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LIST OF MAP UNITS

Volcanic rocks

Qs Surficial deposits. Only areally extensive and thick
deposits shown

Tpc Pliocene continental deposits

Miocene continental deposits

Oligocene continental deposits

Tec Eocene continental deposits

Tel Eocene lacustrine deposits

Paleocene continental deposits
Pliocene volcanic rocks
Intrusive rocks

Tlv, Oligocene and Eocene volcanic rocks
TIf, Oligocene and Eocene felsic rocks

UPPER CRETACEOUS

Ku4 Lance, North Horn, Animas Formations and
- equivalent rocks

Fox Hills Sandstone, Lewis Shale, Mesaverde
Formation or group and equivalent rocks

Contact

Mancos Shale and equivalent rocks

Frontier Formation, Dakota Sandstone (upper
part) and equivalent

Granitic rocks

Continental deposits

Lower Cretaceous rocks

Jurassic sedimentary rocks

Jurassic and Triassic sedimentary rocks
Triassic sedimentary rocks
Sedimentary rocks

Permian sedimentary rocks

Upper Paleozoic sedimentary rocks
Lower Paleozoic sedimentary rocks
Cambrian sedimentary rocks

Granitic rocks

Sedimentary, igneous, and metamorphic rocks

Fault, dotted where concealed
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Water quality expressed in the table uses the salinity classification
described by Robinove and others (1958). The five salinity classifications

uplift, the Uinta uplift, and the White River uplift. The lower Paleozoic
confining layers and aquifers are directly overlain by limestone of Devo-
nian and Mississippian age. The hydrologic characteristics of this unit are
poorly known because it is deeply buried in much of the basin.

Middle Paleozoic Aquifers

Areally extensive marine deposits of mostly limestone and dolomite
of Devonian and Mississippian age comprise the unit called the middle
Paleozoic aquifers. Principal formations include the Madison Limestone,
Darby Formation, and their equivalents. This unit is exposed in the Green
River basin, the Overthrust belt, the San Juan uplift, the Uinta uplift, and
the White River uplift. The middle Paleozoic aquifers unit is overlain mostly
by sandstone, limestone, and shale of Mississippian and Pennsylvanian
age. Carbonate formations of Mississippian age are productive aquifers
in parts of the Rocky Mountains region and northern Great Plains. This
unit may be a regional aquifer with a wide range of permeability.

Upper Paleozoic Aquifers and Confining Layers

Uplift and erosion during Mississippian, Pennsylvanian, Permian, and
early Triassic time resulted in the deposition of clastic material, especially
sandstone and red beds. Thick evaporite beds, the Eagle Valley Forma-
tion and the Paradox Member of the Hermosa Formation, also were
deposited in Pennsylvanian time. The upper Paleozoic aquifers and con-
fining layers unit includes 23 formations: This hydrogeologic unit is ex-
posed in the Green River basin, the Monument uplift, the Overthrust belt,
the Paradox basin, the San Juan uplift, the San Rafael swell, the Unita
uplift, and the White River uplift, and is directly overlain by siltstone,
mudstone, limestone, and shale of Triassic age. The unit includes a series
of aquifers, probably confined by the intervening layers with low permeabili-
ty. The Goose Egg and State Bridge Formations are included in this
hydrogeologic unit, even though the formations are partly Triassic in age.

HYDROGEOLOGIC UNITS OF MESOZOIC AGE

The Mesozoic sedimentary rocks were divided into three hydrogeologic
units based on lithologic characteristics and on water-bearing properties
determined by examining yields of wells penetrating the formation
represented by each unit.

Lower Mesozoic confining layers

The continental and marine deposits designated as the lower Mesozoic
confining layers include siltstone, mudstone, limestone, and shaley deposits.
The permeability of these rocks is low. This unit probably confines the
underlying aquifers of late Paleozoic age. The Lower and Middle Triassic
rocks include the Moenkopi Formation in Utah, Arizona, and southwestern
Colorado; the Dinwoody Formation, Woodside Shale, and the Thaynes
Limestone in the Green River basin of Wyoming; and the Chugwater Group
in the Great Divide basin of Wyoming. The Chinle Formation in Arizona,
Colorado, and Utah and the Ankareh Formation in Wyoming make up
the Upper Triassic rocks. This hydrogeologic unit is directly overlain mostly
by sandstone aquifers of Late Triassic to Late Jurassic age. In the unit,
sandstone and conglomerate deposits that yield water to wells intertongue
locally with predominantly fine-grained deposits. The Shinarump Member
of the Chinle Formation produces water in southeastern Utah. Parts of
the Ankareh and Chinle Formations also might yield water to wells.

