apache and Navajo Counties,
Arizona: U.S. Geological Survey Bulletin 1103, 171 p.

Wollitz, L.E., Thordarson, William, Whitfield, M.S., Jr., and Weir, J.E., Jr.,
1982, Results of hydraulic tests in U.S. Department of Energy’s wells
DOE-4, 5, 6, 7, 8, and 9, Salt Valley, Grand County, Utah: U.S.
Geological Survey Open-File Report 82-346, 71 p.

Zapp, A.D., 1949, Geology and coal resources of the Durango area, La
Plata and Montezuma Counties, Colorado: U.S. Geological Survey
Qil and Gas Investigations Map OM-109, scale 1:31,680.



PROFESSIONAL PAPER 1411-A

e
_ U.S. DEPARTMENT OF THE INTERIOR . Geographic and structural features—PLATE 1
science forachangingworld U.S. GEOLOGICAL SURVEY Ar(iazong,' Colorado, New. M%))I(i%o. ?J%%OQ%BO\(;V\%RIME, eggﬁhin%%?e Ran Juan Basin

N | ; me ne - . wee 1080 o, e e -
e . 110° 110° 108° 106°
o' 10 N
MIDDLE 8\ 9\ WYOMING
|  Rocky AR a%
MOUNTAINS £ % %2\ Powder
0 &7 - ° River
. . Basin \
Boysen
Reseruvoir orth Plaz, l'—'43u
a8 : ’ DN
" . « 114° 112° &
' . - T ’99"’6
A < O ‘
tc
. =G 104°
b ks " 41°——, g' § l ‘ _410
a . 4 , (e} ° . & ‘
Pioeye . , " Salt Lake A &
_ o . > City 8 ) Soun P
' g. ') %ﬂn : " f’ Wﬁ.\w %:1&9'9/& ‘ é COLORADO
s n.{ % z ¢ é" \ ‘,‘f b ..’, K ¥~ ‘%Ma 1 2 \{ Denver
; ) ;5_’ - %‘.%& 5 ”q‘,’f - . OREGON BUTTES - acg{ i%gea - o6 : ' ; - |
. * \x ontanefle | " I Ay ! o renella o Denver ,
320 .‘“I D A !.i . : .k % .%) me . . ' m A 439‘33- .. ' %@é : ‘!& a%e i A\ \ Reservoir % ‘.' Basin |—'39
‘ U UTA : ' 5t BASIN 4 - .
. CCUTAH o N\ R % Jo . )
E z » . . . ® Q?’ g A"/fa,,
< 'E dKemmarer - g . " ¥ O . s River
v I ) = o’ €' »
'R DI ;“? ® Green - l, X oCh GREAT |
& River g , SAGE ( Jot,,  PLAINS
| /™ - NGS5 Rock Spping: . 2 \Sas; N
) = ég‘ég. % » BASIN 37°— n T —37
' - . . . 3 " . * > :
L . ' : ’ ' g ﬂ){ %) r : a“.% ; g ROCK o
a » , . . f . < fa) P (@)
I . Emmlo ‘. ‘5:5{' WASHAKIE BASIN \‘%I § slf,gmfrs F gj. ‘
e & e 3 Flaming Gorge
- ' @ @' Flaming Gorge % % . Quartzi' %‘“ ’ . - ¢ = gqm‘u;u' ) E |
410 . : ( & =X %#“"% e . WYOMING| - -t ws::T’ 41° — 41° ' o
= s s B 3 o w gy - - o o o sy o 2t 9ty - — o il W . Si Mad o, & o
) 4 | ¢« 1 _3 Manika C" BRoyne 4% 2 ‘UGARLOAF , & "\ OL O R A DO ) ner;:z ulta re 35 -—( A % p, COLORADO — 35
. § 2, 5 MQUNTNNS% o, o\ BUTTE s? SAND 0’% u ‘90//0 “ PLATEAUS NEW MEXICO
MOUNTAGASSTZ, p o7 VT % DN , B An e %%% 5"" , \ S | 3 |
.‘.'” ' LA\ R Ol o8 MONUMENT 48 A l - s - §
‘ D o B v, NamEs %"%""4 W oMyt - ' - MOUNT . , Riuen © Mourtaing S |
. s .[S ‘%f Luake i \-; "{, ] _,.';‘ Ras -7 “ 0 % R, ,ﬂﬁ{;n , . let“m J" “"" HOCKY ‘ > ~ RABBIT EARS o Phoenix SO“ &
'3  Currany " { Vemsio gy P 7, JU*"“‘S:Q%Q A By, intoat( N My Ears ranGE] {3 MOUNTAIN \ Roosevelt '\ . RANGE 10¢° ’ Gil g
. ' . g . Creek Paak 5 Q‘% \ (v} Jm y {lﬁ, N 9405 ; ”7);, MW Sprirgs te PSS O \ NATIONAL s U\N“)k‘ T 6 B . 33 a River —33
Powo o A Strawberry Vi ' L, INLEY : Q"’é,awﬁ Y 4@% . e ‘o
- Y Velley G - 4y Oy Monye  iak . \ @ ~ l
- DalsPass \ J VStrwberry Res : B @ o N Granlgy CR s ~ A 45] ~w ARIZONA
ot < uchesne —Q
il % vy W p S Rangely o Mecker 43 9 G s A %&5 e 3 e < BASIN AND|RANGE —— = \
" ) 5 : & Buforg Gppers Lake \ N &~ 40° — — - .
v S %26' UINTA BASIN o % ] . & g pmMcCo n St : oé \ L | 106 104
i : 8 . BuRRO MTN® V0 SR, %, Q’J | —108°
' ~NS ¢ QY peeance Gy L Opg/SBuma G Sy S\ oo g < 1120 |
: - eafieid i & i< 8 BASIN & %Ck by ' Y, Smetwamf;qs G}% P [ & . 110°
. ! Res %I— % o <l 3 Ao &g W NG . % . § < 0 50 100 MILES
- Wiey, 1o Si - PARATRY A oelon T Urage ol MmO ok %
* % WPrice o ~{a 3 BRaCA0oKAUT. T Avor O il “
i3 % Vo Pla Q. o BV roa . TN e, ; R 0 50 100KILOMETERS
/g Y ¥ LRy ot 1o 6 aarnewen PR N T Frme o €
' ' S 3 ek % 5, , ¥ L. /" T mEsa, CatendeleDk R e 1% e ¢ *Fhio0siER [ 06°
/ g k. o e w00t r%\\l’ﬁ*" e &3' ‘ W@Q‘ % e Reserootr fag INDEX MAP SHOWING LOCATION OF UPPER COLORADO RIVER BASIN
_-gf ‘%% Crggy, 200 @99‘ ek ¢§" g §§ o Q?AW‘QQ WITH RESPECT TO PHYSIOGRAPHIC PROVINCES
1130 L < Canyon ' R - Gr4 ; Fork § 2 :
v G~V T boororapdpd SGwnddancion ) Mesq &, (% - 3
