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GEOLOGY AND ARTESIAN WATER SUPPLY OF THE GRAND JUNCTION AREA, COLORADO

By S. W. Loaman

ABSTRACT

The Grand Junction area, as defined in this report, comprises
about 332 square miles in the west-central part of Mesa County,
Colo.; it includes the part of the northeastern flank of the Un-
compahgre Plateau known as Pifion Mesa and the southwestern
side of the Grand Valley including parts of Orchard Mesa and the
Redlands. The area also includes the Colorado National Monu-
ment, noted for its colorful cliffs and deep ecanyons, and Grand
Junction—the largest city in western Colorado.

The highest part of the area, on the flank of Pifion Mesa, has
an altitude of about 8,200 feet. From the mesa the surface slopes
gently northeastward to the Colorado River, which leaves the
northwest corner of the area at an altitude of about 4,430 feet.
The area as a whole has a relief of more than 3,700 feet. The
northeastward-sloping surface is interrupted by a series of faults
and monoclines and is cut by many deep canyons, some of which
are 500 to 1,000 feet deep. Many of the canyon walls, particu-
larly in the Colorado National Monument, are sheer cliffs of the
Wingate Sandstone and, locally, even higher cliffs are formed by
the Wingate and overlying formations.

The area is drained by the Colorado and Gunnison Rivers, at
whose confluence Grand Junction is situated. Most of the trib-
utaries are ephemeral because of the mild arid climate.

The varied flora and fauna include types adapted to climates
ranging from arid to subhumid.

Soon after settlement of the area began in 1881 it was realized
that erops could not be grown successfully without irrigation, and
the first irrigation system wasbegun near Palisade in 1882. By 1960
nearly 100,000 acres of the Grand Valley was under ditches,
mainly from the Colorado River but in part from the Gunnison
River. Seventy to eighty percent of this area was irrigated most
seasons. Much of the irrigated land is in fruit orchards, mainly
peaches, but many other crops also are grown.

The geologic map accompanying this report (scale 1:31,680) is
the first detailed geologic map of the Grand Junction area, and
is the result of the first geologic mapping in the area since the re-
connaissance by members of the Hayden survey in 1875 and 1876.

The pre-Quaternary geologic formations exposed in the Grand
Junction area range in age from Precambrian to Upper Cretaceous
and include Precambrian schist, gneiss, granite, and pegmatite;
Chinle Formation and Wingate Sandstone, Upper Triassic;
Kayenta Formation, Upper Triassic(?); Entrada Sandstone
(Slick Rock and Moab Members), Summerville Formation, and
Morrison Formation (Salt Wash and Brushy Basin Members),
Upper Jurassic; Burro Canyon Formation, Lower Cretaceous;
and Dakota Sandstone and Mancos Shale, Upper Cretaceous.

A profound unconformity separates an almost smooth erosion
surface on the Precambrian complex from the Chinle Formation
and marks the absence from this area of part of the Precambrian,
all the Paleozoic, and much of the Triassic, including most of the

Chinle. This old erosion surface was formed on the San Luis-
Uncompahgre highland, which was a mountainous area under-
going erosion from Pennsylvanian to Late Triassic time.

The 80 to 120 feet of the Chinle Formation present in the area,
which has been correlated with the Church Rock Member, con-
sists largely of soft red siltstone, but it also contains thin hard
ledge-forming beds or lenses of red siltstone, limestone, and
conglomerate, and thin layers of greenish siltstone. The Chinle
yields no water to wells in this area.

The Wingate Sandstone, which conformably overlies the
Chinle Formation, comprises about 215 to 370 feet of mainly buff
to reddish-buff or red, very fine-grained sandstone and some fine-
grained sandstone, silt, and clay. The Wingate is well cemented
and generally forms cliffs or steep slopes, particularly in the
Colorado National Monument. It is partly crossbedded and
partly level bedded, and is in part of eolian origin and in part
fresh-water laid. The Wingate is the thickest and lowermost
of four artesian acquifers in the area; it yields small supplies
of generally soft water to a few wells whose main supply comes
from the overlying Entrada Sandstone.

In the western part of the area the Wingate Sandstone is
overlain conformably by 16 to 80 feet of the Kayenta Formation,
but in the southeastern part, where the Kayenta is absent, the
Wingate is separated from the overlying Entrada Sandstone
by an erosional unconformity. The Kayenta consists mainly
of fluvial lenticular to irregularly bedded layers of fine- to medi-
um-grained sandstone, irregular lenses of red, purple, or green
siltstone, and a few lenses of conglomerate or conglomeratic
sandstone. The Kayenta is not an aquifer in this area.

An erosional unconformity at the base of the Entrada Sand-
stone marks the absence from this area of much of the Entrada,
all the Carmel Formation and Navajo Sandstone, most of the
Kayenta Formation west of North East Creek, and all the
Kayenta and possibly part of the Wingate Sandstone in and east
of North East Creek Canyon.

In this area the Entrada Sandstone comprises the Slick
Rock and Moab Members, which together form a distinctive
and colorful series of cliffs in much of the lower part of the area,
but which weather to more subdued forms at higher altitude.
The beds of the Slick Rock are partly crossbedded and partly
level bedded and are probably wholly continental eolian and
water-laid deposits. The overlying, generally white or light-
buff Moab Member is made up of thin, evenly bedded sandstones
that generally weather to a series of steps or benches. The
Moab may represent a beach deposit laid down on the margin
of the Curtis sea, and is probably of Curtis age. The Entrada
ranges in thickness from 100 to 200 feet in the western part of
the area to about 60 feet in the eastern part, and consists
mainly of fine to very fine grained sand, some medium-grained
sand, and some silt and clay, all cemented by calcium carbonate.
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The Slick Rock Member generally contains, particularly near
the base, scattered grains or laminae of coarse-grained sand
known as “Entrada berries.” The Entrada is the principal
artesian aquifer in the area, and yields small amounts of
generally soft water.