Middle Mesozoic aquifers

The middle Mesozoic aquifers unit consists mainly of continental
deposits. The deposition produced several thick, laterally extensive sand-
stone formations that make up a major aquifer system in the study area.
This unit was eroded and is absent in parts of the uplifted areas of Utah
and Colorado, but is present almost everywhere else. Upper Triassic and
Lower Jurassic strata such as the Wingate and Navajo Sandstones dominate
the southwestern part of the study area, but thin and are absent in western
Colorado. The Nugget Sandstone in Wyoming and its equivalent, the Glen
Canyon Sandstone in northern Utah and Colorado, generally are deeply
buried and used only locally for domestic water supply. The Middle Jurassic
Entrada Sandstone or its equivalent grades from a limy shale west of the
San Rafael swell to a productive sandstone aquifer in eastern Utah and
western Colorado. Its Wyoming equivalent, the Preuss Formation, is a
potential aquifer. Middle Jurassic strata such as the Bluff, Cow Springs,
and Junction Creek Sandstones are aquifers in southeastern Utah and
western Colorado where the Upper Triassic and Lower Jurassic strata are
thin. The Upper Jurassic Morrison Formation includes several sandstone
members that locally are aquifers along the Utah-Colorado border and in
northern Arizona.

Finer grained strata within the middle Mesozoic aquifers unit separate

separating the Wingate and Navajo Sandstones, is mostly a shaley sand-
stone that locally contains red to brown mudstone, but in places is sandier
and permeable. The Carmel Formation, between the Navajo and Entrada
Sandstones, and the Summerville Formation that separates the Entrada
from younger sandstones, are both primarily thin shaley marine or lacustrine
deposits, but contain some sandstone and sandy siltstone. The middle
Mesozoic aquifers are overlain directly by the fine-grained rocks of late
Mesozoic age.

Upper Mesozoic confining layers and aquifers
The upper Mesozoic confining layers and aquifers unit includes the
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hydrogeologic units on the basis of depositional environment, principal
rock type, and hydrologic characteristics.
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clude the Burro Canyon Formation in southeastern Utah and southwestern
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central Utah and southwestern Wyoming. Within the Mancos Shale are
the Ferron and Emery Sandstone Members in central Utah. Above the
Mancos Shale are the sandstones of the Mesaverde Group in central Utah,
northwestern Colorado, and Wyoming. All these sandstones may be thin,
discontinuous, and only partly saturated so that their water-yielding

Molenaar, C. M., and Halvorsen, D. U., 1969, Nomenclature chart of
the Grand Canyon and adjacent areas, in Four Corners Geological
Society Guidebook, 5th Field Conference, Geology and Natural
History of the Grand Canyon Region, p. 68.

Mutschler, F. E., 1969, Desolation and Gray Canyons: Denver, Powell
Society, 85 p.

Nelson, M. E., 1973, Age and stratigraphic.relations of the Fowkes For-
mation, Eocene, of southwestern Wyoming and northeastern Utah:
University of Wyoming Contributions to Geology, v. 12, no. 1, p.

S ) £ L Croe: 0. Q\_\* R PRY . . H %
L % . AR nificance is local. The Mancos Shale dominates the upper Mesozoic unit
e *\\\s N . ) T s : 27-31.
« leiney k% W“w CHA § - | L& NN SN l\x"\ti\%\\\\\l‘ ) and includes the Masuk, B lug Gate, and 'l.'unu.n k Shale Members o Oriel, S. S., and Platt, L. B., 1980, Geologic map of the Preston 1° x
. QA < MA o K ’N\ \ e S SR R A
. it o AN 3 M O N NE Z RN % S fadke tral Utah. Approximately equivalent formations include the Aspen, Hilliard, % i
X \ o PLATFORM Ao { Ny 3 N TN Z AN : NN : . 20 quadrangle, southeastern Idaho and western Wyoming: U.S.
4 - S \ \%,,}Q\ 4> Cortez & o 3 % G,
] AN AR Y NN ] R s PR A Baxter, and Mowry Shales in Wyoming and north-central Utah. Aggregate y S g z 11
T N N i e RN NQ NG SR AN : 5 : Geological Survey Miscellaneous Investigations Series Map 1-1127,
& \\\%\* SN \\\,\g\h\‘\& & W\\‘\ N TN \\\k& ‘\\\i\’ { \S\\K\\\\\ AR B R thickness of these shales exceeds 6,000 ft in places and they restrict water scale 1:250.000
RO \\ \ A : ) KOANND EIN “ % ¥ ; % % \: H . . . ¥ ’ ™ R
< § NEANN \§\Q\\'§:\\\\\§}\\\\\\ £ \\X}\\Y\&i\i\\\%&%s &3&1\{\‘\\\\\\3\\\?\ \\\QE\\\§\\ movement between the Mesozoic and overlying Tertiary sandstone aquifers. Oriel, S. S., and Tracey, J. 1., Jr., 1970, Uppermost Cretaceous and Ter-
o Sl 3\*\\\%\1‘ 3 RN SN SRR R \*é\ﬁ\\ are tiary stratigraphy of Fossil Basin, southwestern Wyoming: U.S.
N\t NN HYDROGEOLOGIC UNITS OF CENOZOIC AGE