» R : 4/, NATIONAL © Y 3 Mrg® o B
" %N AN AFAEL‘%()»L__ A NATIONAL . ) . B i 5 s Vg "y MOUNT
g DESERT % %H ; &L MONUMEL & o D 3?‘4# 0 4 HARVARD
} :a% & £ td et - TG » WEST ELK- A
f Ny @, e " 4 west A MOUNTAINS \3
f g 0\3‘ &8 % 1 * 1 ' TaGatewny Daiia , ELK Lol ( DNE3
g qx" & Q> CANYONLANDS % 3 ) L MOUNTAINS ; Blue Mesa \
N Qp‘{: @V‘e o NATIONAL o yMozh ‘:.: g '6’4. e‘@q‘, 2 Res K Gunnison f,& o Garfield Reservoir 0 o
‘; § ..Hh« b$ % PARR .Pctash %‘z&:l’:ﬁg}, " % b %, Biue Mesa u g \ ! o %OUNTA'NS \( :l‘fieldk 3 EXPIANATION
5 %\g‘q .\‘0‘- i a0 " ‘ " Nt A a” ! 1 ﬂ% ZNE .\ y ?\.N{E'A . & . />\,’:BAS|N '—’\\j
" % Pra . RIS &, WHITERIM oIN THE] A R GUNNISON e . [/ 2
Ll &4&‘" :o""' V% %% 5’5:‘?’;’% JLSKY .*“ %’ ‘%% 9 : ' 3 $ oNucla " 4 K '%_ é‘ S \< . T + Anticline ———— Fault, generally high angle
. & iRl ~CAPITOLREEF \3 (.0 S S, ta a.% Y 4 : & / [SAN JUAN
RN A - . NATIONAL \Z ° 2 X A s . MOUNTAINS —*— -
. AP ey 14 PARK ¥ THE 2 : ; '%‘ » 2 S : IOUNTA s Syncline === Fault zone
386 b, ® ‘a;z 33\%;{;& 4 : s % . Ouy f- . - .J Lake City
' _ v&‘?}i X ' | \§ : ‘ i ‘ % :lam M MT SNEFFELS PP S o /’/1';7 & +> Plunging anticline ———— Graben
) \‘%) 4 SAN MIGUEL  Shiverton,, fowt’ T BOUNDARY OF 4
Uy 3 T3 e UPPER COLORADO
& ;(i:‘%@ %}e‘ \\a i Mouug; .ﬁgﬁ‘" Vi, RIVER BASIN (— — ‘-—i—-—’ Dome or doubly plunging ——L_—"T—' Horst
,§9‘Y LANAAN RN 2%, A\ ! T g s T - Ung - T —_— UPPER COLRABD anticline
\ Sg‘”. o®{ PEAK © BN % &%% < oot $‘° o Tams. . ‘ L I{\_/ RIVER BASIN —4—4—4-  Thrust fault, teeth on upper
& /Q‘ & g % ‘% A cPhee.' ta N:LATR § E & . 0"‘.‘ MS;IVL\JIXIFESIT E &2 -\\ .. plate
4 ' va . & , 1 e o Rockwood 7 ‘t g v . ; / | m——  Boundary of structural feature, shown only where boundary
K % %Q‘%‘% SRAS F : srbpemd iEme O oo y /NATLPARK, |5 s { m 8 . ~ s‘lvo’eeping ~ Durgm n: does not coincide with a fault
\ 4 & \ R mumﬂn{ g  Dusstgo o, RESERVATION Ute Mt >
- BUCKSKIN v - O ke Har AN { e DN pmsione M , Rebvajo e Structural basin
- Utan ™ GLEN \ NAVAJO Cry \} RESERVATION l § : . Motintain -~
7 nEizons ! YOHSAS Y e MOUNTAIN _ MONUMENT ,_ FOUR N pancosB ; (< JCOKORADO 370 ~\Dome __ 55?1;_'3 ‘:{E?_(',)"’N&RS. Unlift
‘ : bl - g e e e DI g e o e -2 e e ' {f‘, LATFORM _s pli
L rama : nMWﬁA seal VALLEY P S connens ""'T & {(Nevsjo NE W}M EXICO ‘ Coit.O »
. Ferry \Navalo a - 0&9 o 4 i & W Resgruoir ) \‘Shiyéuck f
RMI,‘?J‘O)\% * e - . »® ) wm cf“x % *‘5 : (o) anningtd .I 4
; Q?Q Cf (’g\mmu PLATEA’. 'J.O\ . « : . ,/ ‘
S . . . : . N \
%{J % e *e %i ' g SAN JUAN BASIN } ' | )
g 47 \
E, "™, 8 1, CANYON ~ s \
g A - ) AREA EXCLUDED FROM STUDY }
; 2 et / \\/v."
e / . BLACK MESA % — 07
“BEO pom 36’ L . BASIN ._‘. 6°
106° - ) _/ 2
' ’ — . B2 \/ .
' 7T © Gallup e
'; - — e _ s ' Map of structural features modified from maps by Grose (1972), Baars (1983), and
130, , 1120 ' e e m§§. L - . Tolbrook Taylor and others (1983), based mainly on Williams (1964), Roberts and others (1965),
: : Holbrook ™ ! 2.1 Ritzma (1969), Williams and Hackman (1971), Haynes and others (1972), Cashion
i O : . ' . i 110° (1973), Hackman and Wyant (1973), Tweto (1976), Tweto and others (1976, 1978),
. _ g, : ) 1:2.000.000 Snyder (1980a, 1980b, 1980c), Hansen (1986a), Stone (1986), Blackstone and
. N\ % - ILLUSTRATOR NOTE: N e DeBruin (1987), and Lageson (1987) and on isopach and lithofacies maps prepared
N ‘ . ; s ' 0 25 50 75 100 MILES for this report.
' , DIGITAL IMAGE FOR GEOGRAPHIC FEATURES MAP ‘r l L I ll ] 1 J
: IS FOR POSITION AND REVIEW ONLY. * 0 25 50 75 100 KILOMETERS Map of physiographic provinces modified from Howard and others (1972).
: ' " FINAL ARTWORK IS IN NEGATIVE FORMAT '
» . - AND NEEDS TO BE POSITIONED AS SHOWN
2
. i . “
o “'on , 350 AFTER ART IS-POSITIONED, DELETE THIS IMAGE AND NOTE! STRUCTURAL FEATURES
: ' : W o ‘ 1:2,000,000 o ’
0 25 50 75 100 MILES
| 1 ] 5 J
i | 1 I |
0 25 50 75 100 KILOMETERS
GEOGRAPHIC FEATURES

g et GEOGRAPHIC AND STRUCTURAL FEATURES OF THE UPPER COLORADO RIVER BASIN AND VICINITY IN ARIZONA, COLORADO, NEW MEXICO, UTAH, AND WYOMING