.

SRR
% \\\;\\}\ AN

4

Basal Tertiary aquifers

Geological Survey Professional Paper 635, 53 p.
O’Sullivan, R. B., 1978, Stratigraphic sections of Middle Jurassic San Rafael

RN \ e
O %&% 2

S

T N G Lohali Point, Ari to Bluff, Utah: U.S. Geological
CEL(':'L-'O N N ﬁ% The basal Tertiary aquifer unit consists of interstratified sandstone, S:?‘:l:; froocr:n_7; all Foint, fArizona fo B @ piaicann
FS ot mudstone, shale, and coal beds. This unit includes the Fort Union, Hoback, :

UPLIFT

Base modified from U.S. Geological Survey
United States base map, 1:2,500,000, 1972

Figure 5. —MAP SHOWING PRINCIPAL TECTONIC FEATURES

Table 1.—CHARACTERISTICS OF MAJOR HYDROGEOLOGIC UNITS OF UPPER COLORADO RIVER BASIN

Figure 6.—MAP SHOWING AREAL EXTENT OF PALEOZOIC ROCKS

Hydrogeologic unit

Age

Approximate areal
extent (square miles)

Common range in
thickness (feet)

Primary lithologic
character

Water-yielding character

General water quality

Lower Tertiary aquifers and confining layers

Upper Mesozoic confining Sayers and aquifers

Eocene and Paleocene

Mostly Cretaceous, hullv Late Jurassic

3,000 to 10,000

4,000 to 15,000

Tertiary

Shale, mudstone, sandstone, oil shale with interbeds of
limestone and tuff, arkose, conglomerate, and coal.

Shale, limestone, coal, sandstone and conglomerate.

Paleozoic

Upper Paleozoic aquifers awd confining layers

_Lower Paleozoic confining Saayers and aquifers

Permian, Pennsylvanian, and Late Mississip-
pian, locally Early Triassic

Ordovician and Middie Cambrisn

82,000

1,000 to 11,000

100 to 1,600

Sandstone, fimestone, dolomitic lmestone, dolmite, shale,
evaporite, mudstone, siltstone, and conglomerate.

Dolomite, limestone, dolomitic limstone, shale, conglomerate,
sandstone, and mudstone.

Large range in permeability; the lacustrihe beds are permeable
where fractured or sandy; fluvial deposits generally are

permeable near basin margins wheve they are coarse-grained

material. .

Principally a confining unit. Fully saturated sandstone layers
below Mancos Shale are moderately permeable.

Water in the Wasatch Formation in the Green River basin
ranges from fresh in outcrop areas to slightly saline at depth.
In the Uinta basin, water in the Wasatch Formation ranges
from fresh in outcrop areas to briney at depth. Water in
the Green River Formation ranges from fresh in outcrop
areas to briney where evaporite minerals are present.

Mostly fresh to slightly saline water in the Dakota Sandstone.
Water from the Mancos Shale ranges from fresh to
moderately saline, but may represent water from sandstone
members and not from the shale and included evaporite
minerals. Water in the Mesaverde Group ranges from fresh
to slightly saline, except at depth where it is very saline
to briney.

Probably a series of aguifers interbedded with confining layers.
Fractures and solution openings increase the permeability
locally. Discharges of wells and springs in this unit vary
greatly. Confining layers consist of lacally thick evaporites
and other unfractured fine-grained rocks

_Poorly understood. Probably a confining unit except in uplifted
regions where solution openings and fractures may increase
permeability. Large springs may discharge from the Bighorn
Dolomite.

Mostly fresh water in the Weber Formation of the Uinta basin.
Slightly saline to moderately saline water in the Cedar Mesa
and White River Sandstone members in south-central Utah.
Fresh to moderately saline water in rocks of Pennsylva-
nian age in Colorado. Fresh to briney water in rocks of
the Paradox basin, depending on relation of flow system
to evaporite deposits.

Poorly understood. A few samples of water from dolomitic
formations indicate highly variable quality, ranging from
tresh to very saline.
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METRIC CONVERSIONS

The inch-pound units used in this report may be converted to Sl (International System of Units)
by use of the following conversion factors:

Multiply inch-pound unit By To obtain SI unit
inch (in.) 2.54x102 meter
foot (ft) 3.048x10"" meter
square mile (mi9) 2.590 square kilometer

2.832x1072
1.234x10-

cubic foot per second (ft3s)
acre-foot per year (acre-ft/yr)

cubic meter per second
cubic hectometer per year

Figure 7. —MAP SHOWING

INTRODUCTION

The U.S. Geological Survey began a regional aquifer-system analysis
of the Upper Colorado River Basin in 1981. Objectives of the study are
to identify aquifers and confining beds within the study region, to deter-
mine the geologic and hydrologic characteristics of consolidated-rock
aquifers of sedimentary origin, to describe the geochemical characteristics
of ground water, and to estimate the water-supply capability of the major
aquifers. This is the first of a series of reports to describe the various in-
vestigation results. The purpose of this report is to describe the general
hydrologic features of the basin, the regional stratigraphy, and the regional
hydrogeologic units.

LOCATION

In 1922 the Colorado River Compact subdivided the Colorado River
basin arbitrarily near Lees Ferry, Ariz., into upper and lower drainage basins
(fig. 1) for the purpose of water management. The Upper Colorado River
Basin has an area of about 113,500 mi? and includes parts of Colorado,
Utah, Wyoming, Arizona, and New Mexico. The upper basin also includes
parts of four physiographic provinces: the middle Rocky Mountains, the
Wyoming basin, the southern Rocky Mountains, and the Colorado Plateau
(Fenneman, 1931). The upper part of the drainage basin of the San Juan
River, an area of about 14,600 mi2, will be a separate study (fig. 2);
therefore the total study area for this investigation is approximately 100,000
mi?.

PRECIPITATION, DRAINAGE, AND STORAGE

Normal (1931-60) annual precipitation in the study region ranges from
less than 10 in. on the plains to more than 30 in. on mountainous areas
(fig. 3). Mean annual snowfall ranges from about 12 in. on the lowland
areas to about 400 in. on mountainous areas (U.S. Department of Com-
merce, 1968). The greater precipitation in the mountains probably pro-
vides natural recharge for those aquifers exposed in mountainous regions.
These aquifers include many that are exposed in uplifts but occur at depth
within basins.

The average discharge of the Colorado River near the lowest point
of the upper basin at the Lees Ferry streamflow-gaging station, was 17,850
ft*/s or 12,923,000 acre-ft/yr for the period 1912-62. Average
discharge for the period 1965-79, after the construction of Glen Canyon
Dam and Lake Powell, was 12,080 ft3/s or 8,752,000 acre-ft/yr (U.S.
Geological Survey, 1981). The disparity in average discharge for the 2
periods is due'to differences in surface-reservoir storage, evaporation,
usage, and precipitation. Major tributaries to the Colorado River in the
upper basin are the Green, Gunnison, Dolores, Dirty Devil, and San Juan
Rivers. Major tributaries to the Green River include the Yampa, Duchesne,
and White Rivers.

Streamflow is affected by the storage capacity of reservoirs and lakes
as well as by diversion for irrigation, municipal, and industrial uses. Major
surface storage facilities in the Upper Colorado River Basin are tabulated
below:

Surface-storage facility River State(s)
Fontenelle Dam and Reservoir-------- Green Wyoming
Flaming Gorge Dam and Reservoir--- Green Utah and Wyoming
Blue Mesa Dam and Reservoir------ Gunnison Colorado
Navajo Dam and Reservoir------------ San Juan New Mexico and Colorado
Glen Canyon Dam and Lake Powell Colorado Arizona and Utah

The thick sedimentary strata underlying the Upper Colorado River
Basin include major aquifers. A thorough understanding of the hydrologic
characteristics of the aquifers will permit the integration of surface- and
ground water resources into overall water-management plans for the Up-
per Colorado River Basin.