U.S. base map, 1:2,500,000
By

Arthur L. Geldon
2002




PROFESSIONAL PAPER 1411-A

-
< U.S. DEPARTMENT OF THE INTERIOR o e Ll L e e e
science for achangingworld U.S. GEOLOGICAL SURVEY Arizona, Colorado, New Mgexico, Utah, and Wyoming, excluding the San Juan Basin

SALT RIVER WYOMING GREEN RIVER WIND RIVER MTS
RANGE RANGE BASIN

A !
EXPLANATION

FEET
15,000

8
g
:
10,000 4%

Mt Coffin

Geologic Map Units—Quaternary alluvium and colluvium not shown

Cottonwood Creek
—Bend in section

1 Wind River thrust
Green River Peak

L 4

Absaroka thrust
New Fork River

Green River

{ Pospect thrust

— Bend in section
il North Piney Creek

5,000
NGVD of 1929 ,
-5,000 2

Tertiary sedimentary rocks

- Tertiary igneous rocks

Mesozoic sedimentary rocks

UINTA BASIN UINTA MOUNTAINS B'

SAN RAFAEL SWELL

Permian formations composed of shale, sandstone, chert, carbonate rocks,
evaporites, and phosphorite. Not shown generally in Overthrust Belt
because of scale

Book Roan
FEET Capitol Cliffs Cliffs
10,000 Reef
5,000 =
NGVD of 1929
-5,000

=
v
2
4]
o]
3
&
s
%

Price River

Permian and Pennsylvanian quartz sandstone. Includes minor interbedded
carbonate rocks and shale. Not shown in White River Plateau, Elk
Mountains, Monument Upwarp, and Grand Canyon area because of
scale

o

C C'

Ié UINTA MOUNTAINS SAND WASH BASIN PARK RANGE - Permian and Pennsylvanian formations composed of sandstone, shale,
& and interbedded carbonate rocks. Not shown in Wyoming, except in
|-l
S

Rawlins Uplift, because of scale

Green River

Eagle Valley Evaporite and Paradox Member of Hermosa Formation—
Bedded evaporites of Pennsylvanian age. Shown only where prominent
outcrops are present

5,000

NGVD of 1929
-5,000
-10,000
-15,000
-20,000 -

Belden and Molas Formations—DBlack shale with interbedded carbonate rocks
and minor gypsum overlying a thin red shale regolith. Formations are mostly
Pennsylvanian in age. Shown only where Eagle Valley Evaporite crops out
in northwestern Colorado

D D’

EAGLE BASIN GORE FRONT
RANGE Mississippian, Devonian, Ordovician, and Cambrian formations—Composed
of limestone and dolomite with interbedded quartzite, sandstone, and

p¢ n el shale

ARCH

Elé DOUGLAS CREEK PICEANCE BASIN WHITE RIVER PLATEAU
El
'S

Grand Tv
15,000 T Hogback PP M€ 7 PP

NGVD of 1929 —— S, R 2. ) QR ' e ‘ . - Precambrian sedimentary rocks and slightly metamorphosed sedimentary
: — — X rocks

Colorado River
3\ Williams Range
fault

! Blue River

White River
Plateau

-15,000
-20,000

Precambrian igneous and metamorphic rocks

CIRCLE
KAIPAROWITS CLIFFS
BASIN UPLIFT

iver

HENRY MTS BASIN MONUMENT UPWARP 23 PARADOXBASIN ~ UNCOMPAHGRE : Ié Geologic Cross Section Units

PLATEAU
\5 1S Sedimentary rocks Igneous rocks

Henry

FEET  Straight Mountains

Cliffs
10,000 i
5,000 ===
NGVD of 1929
-5,000 -

Waterpocket
Fold
River

Castle
Valley JR

Colorado R
Moab

’ Dirty Devil
(Green River

PP

M T Tertiary sedimentary | Tertiary volcanic
= rocks rocks

Cretaceous sedimentary - Tertiary intrusive

F - . : . F' Mz Mesozoic rocks rocks
ADOX UNCOMPAHGR SAN JUA sedimentary

BASIN PLATEAU MOUNTAINS
E ! é rocks JR Jurassic and Triassic Cambrian intrusive
)
'8

sedimentary rocks rocks

Lake Fork
Gunnison River

Uncompahgre
River

JR Tv PP Permian and | P€8 | Precambrian granitic
T Pennsylvanian | Ps | Pennsylvanian ) rocks

sedimentary — Paradox Member
rocks of Hermosa Formation PE€m | Precambrian
metamorphic rocks

Thousand
Lake Mtn

NGVD of 1929 | PF
-5,000 ==
-10,000
-15,000

Mississippian, Devonian,
Ordovician, and pt Precambrian

G G' Cambrian sedimentary igneous and

é FOUR CORNERS PLATFORM SAN JUAN MOUNTAINS rocks metamorphic rocks
5

o

o a4
f Mc-mce.floi

&5

Mt

pEs Precambrian
sedimentary rocks

Dove KCre

(1)

Needle
La Plata Mountains
M€

ohument < i
Mountains

pwarp G+

=
A
Los Pinos River

Vallecito Creek

Animas River

Dolores River

Y 'l e ‘ - BOUNDARY OF ]
) UPPER COLORADO ’ — =7 —

) Plata € ) - 5,000 —1— e TE —— — PP _ | - ’

Cortez La £ ' A A ‘* & ?/ RIVER BASIN NGVDof1929-{___ PP e p€m :

b=

i

|
|

Line Symbols

e -5,000

] [ -10,000 p€
Sleeping Ute :
l Mtn
OLORADO

( -15,000
NEW MEXICQ

(054
Y W/ Aztec
prock P\\x\ 5

o
(v}

Fault—Barbs (in figures 5 and 6) indicate relative directions of movement

37°

Navajo

Reservoir / ——— Geologic contact—Dashed where approximately located
KAIBAB KAIPAROWITS BASIN MONUMENT