GEOLOGY

ROCK TYPES

Consolidated sedimentary strata are the common rocks in the Upper
Colorado River Basin and the emphasis of this report (fig. 4). Consolidated
sedimentary formations of Paleozoic, Mesozoic, and Cenozoic age attain
a maximum thickness of tens of thousands of feet in some basins. These
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AREAL EXTENT OF MESOZOIC ROCKS

formations include limestone, dolomite, sandstone, and shale, all of which
may be aquifers. The formations in the Upper Colorado River Basin are
so numerous and diverse in rock type that they have been grouped into
11 hydrogeologic units. These units were selected on the basis of depos-
itional environment, principal rock type, and hydrologic characteristics,
and will be used to classify the ground-water resources into broad categories.

Unconsolidated sedimentary deposits of gravel, sand, and clay occur
as valley-fill alluvium in most reaches of stream valleys and include aquifers
that locally are hydraulically connected to streams. The unconsolidated
deposits are important sources of water in some valley reaches, but regional-
ly the deposits are a minor part of the ground-water system and are not
discussed in this report.

Igneous rocks are represented principally by the volcanic rocks of the
San Juan volcanic field in Colorado and by those in south-central Utah.
Volcanic-rock types include flows, flow breccias, ash-flow tuffs, welded
ash-flow tuffs, and water-laid tuffs. Some of these rocks are permeable
because of interconnected fractures or pores. Intrusive igneous rocks crop
out in scattered small areas of the study region, but probably do not in-
clude important aquifers. The hydrologic characteristics of the igneous rocks
in the study region are not discussed in this report.

STRUCTURE

The Upper Colorado River Basin has been the site of repeated struc-
tural deformation (Grose, 1972). Sturctural deformation in Precambrian
time affected subsequent deposition; at the beginning of Paleozoic time
the relief of the Precambrian land surface was as much 1,000 ft (Kent,
1972). Prominent structural features that were topographically high at the
beginning of Paleozoic time were the Uinta peninsula of northeastern Utah
and northwestern Colorado and the transcontinental arch that extended
northeast across Colorado from northwestern New Mexico. Igneous rock
was intruded in Colorado in Late Cambrian to Early Ordovician time. Uplift,
subsidence, and faulting continued throughout Paleozoic time but were
especially prominent during Pennsylvanian and Permian time.

During Late Triassic and Early Jurassic time, mountain building
movements to the west affected sedimentation within the study area. In
Late Jurassic and Cretaceous time several pulses of mountain building and
volcanism resulted in uplift and subsidence.

Later structural deformation seems unrelated to the early activities
described above. The Laramide Revolution, a major mountain-building
period, persisted from Late Cretaceous to Eocene time and resulted in
deep-seated and regional deformation, as well as extensive volcanism and
minor igneous intrusion. The major structural features of the region—
numerous basins and uplifts—formed during the Laramide Revolution (fig.
5). Because of these structural features, the older formations generally are
deeply buried in basins and exposed in uplifts; younger formations generally
are exposed or shallowly buried in basins and have been eroded from
uplifts. Uplift, subsidence, and normal faulting continued from Oligocene
through Quaternary time. Structural deformation has been so widespread
through geologic time that the resulting structural effects on the permeability
and storage characteristics of rocks cannot be evaluated easily.

STRATIGRAPHY

The depositional conditions and intervening erosion, uplift, subsidence,
and fracturing varied considerably throughout the study region from
Precambrian through Cenozoic time. A general discussion of the geologic
history follows, with an emphasis on the hydrogeologic characteristics of
the consolidated sedimentary strata; the characteristics of the intervening
erosional periods; and the location and intensity of uplift, subsidence, and
fracturing.

PALEOZOIC ROCKS

The areal extent of buried and exposed Paleozoic rocks is shown in
figure 6. In the early Paleozoic, Cambrian and Ordovician time, rocks were
deposited in transgressive and regressive seas, and consist of carbonate
and clastic sediments. Sedimentation frequently was interrupted and ex-
tensive erosion removed previous deposits throughout large areas. A lateral-
ly continuous sequence of sandstone and quartzite of Cambrian age is
overlain by a sequence of carbonate and clastic rocks of Middle to Late
Cambrian and Ordovician age. The maximum combined thickness of these
two units is about 2,200 ft.

Rocks deposited in later Paleozoic time are thicker than early Paleozoic
deposits. Beginning in Devonian time and continuing through Mississip-
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Figure 8. —MAP SHOWING AREAL EXTENT OF TERTIARY ROCKS

pian time, thousands of feet of mostly carbonate rocks were deposited under
tectonically stable conditions. Erosion during and after the Mississippian
Period removed part of these deposits, but about 4,000 ft remains.
Beginning in Pennsylvanian time, a period of mountain building
resulted in the deposition of large thicknesses of mostly detrital material—
sandstone and shale—that was eroded from the emerging Uncompahgre
uplift and the ancestral Rocky Mountains, located along the eastern margin
of the study region. Other Pennsylvanian deposits include carbonate rocks
and several thousand feet of evaporite deposits in the Paradox basin. Per-
mian rocks consist mostly of red beds—sandstone, siltstone, and
mudstone—that are interbedded with shoreline and shallow marine deposits
of sandstone and carbonate rocks. The clastic and carbonate rocks of Penn-
sylvanian and Permian age attain a maximum thickness of about 11,000 ft.

MESOZOIC ROCKS

The areal extent of buried and exposed Mesozoic rocks is shown in
figure 7. Siltstone, sandstone, and limestone were deposited in Triassic
time on a marine continental shelf; on the central western border area of
the study region, the deposits consist of deep-water marine limestone and
black shale. After part of the earliest Triassic deposits were eroded, the
remaining rocks were covered with a red-bed sequence of mudstone,
siltstone, fluvial sandstone, and conglomerate. The continental and marine
deposits of Triassic age that extend upward through the Chinle Formation
(a prominent marker in most of the region) and its equivalents attain a
maximum thickness of about 2,000 ft.

In Late Triassic and Early Jurassic time, deposition changed from con-
tinental and marine to mostly continental; most of the continental sand-
stone deposited is of eolian origin. The Glen Canyon Group and Nugget
Sandstone constitute a wedge-shaped mass of dune and fluvial sedimen-
tary rocks that thickens westward and comprises about one-half the max-
imum thickness of Mesozoic rocks along the western edge of the region.
In Middle to Late Jurassic time, the sandstone was covered by seas that
deposited siltstone, sandstone, and limestone; along the western edge of
the region, halite and gypsum were deposited. A subsequent marine en-
croachment produced deepwater deposits of limestone and shale in the
west, red beds and evaporites locally, and eolian and shallow-water
deposits, such as the Entrada Sandstone, in the eastern part of the region.

. Mountain building west of the region began to affect regional sedimenta-

tion, and subsequently clastic deposition dominated. The sandstone, shale,
limestone, and conglomerate deposits of Late Triassic to Late Jurassic age
have a maximum thickness of about 5,000 ft.

In Late Jurassic time the upper part of the Morrison Formation was
deposited by streams and in swamps. The deposits contain much volcanic
debris and the resulting bentonitic material is not permeable. Mountain
building as indicated by the volcanism, moved eastward in pulses that con-
tinued into Tertiary time. This activity converted the seaways west of the
study area to highlands, and the area east of the study region subsided
to form the central seaway that bisected the continent during Cretaceous
time. Following each pulse of movement, the western highlands provided
much debris that was washed into the Cretaceous seas, resulting in a lateral
sequence, from west to east, of eroded highlands, piedmont and coastline
fluvial deposits, marine sandstone and beach deposits, marine siltstone
and shale, and deep-water limestone. The positions of the various elements
of this sequence moved eastward or westward, depending on changes in
the mountain building that produced eastward thrusting, the rate of sub-
sidence in the area of deposition, and other factors. This complicated se-
quence of deposition is best seen in geologic sections by Weimer (1960).
Rocks of Late Jurassic and Cretaceous age have a maximum thickness
in excess of 15,000 ft; in much of the region, however, these rocks are
about 4,000 ft thick.

CENOZOIC ROCKS

The areal extent of Tertiary rocks is shown in figure 8. Deposition
in early Tertiary time was related to geologic events in Late Cretaceous
time. At the end of the Cretaceous, the sea retreated to the east. Initially
sediments derived from land areas to the west were deposited with marine
sand. As the sea retreated, fluvial sediment was deposited over the newly
emergent land on piedmonts and plains. As sediment accumulated, sub-
sidence locally exceeded the volume of material eroded from nearby moun-
tains, and large lakes or swamps formed. Vegetation in the swamps was
buried and transformed into coal beds.

During Paleocene time, mountain building of the Laramide Revolu-
tion intensified and clastic deposits of sandstone and shale were formed.
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Surface-drainage patterns that developed at the end of Cretaceous time
were disrupted, resulting in blocked streams and newly formed lakes and
swamps. By the end of Paleocene time, thick deposits had been laid down
in the Green River basin of Wyoming, part of which were transformed
into coal. A large lake formed at the foot of the mountains into which fine
sediment was deposited and which bounded the Upper Colorado River
Basin on the west in Utah. The sandstone, shale, and coal beds of
Paleocene age attain a maximum thickness of about 2,500 ft.