PLATEAU

g s
H 4

3

g

Paunsaugunt
AREA EXCLUDED FROM STUDY } FEeT  Plateau Buckskin
10,000 — T K Mountain

g 5000 Jp I
NGVD of 1929 4+— o

/_/ 107° -5,000

QA armingron UPWARP A —— A’ Location of geologic cross section shown on plate 2 and figures 5 and 6

T

Straight
Cli

East Kaibab monocline
Colorado River

—* 36° The geologic map was compiled from 1:500,000-scale State geologic maps prepared
_/ by Dane and Bachman (1965), Wilson and others (1969), Tweto (1979), Hintze (1980),
and Love and Christiansen (1985). Geologic cross section A-A' was prepared from
SAN CHUSKA DEFIANCE TYENDE MONUMENT reports by Richmond (1945), Rubey (1973), and Royse and others (1975), and unpub-

;XQINN MOUNTAINS PLATEAU SADDLE UPWARP lished borehole logs; sections B-B' through H-H' were modified from Hintze (1980) and

Tweto (1980b); section I-I' was prepared mainly from Harshbarger and Repenning
(1954), O'Sullivan and Beikman (1963), Haynes and others (1972), and unpublished
borehole logs. The intersection points of cross sections are not shown here and else-
where in this report. The sections are taken from the work of other authors and thus
represent different interpretations and generalizations. Showing the intersection points
could give the misleading impression that errors were made in drawing one or both of
the intersecting sections.

"

Bend in
section

g
4
O
g
-
5
g
=
L8]

Chinle Wash
Gypsum Creek

1:2,000,000 ;E;Eo'g

25 50 75 100 MILES NGVD of 1929
1 : | | | ] -5,000
25 50 75 100 KILOMETERS

\ Tsaile Creek

San Juan River

O —q— O

25 50 MILES
J

| T
25 50 KILOMETERS

GEOLOGY VERTICAL EXAGGERATION X 2

O —0

GEOLOGIC CROSS SECTIONS

1B e o GENERALIZED GEOLOGY OF THE UPPER COLORADO RIVER BASIN AND VICINITY IN ARIZONA, COLORADO, NEW MEXICO, UTAH, AND WYOMING
By
Arthur L. Geldon
2002



o
= U.S. DEPARTMENT OF THE INTERIOR

science forachangingworld U.S. GEOLOGICAL SURVEY

PROFESSIONAL PAPER 1411-A

Thickness of and depth to top of Paleozoic rocks—PLATE 3
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Fontenelle
Reservoir

mfv
Flaming Gorge
—4,0000 servoir
2 < -

115 b >

Strawberry = N,

Valley areaﬁ;\\j
M/m

S~ —

40°

‘\

%

ol

Bluff

Lake

Pouwell

e, i
i Shiprock '\\‘“'G% Aztec
S RS
Ve & Farmington

—— —————— —

NEW MEXICO

\

\

AREA EXCLUDED FROM STUDY

108°
1:2,000,000
0 25 50 75 100 MILES
- | ] ] 1
| ] I | ]
0 25 50 75 100 KILOMETERS

THICKNESS OF PALEOZOIC ROCKS

I [NV
\ hy Ml 4V
N Blug Mash

AR

Pagosa
Springs g

Navajo
Reservoir

~
0

Y~ GuwinT:

_ 4~ Gu NG PN
23 Skorunli 0-"= ’

’\X‘ ‘H-;v(r\/\ - \ ' Zui)

BOUNDARY OF
UPPER COLORADO
RIVER BASIN

\__iontenelle
Reservoir

\ -~ \

N~

~, d N

\ ska Ci \

| HlJIka Oy,
N

W) fay i A A o
Rlrde Wy N g 38
Monticello | %./ ) S -
2,600 1 %] Gerton ¢ ,> :’ ' 107
/o ™ .
ove el BOUNDARY OF
rall = UPPER COLORADO
(@ ;- 07—~ RIVERBASIN

.
Pagosa ;
R

Springs
e e — - _A:/_%.”__J.mo
/> hy 00 .
e, NEW MEXICO ’}\tuxr(]»«,;‘ ‘
20 oo Leservoir
1 hiprock [ a8 3 Azter .

‘%"’ - & Farminaton /

l,a k‘e
\ Pouwell

- &

<\,/_.

) ‘
| |
o )

AREA EXCLUDED FROM STUDY\ \
. XJW
\ 7

/ )L}\a
. "

”
.

.

108°
1:2,000,000
0 25 50 75 100 MILES
| ] 1 1 J
| | | I |
0 25 50 75 100 KILOMETERS

DEPTH TO TOP OF PALEOZOIC ROCKS
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- Area where the Paleozoic rocks crop out (generalized). Blue
indicates Canyonlands aquifer, purple indicates geologic
units below Canyonlands aquifer

~ . ->-1 Area where the Paleozoic rocks are missing because of
erosion or nondeposition or are thrust beneath Precambrian
rocks

Area where the top of the Paleozoic rocks is below the
Canyonlands aquifer (see table 1 for component
geologic units)

Thickness of Paleozoic rocks

—1,000— Line of equal thickness of Paleozoic rocks, excluding
Paleozoic rocks above Charleston Thrust Fault in
Strawberry Valley area, Utah—Interval generally
is 1,000 feet; 2,000 feet in northwestern Colorado
near Sawatch Range because of abrupt thickness changes

Depth to top of Paleozoic rocks

—s5,000— Line of equal depth to top of Paleozoic rocks—Interval
north of Uncompahgre Plateau is 5,000 feet; interval to
south is 2,500 feet

Sources of information used to complete
depth to top of Paleozoic rocks map

A

Sources for area

A: Richmond (1945); Wanless and others (1955)

B: Hansen (1965b); Schell (1969)

C: Huddle and McCann (1947b); Huddle and others
(1951); Bissell (1952); Baker (1976);
Bruce Bryant (U.S. Geological Survey,
oral commun., 1990)

D: Donner (1949); Bass and others (1955);
Severy (1955); Sharps (1955); Bass and
Northrop (1963); Segerstrom and Young (1972);
Stewart and others (1972a, 1972b); Snyder
(1980a, 1980b); and American Stratigraphic Company
(unpublished drilling logs)

E: Hubert (1954); Stewart and others (1972a);
Bryant and Martin (1988)

F: Welder (1954); Freeman (1971, 1972);
Stewart and others (1972a)

G: Thomas and others (1945); Mull (1960);
Bass and Northrop (1963); Lohman (1965);
Gaskill and Godwin (1966a, 1966b); Gaskill
and others (1967); Godwin (1968); Stewart
and others (1972a, 1972b); Collins (1977);
and Maclachlan (1987)

H: Eckel and others (1949); Cater (1955a, 1955b);
Cater and others (1955); Bush and others (1959,
1960); Donnell (1960); Luedke and Burbank (1962);
Stewart and others (1972a); and American
Stratigraphic Company (unpublished drilling logs)

Except where noted, map prepared from I: Zapp (1949)

maps showing (1) depth to top of J: Harshbarger and Repenning (1954); Strobell (1956);
Ol et st arid enuivalents (7] Cooley and others (1964); Stewart and others (1972a);

thickness of Glen Canyon Group and
equivalents (both from Geoffrey Freethey and Hackman and Olson (1977)

?fnfﬁilfﬁﬁﬁguféﬁﬁgﬁiﬁ dS(L:‘,,’)"ey’ K: Gregory and Moore (1931); Phoenix (1963);
thickness of Chinle and Moenkopi Witkind and Thaden (1963); Cooley and others
(1964); Stewart and others (1972a, 1972b);

Formations and equivalents, either from
Freethey and Cordy (written commun., and American Stratigraphic Company (unpublished
drilling logs)
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1984-85) in shaded area or Stewart and
others (1972a, 1972b) in unshaded area

Base from U.S. Geological Survey
U.S. base map, 1:2,500,000
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MESOZOIC ROCKS

EXPLANATION

Precambrian rocks

Sedimentary rocks and low-grade metamorphic rocks—Includes the Uinta
Mountain, Unkar, and Chuar Groups, Uncompahgre Formation, and unnamed
rocks in the Defiance Plateau—Four Corners area

= —\L [ Granitic rocks and related intrusives

| Metamorphosed sedimentary rocks—Includes gneiss, schist, quartzite, and
’ marble

Metamorphosed volcanic rocks—Includes greenstone, amphibolite, and

meta-tuff
° Borehole with lithologic log used to prepare map
+ Measured surface stratigraphic section used to prepare map

Mesozoic and Paleozoic rocks

Jurassic

- Entrada and Wingate Sandstones— Sinbad and Timpoweap
Tan, white, gray, pink, and red, Members of Moenkopi
locally conglomeratic sandstone Formation—Gray, vellow,
orange, and green limestone,

Triassic dolomite, siltstone, and
sandstone
Lower Member of Dolores
Formation; Gartra, Mossback, - Dinwoody Formation—Green
and Shinarump Members of and gray shale and limestone
Chinle Formation—Yellow, tan, with anhydrite
gray, and orange sandstone and
conglomerate with siltstone Goose Egg and State Bridge
Formations (upper part)}—
- Hoskinnini and Tenderfoot Mostly red and brown,
Members of Moenkopi locally green siltstone and
Formation—Red and brown claystone with thin sandstone,
sandstone, conglomerate, and anhydrite, and carbonate
siltstone layers

Mesozoic rocks eroded or not

Church Rock, red siltstone, and

Petrified Forest Members of deposited—Paleozoic rocks

Chinle Formation; lower slope- overlain by Tertiary Wasatch

forming and lower red members Formation

of Moenkopi Formation; and i

Woodside Shale—Generally red, AT “| Mesozoic and Paleozoic rocks

locally gray, green, or variegated a thrust beneath Precambrian

claystone and siltstone, with thin rocks or area in which

sandstone layers Mesozoic and Paleozoic rocks

are missing because of erosion

- Ledge-forming member of or nondeposition

Moenkopi Formation—Red,

brown, and gray fine-grained Area where Paleozoic rocks

sandstone and siltstone crop out

Base from U.S. Geological Survey
U.S. base map, 1:2,500,000
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Localities

Snake River Canyon (Wanless and others, 1959)

Granite Creek (Foster, 1947; Wanless and others, 1959)

Boulder area (Love, 1950)

Beaver Creek (Keefer and Van Lieu, 1966)

Rawlins area (Berry, 1960)

Amerada 1-Fossil (American Stratigraphic Co., unpublished)

Champlin 1-Brady 12-11 (American Stratigraphic Co., unpublished)
Gulf 1-Slater Creek (American Stratigraphic Co., unpublished)

Lake Fork (Huddle and others, 1951)

Whiterocks River (Kinney, 1955)

Diamond Mountain (Ritzma, 1959)

Johnson Draw (Untermann and Untermann, 1954)

Cross Mountain (Wilson, 1957)

Juniper Mountain (Abrassart and Clough, 1955)

Tenneco 1-Antimony Canyon (American Stratigraphic Co., unpublished)
American Metals Climax 1-Red Hills (American Stratigraphic Co., unpublished)
General Petroleum 1-Schutte (American Stratigraphic Co., unpublished)
Northwestern White River Plateau (Hallgarth, 1959)

Southeastern White River Plateau (Bass and Northrop, 1963)

Minturn area (Tweto and Lovering, 1977)

Hoosier Pass area (Singewald, 1951)

Cement Creek (Mallory, 1957)

Midwest Exploration 1-Elk Ridge (American Stratigraphic Co., unpublished)
Bass Trail (Noble, 1922)

Sinclair 1-Navajo (American Stratigraphic Co., unpublished)

Shell 1-Bluff (American Stratigraphic Co., unpublished)

Gulf 1-Fulks (American Stratigraphic Co., unpublished)

Stag Mesa (Baars and Knight, 1957)

Cactus Drilling 1-Navajo 85-15 (American Stratigraphic Co., unpublished)
Union 1-Navajo 166 (American Stratigraphic Co., unpublished)

Sheep Mountain (Richmond, 1945)

Squaw Creek (Keefer and Van Lieu, 1966)

California 3-Green Mountain (American Stratigraphic Co., unpublished)
Exxon 1-Bullpen Creek (American Stratigraphic Co., unpublished)
Mountain Fuel Supply 1-Broff (American Stratigraphic Co., unpublished)
Rock Creek (Huddle and others, 1951)

Hells Canyon (Thomas and others, 1945)

Black Box, composite (Gilluly, 1929; American Stratigraphic Co., unpublished)
Main Elk Creek (Thomas and others, 1945; Bass and Northrop, 1963)
Elk Mountains, composite (Mallory, 1957; Bryant, 1979)

Pando area (Tweto, 1949)

Pan American 1-Charles (American Stratigraphic Co., unpublished)
Animas River (Larsen and Cross, 1956; Wengerd, 1957)