The lake expanded in early Eocene time to cover most of the north-
ern part of the Upper Colorado River Basin, but was divided by the Uinta
Mountains uplift into two possibly interconnected lakes. These lakes chang-
ed considerably in size, salinity, and other characteristics in response to
climatic changes. Enormous quantities of salts, mainly carbonates and bicar-
bonates, precipitated from the water and were incorporated in the lake-
bed deposits of limestone and shale. Streams, flowing from the moun-
tains to the plains, deposited fluvial sediment that intertongues with the
lakebed deposits. The rocks near the mountains that provided the sediments
commonly are conglomerate or arkose, but at distance the modification
of the grain sizes of the sediments by movement has resulted in predom-
inantly sandstone that grades progressively into claystone toward the
lakeshores. Eventually the rate of sedimentation exceeded the rate of
downwarping and the lakes disappeared except for scattered, small rem-
nants. The shale, mudstone, sandstone, arkose, and conglomerate beds
of Eocene age attain a maximum thickness of about 10,000 ft.

Predominantly fluvial deposition continued through the rest of Eocene
and into Oligocene time, along with other types of deposition resulting
from volcanic activities. Thick volcanic flows covered much of the high
plateaus in Utah; these rocks include locally productive aquifers. In some
places near the mountains, swiftly moving streams carried massive quan-
tities of sand, gravel, and boulders into the basins where this material later

became consolidated into conglomerate. Within the basins, silt and clay

were deposited in sluggish streams, ponds, and lakes. These clastic deposits
of Eocene and early Oligocene age attain a maximum thickness of about
9,000 ft.

By the end of Oligocene time swiftly moving streams eroded coarse
material from the mountains to form nearly continuous sand and gravel
deposits that were graded from the mountains to the basin centers. Deposi-
tion probably continued into the Miocene as mountain uplift slowed, but
renewed volcanism showered the region with ash. Sandstone, claystone,
and conglomerate interbedded with tuff blanketed much of the area. Similar
deposition continued until nearly the end of the Tertiary Period.

By about the end of Tertiary time, regional uplift rejuvenated the
streams and caused erosional downcutting in the drainage divides surround-
ing the lake basins. The resulting rapid erosion formed graded deposits
of conglomerate, sandstone, and claystone in the basins. Almost all of the
material has been eroded, leaving only scattered remnants. The remain-
ing sandstone, conglomerate, claystone, and tuff beds of Oligocene,
Miocene, and Pliocene age are as much as 800 ft thick.

Mountain glaciation characterized Pleistocene time, the earliest part
of the Quaternary Period. Glaciers occupied much of the higher parts of
the mountains. As the glaciers moved down from the mountains they car-
ried a heterogeneous assortment of boulders, gravel, sand, and clay which
was deposited where the ice melted. Meltwater sorted part of the material
and deposited some of it as terrace deposits along streams. During the
subsequent Holocene time, the glaciers receded so that only a few remain
along the crests of the highest mountain ranges. Erosion has so dissected
the glacial deposits that they are generally small in extent and discontinuous.
They and the alluvium along streams include some locally important
aquifers, but they are of little regional importance.

HYDROGEOLOGY

Sedimentary rocks of Paleozoic, Mesozoic, and Cenozoic age have
been subdivided into 11 units, based on their probable regional hydrologic
characteristics (sheet 2 and table 1). These rocks have been altered dur-
ing and after deposition by eroison, chemical dissolution, and tectonic ac-
tivity. Because of the large study area associated with large variations in
lithologic and hydrologic characteristics, each subdivision is a broad category
with rock characteristics that vary locally. The classification of each geologic
formation as an aquifer or confining bed was not attemped, because the
integrated effects of lithology, structural deformation, and chemical altera-
tion on permeability and the areal variation of each formation are not
known. The ranges given for unit thicknesses are common ranges, rather
than minimums and maximums.

North Horn, Evanston, and Middle Park Formations, as well as
stratigraphically equivalent beds. The Evanston and North Horn Forma-
tions are included in this hydrogeologic unit, even through they are partly
Cretaceous in age. The Coalmont Formation also is included, even though
it is partly Eocene in age. Below this unit is a regressive marine sandstone,
the Fox Hills Sandstone and equivalents, on which continental fluvial and
marsh sediments of the Lance, North Horn, and Fort Union Formations
were laid down. The unit crops out on the periphery of the Green River,
Piceance, and Uinta basins. It is overlain by aquifers and confining layers
of the Green River and Wasatch Formations. Wells completed in this unit
provide water in quantities adequate for livestock, domestic use, and small
industries.