Tenneco 1-Johns Valley (American Stratigraphic Co., unpublished)
Superior 14-2 (American Stratigraphic Co., unpublished)

Comb Wash, composite (Gregory, 1938; American Stratigraphic Co., unpublished)
Underwood 1-32 Jacob Lake (American Stratigraphic Co., unpublished)
Lees Ferry area, composite (Phoenix, 1963; McKee, 1982)

Sinclair 1-Navajo (American Stratigraphic Co., unpublished)

Tenneco 1-Navajo 8939 (American Stratigraphic Co., unpublished)
Bonito Canyon (Read and Wanek, 1961)
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EXPLANATION

Rock Types

Arkosic and graywacke

Quartz sandstone and quartzite -

sandstone

Ly
- Red shale and fine-grained
sandstone

Glauconitic and micaceous shale

and fine-grained sandstone

Line Symbols

Contact between geologic formations or groups

————— Contact between different lithologies within a geologic formation or group

~~——~—— Base of Paleozoic rocks uncertain because of incomplete penetration by
boreholes or measurement of surface stratigraphic sections in vicinity

Borehole or measured surface stratigraphic section. Boreholes are indicated
by reference to American Statigraphic Company

Symbols Used for Geologic Units

Permian

Pc Cutler Formation

Pcm Cedar Mesa Sandstone of Baars (1962)

Pco Coconino Sandstone

Pd De Chelly Sandstone

Pe Elephant Canyon Formation of Baars
8962)

Pg Goose Egg Formation, lower part
Ph Hermit Shale
Pha Halgaito Shale of Baars (1962)

Permian and Pennsylvanian

PPm Maroon Formation

PPs Supai Formation or Group

Pennsylvanian

Pb Belden Formation
Pev Eagle Valley Evaporite
Pg Gothic Formation of Langenheim (1952)

[Ph Hermosa Formation

Pennsylvanian and Mississippian

PMa Amsden Formation
[PMbm Belden and Molas Formations
PMd  Doughnut Shale

Mississippian

Mh Humbug Formation
Mi Leadville Limestone

Devonian

Dd Darby Formation
Ddy Dyer Dolomite
De Elbert Formation

Ordovician

Ob Bighorn Dolomite

Cambrian

€b Bright Angel Shale and equivalents
€d Dotsero Formation

€f Flathead Sandstone

€g Gallatin Limestone

€gv Gros Ventre Formation

€i Ignacio Quartzite

€l Lodore Formation

Pk
Po
Pp

Pph

Psc

Ps

R

PPw
PPwe

Pm
Pmo
Pr
Prv

PMhm Hermosa and Molas Formations

PMm
PMm

Mm
Mml

Mr

Do
Dp
Dt

Om

€ly
€m
€ma
€o
€p
€s
€t
€tp

Gray shale, limestone, and
dolomite

Limestone and dolomite

Limestone, dolomite, sandstone,
and shale

Anhydrite and halite with shale
and carbonate interbeds

Kaibab Formation
Organ Rock Shale of Baars (1962)

Park City Formation of McKelvey
and others (1959)

Phosphoria Formation of McKelvey
and others (1959)

Schoolhouse Member of Maroon
Formation

State Bridge Formation, lower part
Toroweap Formation

White Rim Sandstone of Baars (1962)

Weber Sandstone

Wells Formation

Minturn Formation
Morgan Formation

Rico Formation

Round Valley Limestone

Tensleep Sandstone

Molas Formation

¢ Manning Canyon Shale

Madison Limestone

Mission Canyon and Lodgepole
Limestones

Redwall Limestone

Ouray Limestone
Parting Formation

Temple Butte Formation

Manitou Dolomite

Lynch Dolomite

Muav Limestone and equivalents
Maxfield Limestone

Ophir Shale

Peerless Formation

Sawatch Quartzite

Tintic Quartzite

Tapeats Sandstone and equivalents

CHANGES IN STRATIGRAPHIC NOMENCLATURE AND LITHOLOGY WITHIN THE PALEOZOIC ROCKS OF THE UPPER COLORADO RIVER BASIN IN ARIZONA, COLORADO, NEW MEXICO, UTAH, AND WYOMING,
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, - -~| Area where Flathead aquifer is missing because of erosion or nondeposition
or thrust under Precambrian rocks

° Borehole with lithologic log used to prepare map

+ Measured surface stratigraphic section used to prepare map

Stratigraphic Nomenclature and Thickness

Area where Flathead aquifer crops out (generalized)

—100— Line of equal thickness—Approximately located in southwestern Wyoming and
northeastern Utah because of sparse control. Interval is 100 feet

Approximate boundary between component geologic units

L —— L' Location of stratigraphic cross section shown in figures 12 and 13

Lithology

Quartzitic, dolomitic, and glauconitic sandstone and quartzite with
conglomerate and shale interbeds

Quartzitic, dolomitic, and glauconitic sandstone and quartzite with
conglomerate and shale interbeds and 5 to 20 percent interbedded
limestone and dolomite

—60— Line of equal percent sandstone, quartzite, and conglomerate—Location
is approximate because of generally sparse control. Interval is 20 percent

————— Approximate boundary between lithofacies

Base from U.S. Geological Survey
U.S. base map, 1:2,500,000
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DEPTH TO TOP OF MADISON AQUIFER

EXPLANATION

Area where aquifer to which depth is shown crops out (generalized)

-, - - | Area where aquifer to which depth is shown is missing because

of erosion or nondeposition or is thrust under Precambrian rocks

—s,000—  Line of equal depth of top of aquifer—Interval is 5,000 feet, except
south and west of Uncompahgre Plateau, where interval is
2,500 feet

Base from U.S. Geological Survey
U.S. base map, 1:2,500,000
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nondeposition or thrust under Precambrian rocks

° Borehole with lithologic log used to prepare map

+ Measured surface stratigraphic section used to prepare map

Stratigraphic Nomenclature and Thickness

"ﬂ Area where Gros Ventre confining unit crops out (generalized)

—200—

of Arizona, where interval is 50 feet

Approximate boundary between component geologic units

Lithology

e Siltstone and claystone, with less than 10 percent, each, sandstone and

carbonate rocks

percent carbonate rocks

than 10 percent sandstone

the unit

control. Interval is 20 percent

= Approximate boundary between lithofacies

g Area where Gros Ventre confining unit is missing because of erosion or

Line of equal thickness—Interval is 100 feet, except in northeastern corner

Siltstone and claystone, with 10-70 percent sandstone and less than 10

Siltstone and claystone, with 10-50 percent carbonate rocks and less

Siltstone and claystone, with sandstone and carbonate rocks each greater
than 10 percent and together generally no more than 50 percent of