Lower Tertiary aquifers and confining layers

The lower Tertiary aquifers and confining layers, primarily the Wasatch
and Green River Formations, consist of fluvial, mostly piedmont deposits
intertonguing with fine-grained lakebed sediments. The fluvial deposits of
the Wasatch Formation and its equivalents are coarse near the mountains
from which the sediments were derived, and become finer with greater
distance. The lakebeds include enormous quantities of oil shale, bedded
trona deposits, nahcolite, and dawsonite, as well as sandstone and tuff
beds. This hydrogeologic unit crops out on the periphery of the Green,
River, Piceance, and Uinta basins and is overlain by the middle Tertiary
aquifers, partly drained aquifers, and confining layers unit. The coarse-
grained fluvial deposits include lenticular sandstone, arkose, and con-
glomerate that supply water to many wells in the Green River basin. Most
of the wells are adequate for stock or domestic use but larger yields are
possible from wells penetrating more than 500 ft of the fluvial deposits.

The lakebeds that form the Green River Formation largely are fine
grained and permeability is low. Local sandstone and tuff beds are suffi-
ciently permeable to provide small yields to wells. Fractures increase
permeability at some locations. Leaching of abundant evaporites has
resulted in relatively permeable zones of the Green River Formation in the
northern part of the Piceance basin of Colorado and in the Uinta basin
of Utah. Yields from the Green River Formation generally are small ex-
cept where rocks have been fractured or evaporites have been leached.

Middle Tertiary aquifers, partly drained aquifers, and confining layers

The middle Tertiary hydrogeologic unit is composed of fluvial beds
of the Bridger, Washakie, Uinta, and Duchesne River Formations. These
claystone, tuffaceous fine-grained sandstone, shale, algal limestone, and
conglomerate strata are interbedded and crop out in the central parts of
the Green River, Washakie, Piceance, and Uinta basins. The overall
permeabaility of the unit is minimal but the coarse-grained rocks prevail-
ing near the edges of the outcrop areas may have fairly significant
permeability. In Utah some fairly large yields are obtainable from wells com-
pleted in relatively coarse-grained rocks near the outcrop edges or in frac-
tured zones. In Wyoming or in the Piceance basin of Colorado these coarse-
grained rocks are likely to be partly drained. Where recharge is abundant,
as in irrigated areas, this hydrogeologic unit in conjunction with overlying,
younger gravel and sand probably can provide enough water to wells for
domestic and stock uses.

Upper Tertiary discontinuous . aquifers

Tuffaceous sandstone, conglomerate, sandy claystone, and tuff com-
prise the uppermost Tertiary hydrogeologic unit. This unit includes the
Bishop Conglomerate, and the White River, Browns Park, North Park,
and Troublesome Formations as well as various isolated unnamed units.
The formations were deposited by swift-moving streams flowing from the
mountains and once blanketed most of the Green River, Uinta, Sand Wash,
and Piceance basins. Although the formations are areally extensive in some
places, in most places erosion has removed all but isolated remnants, most
of which cap buttes near the edges of the basins. Where this hydrogeologic
unit is extensive, it provides water to many small hillside springs and fairly
large yields to wells. Extensive deposits of this unit underlie parts of north-
western Colorado and northeastern Utah and blanket part of the flanks
of the Sierra Madre in Wyoming. Because of the generally large permeability
of the sediments and the gentle slope of their surfaces where they cap
buttes, these rocks are readily recharged by precipitation. Much of the
recharged water drains fairly quickly through hillside springs, but part is
transmitted to underlying aquifers. The water from springs and wells in
the upper Tertiary unit generally is suitable for most uses. In some places
the beds may be uraniferous, and radiochemicals may be dissolved in the
water.

SUMMARY

The purpose of the ongoing regional aquifer-system analysis of the
Upper Colorado River Basin is to study the aquifers of consolidated
sedimentary rocks in all regions except the upper part of the San Juan
River basin.

Normal annual precipitation is greater in the mountains than in the
plains. Surface drainage is by the Colorado River, and numerous tributaries.
Several major surface reservoirs regulate streamflow; regional ground-water
reservoirs have not been studied thoroughly.

Repeated structural deformation, variable depositional conditions, and
erosion have resulted in a variety of rock types that occur in numerous
basins and uplifts. Through Paleozoic time the deposits evolved from clastic;
to carbonate; to interbedded clastic, carbonate, and evaporite. Mesozoic
deposits are clastic and carbonate. Tertiary deposits evolved through time
from clastic, to lake and swamp deposits, to additional clastic deposits.
The consolidated sedimentary strata have been divided into 11
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