Line of equal percent sandstone—Location is approximate because of sparse

Base from U.S. Geological Survey
U.S. base map, 1:2,5600,000
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Thickness and lithology of the Bighorn aquife—PLATE 9

Gelden, A.L., 2002 Geol'%y of Paleozoic rocks in the Upper Colorado River Basin in
Arizona, Colorado, New Mexico, Utah, and Wyoming, excluding the San Juan Basin
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."-c7] Area where Bighorn aquifer is missing because of erosion or nondeposition
or thrust under Precambrian rocks

° Borehole with lithologic log used to prepare map

+ Measured surface stratigraphic section used to prepare map

Stratigraphic Nomenclature and Thickness

LJ’:E Area where Bighorn aquifer crops out (generalized)
—400— Line of equal thickness—Interval is 200 feet. In the southwestern corner
of the area, the 1,100-foot contour is shown to aid interpretation. In Wyoming,
the 1,900-foot contour is shown

Approximate boundary between component geologic units

Lithology

Limestone and dolomite with shale interbeds and generally less than 5
percent sandstone interbeds

Limestone and dolomite with shale and sandstone interbeds that locally
exceed the carbonate rocks in abundance

—60— Line of equal percent carbonate rocks—Location generally is approximate.
Interval is 20 percent

Approximate boundary between lithofacies
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v“» 7\ Area where Elbert-Parting confining unit is missing because of erosion
or nondeposition or thrust under Precambrian rocks

° Borehole with lithologic log used to prepare map

+ Measured surface stratigraphic section used to prepare map

Stratigraphic Nomenclature and Thickness

Area where Elbert-Parting confining unit crops out (generalized)

—100— Line of equal thickness—Interval is 100 feet, except in Parting Formation
depositional area, where interval is 50 feet

Approximate boundary between component geologic units

Lithology

Dolomite, limestone, and shale, with less than 20 percent sandstone
and quartzite interbeds

Dolomite, limestone, and shale, with 5-10 percent anhydrite and less
than 25 percent sandstone and quartzite interbeds

Dolomite, limestone, sandstone, quartzite, and shale

Sandstone, quartzite, and shale, with less than 25 percent limestone and
dolomite interbeds

—25— Line of equal percent carbonate rocks—Location generally is approximate
because of sparse control. Interval is 25 percent

e Approximate boundary between lithofacies
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-~ ‘| Area where Redwall-Leadville zone is missing because of erosion
or nondeposition or thrust under Precambrian rocks

° Borehole with lithologic log used to prepare map

+ Measured surface stratigraphic section used to prepare map

Stratigraphic Nomenclature and Thickness

Area where Redwall-Leadville zone crops out (generalized)

—300— Line of equal thickness—Interval is 100 feet, except in the Overthrust Belt

area of Wyoming, where interval is 500 feet

Approximate boundary between component geologic units

Lithology

Limestone and dolomite, locally brecciated or marbleized, with less than
5 percent sandstone and shale interbeds

Limestone and dolomite, locally brecciated or marbleized, with 5-10
percent sandstone and shale interbeds

— 25— Line of equal percent dolomite—Interval is 25 percent

Approximate boundary between lithofacies
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Geldon, A.L., 2002, Geology of Paleczoic rocks in the Upper Coloradg River Basin in
Arizona, Colorado, New Mexico, Utah, and Wyoming, excluding the San Juan Basin
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Area where Belden-Molas subunit is missing because of erosion or
nondeposition or thrust under Precambrian rocks

° Borehole with lithologic log used to prepare map
+ Measured surface stratigraphic section used to prepare map

Stratigraphic Nomenclature and Thickness

Area where Belden-Molas subunit crops out (generalized)

—100— Line of equal thickness—Interval, in feet, is variable

Approximate boundary between component geologic units

N —— N' Location of stratigraphic cross section shown in figure 24

Lithology

Shale, limestone, and dolomite with less than 10 percent sandstone
interbeds

Shale, limestone, dolomite, and sandstone

—s50— Line of equal percent limestone and dolomite—Interval is 25 percent

Approximate boundary between lithofacies
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Geldon, A.L., 2002 Geol&;y of Paleozoic rocks in the Upper Colorado River Basin in
Avrizona, Colorado, New Mexico, Utah, and Wyoming, excluding the San Juan Basin
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¥ “)»7|  Area where Paradox-Eagle Valley subunit is missing because of erosion
or nondeposition

° Borehole with lithologic log used to prepare map

+ Measured surface stratigraphic section used to prepare map

Stratigraphic Nomenclature and Thickness

Area where Paradox-Eagle Valley subunit crops out (generalized)

—100— Line of equal thickness—Interval is 100 feet, except in centers of depositional
areas of Eagle Valley Evaporite and Paradox Member of Hermosa Formation,
where interval is 1,000 feet. Interval is variable south of Craig, Colorado. Small
salt diapirs in the Paradox basin, where thicknesses reach 15,000 feet, are not
shown because of scale

Approximate boundary between component geologic units

Lithology

Limestone, dolomite, and shale, with less than 10 percent sandstone and less
than 5 percent anhydrite interbeds

Limestone, dolomite, sandstone, and shale, with less than 5 percent anhydrite
interbeds

Limestone, dolomite, sandstone, shale, and anhydrite

Limestone, dolomite, shale, and anhydrite, with less than 10 percent sandstone
interbeds

Anhydrite, gypsum, halite, and shale, with less than 25 percent sandstone,
limestone, and dolomite interbeds

—25—  Line of equal percent limestone and dolomite—Interval is 25 percent

Approximate boundary between lithofacies

Base from U.S. Geological Survey
U.S. base map, 1:2,500,000

STRATIGRAPHIC NOMENCLATURE, THICKNESS, AND LITHOLOGY OF THE PARADOX-EAGLE VALLEY SUBUNIT OF THE FOUR CORNERS CONFINING UNIT

IN THE UPPER COLORADO RIVER BASIN AND VICINITY IN ARIZONA, COLORADO, NEW MEXICO, UTAH, AND WYOMING

By
Arthur L. Geldon
2002



% USGS U.S. DEPARTMENT OF THE INTERIOR

science forachangingworld U.S. GEOLOGICAL SURVEY

PROFESSIONAL PAPER 1411-A

Thickness and lithology of the Cutler-Maroon zone—PLATE 15

Geldon, A.L., 2002, Geology of Paleozoic rocks in the Upper Colorado River Basin in
Avizona, Colorado, New Mexico, Utah, and Wyoming, excluding the San Juan Basin
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Stratigraphic and hydrogeologic nomenclature—TABLE 1

Geldon, A.L., 2002 Geolho/f;y of Paleozoic rocks in the Upper Colorada River Basin in
Arizona, Colorado, New Mexico, Utah, and Wyoming, excluding the San Juan Basin

Table 1.—Generalized stratigraphic and hydrogeologic nomenclature of Precambrian, Paleozoic, and Mesozoic rocks in the Upper Colorado River Basin [only Mesozoic formations immediately overlying the Paleozoic rocks are listed. Abbreviations used in this
table include: Fm = Formation; Mbr = Member; Ss = Sandstone; Ls = Limestone; Dol = Dolomite; Sh = Shale. Colors relate component geologic units to hydrogeologic units and are symbolic of the predominant lithology in the hydrogeologic unit:
yellow and brown indicate sandstone and quartzite; shades of green indicate mostly shale; shades of blue indicate mostly carbonate rocks; other colors indicate mixed lithology. Contacts within series are generalized]
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FOOTNOTES

1. As suggested by McKelvey and others (1959), designation of the rocks of Park City/Phosphoria
age as either "Park City Formation" or "Phosphoria Formation" is based on the predominant rock
types, and each formation can include tongues of the other. Members of the Park City

Formation are denoted by the letter a; members of the Phosphoria Formation are denoted by

the letter b.

2. Of Shaw (1957); included in Open Door Limestone in some reports (for example, Keefer
and Van Lieu, 1966).

3. Of Maughan (1980); also called South Canyon Creek Member (by Freeman, 1971, for example).
4, Of Johnson (1989); formerly considered a member of the State Bridge Formation (Freeman, 1971).
5. Of Langenheim (1952); also called "Minturn Formation."

6. The name "Mackentire Tongue of Woodside Shale," as used by McKelvey and others (1959), is applied
to a sequence of red shale within the Park City Formation in the Uinta Mountains, even though the
Woodside Shale generally is considered to be Triassic. Therefore, either the Mackentire Tongue is

not a tongue of the Woodside Shale, or the Woodside Shale is partly Permian.

7. As indicated by Hallgarth (1959) and correlations made during this study, the lowermost beds of the
Madison Limestone in the southeastern Uinta Mountains correlate with the uppermost beds of the

Dyer Dolomite of northwestern Colorado. Therefore, either the uppermost Dyer Dolomite is Mississippian,
as shown here, or the lowermost Madison Limestone in the southeastern Uinta Mountains is Late Devonian.

8. According to Untermann and Untermann (1954), fossils from the upper (shaly) part of the Lodore
Formation where it crops out in the southeastern Uinta Mountains date the upper part of the Lodore
Formation (an equivalent of the Gros Ventre Formation) as Late Cambrian. However, the lower part of the
Lodore Formation (an equivalent of the Flathead Sandstone, Sawatch Quartzite, and Tintic Quartzite) is
unfossiliferous. The age of the lower part of the Lodore Formation here is inferred to be Middle and

Late Cambrian from its geographic position relative to equivalent quartzite/sandstone units. These
formations range from Middle Cambrian on the north and west to Late Cambrian on the east.

9. Even though the Morgan Formation is considered to be Middle Pennsylvanian where it crops out in
the Uinta Mountains (for example, Hansen and others, 1983), it can be traced southward in the
subsurface into beds of the Elephant Canyon Formation of Baars (1962). Because the Elephant Canyon
Formation is Early Permian where it crops out in the Monument Upwarp, both the Morgan and Elephant
Canyon Formations must be Pennsylvanian and Permian in age where they merge (north of the San
Rafael Swell).

10. The Round Valley Limestone correlates in the subsurface with the Eagle Valley Evaporite and the
Paradox Member of the Hermosa Formation, both of which are Middle Pennsylvanian in age. Because
the Round Valley Limestone where it crops out in the Uinta Mountains is Early Pennsylvanian, it is
inferred to be time-transgressive in the subsurface. Hence, in the southwestern Uinta basin, where it
merges with the Paradox Member, the Round Valley Limestone is interpreted to be Early and Middle
Pennsylvanian. Similarly, the Doughnut Shale (Formation) is interpreted to be time-transgressive and
is considered Late Mississippian and Early Pennsylvanian in the southwestern Uinta basin.

11. The Cutler Formation in southeastern Utah becomes divisible into several distinct units, to which
the U.S. Geological Survey assigns member rank. Baars (1962), however, assigned these units
formation rank and the Cutler, group rank, in southeastern Utah. A sequence of carbonate and clastic
rocks that grades into the lowermost shaly beds of the Cutler was designated by Baars (1962) as the
Elephant Canyon Formation. The nomenclature of Baars (1962) regarding the Cutler rocks is used

in this report.

12. Cambrian units cropping out in the Grand Canyon, the Tapeats Sandstone, Bright Angel Shale,

and Muav Limestone, were traced during this study into northeastern Arizona and southwestern
Colorado by means of borehole lithologic logs. Because no names for the shale and carbonate

units currently are recognized by the U.S. Geological Survey in Colorado, the names "Bright

Angel equivalent" and "Muav equivalent" were used beyond the Grand Canyon area where

rocks characteristic of the Bright Angel Shale and Muav Limestone, respectively, were identified.

An equivalent of the Tapeats Sandstone crops out in the San Juan Mountains of Colorado, where

it is called the Ignacio Quartzite. In this report, an axis of thinning in southwestern Colorado was
considered the boundary between the extension of the Tapeats Sandstone beyond the Grand

Canyon area, the "Tapeats equivalent," and the Ignacio Quartzite. As shown by Baars (1983, p. 54),

the Cambrian geologic units become progressively younger from the Grand Canyon to the San Juan
Mountains. Hence, in the Defiance Plateau and Four Corners platform columns, the ages of the Tapeats
equivalent, Ignacio Quartzite, Bright Angel equivalent, and Muav equivalent are depicted as intermediate
between ages in outcrop areas to the west and east.

13. Excluding salt diapirs of small areal extent that can be as much as 15,000 feet thick.

14. Aithough Precambrian rocks do not crop out and have not been penetrated by boreholes in the
Overthrust Belt within the Upper Colorado River Basin, Archean granitic and metamorphic rocks
are exposed in the Farmington complex, about 30 miles west of the Utah-Wyoming State line
(Bryant, 1988).