The Summerville Formation conformably overlies the Moab
Member of the Entrada Sandstone. The Summerville, which
is only 40 to 60 feet thick in this area, consists mainly of thin
beds of gray, blue-gray, greenish-gray, chocolate-brown, reddish-
brown and red siltstone; thin beds of gray, yellow, greenish-gray,
and reddish-gray fine- to medium-grained, hard, laterally per-
sistent sandstone; thin beds of shale and mudstone; and, near
the top, at least one thin bed or lens of limestone. The Summer-
ville probably was formed as a marginal marine deposit in
shallow water, possibly in or near a shallow arm of the Summer-
ville sea. The Summerville yields no water to wells in this area,
but it and the overlying Morrison Formation serve as a con-
fining bed to artesian water in the underlying Entrada and Win-
gate Sandstones.

The Summerville Formation is overlain, probably conformably,
by the Morrison Formation, which, in this area, includes only
the Salt Wash and Brushy Basin Members. The Morrison
comprises a varied and colorful assemblage of beds of siltstone,
mudstone, sandstone, some conglomerate and limestone, and a
little fresh and altered volcanic ash. The sandstones are highly
lenticular and generally restricted to the Salt Wash Member,
but locally the Salt Wash is nearly devoid of sandstone, and in
other places a few sandstone lenses occur in the Brushy Basin
Member. The Morrison, the lower one-third to one-half of
which is formed by the Salt Wash Member, is 500 to 600 feet
thick in this area; it has yielded fresh-water invertebrate fossils
and many dinosaur remains, including the type specimen of
Brachiosaurus alfithorax Riggs. Sandstone lenses in the Salt
Wash Member yield small supplies of soft water to a few flowing
artesian wells.

The Burro Canyon Formation is virtually conformable on the
Brushy Basin Member of the Morrison Formation, and locally
the two units intertongue. In the western part of the area the
Burro Canyon is 50 to 60 feet thick and consists mainly of green
shale, but it includes a basal sandstone or conglomerate and one
or more additional beds of sandstone; in the eastern part the
Burro Canyon is as much as 120 feet thick and dominantly
sandstone in most places. The Burro Canyon and Dakota
yield small supplies of water to a few nonflowing artesian wells,
but in most places the water is salty or brackish.

An erosional unconformity separates the Burro Canyon For-
mation from the overlying Dakota Sandstone. The Dakota,
which probably is more than 200 feet thick, comprises a basal
white sandstone or conglomerate, dark lignitic shale, lignite
coal, and beds of buff sandstone. Some of the sandstone beds
are fluvial but others are beach deposits formed in the gradually
transgressing Mancos sea, and the lignitic beds were formed in
coastal swamps.

The contact between the marine Mancos Shale and the Dakota
sandstone is conformable and gradational, and locally the two
formations intertongue. The Mancos, which is 3,800 feet thick
in the general area, underlies most of the Grand Valley and
forms most of the Book Cliffs, which border the valley on the
northeast, but only the lowermost few hundred feet of the Man-
cos is present in the area mapped. It is a drab sequence of
mainly soft olive-gray to gray-black fissile shale that contains a
few sandy zones, thin beds of sandstone, and some light-buff to cream-
colored chalky shale. The Mancos contains no usable shallow

ground water, but it serves to confine artesian water in the
Burro Canyon and Dakota Formations.

Although the Mancos Shale is the youngest pre-Quaternary
formation in the Grand Junction area, deposits of late Mesozoic
and Tertiary age remain in the Piceance Creek basin just to the
northeast of the area, some of which probably formerly covered
the Grand Junction area. There the marine Mancos is suc-
ceeded by the partly marine and partly continental Mesaverde
Group and the wholly continental Paleocene and Eocene Wasatch
Formation, the Green River Formation, and post-Green River
basalt flows.

The Uncompahgre arch probably began to rise at about the
close of the Cretaceous; it received renewed uplift and folding
in post-Green River time, when the Green River Formation and
older rocks were folded to form the Unita and Piceance Creek
structural basins. Although late Tertiary vulcanism occurred
in some nearby areas, events of Oligocene and Miocene times
were not recorded in the Grand Junction area except for the
outpouring of lava sometime after the Green River deposition.

The course of the Colorado River may have been established
by superposition before or soon after extrusion of the post-
Green River lavas, and, during epeirogenic uplifts in late Mio-
cene to middle Pliocene time, the streams deepened their channels
without regard to hardness of rocks or underlying structure.
It seems likely that Unaweep Canyon was cut down to and
probably into the Precambrian core of the Uncompahgre Plateau
during this interval.

There is evidence that renewed differential uplift of the
Uncompahgre arch occurred in Pliocene time, before abandon-
ment of Unaweep Canyon, and again in latest Pliocene and earli-
est Pleistocene time, after abandonment of the canyon. Evi-
dence is presented that abandonment of Unaweep Canyon was
caused by successive captures of the superposed ancestral
Colorado and Gunnison Rivers by a subsequent tributary of the
ancestral Colorado that cut in the soft Mancos Shale around the
northwestward-plunging Uncompahgre arch while downcutting
by the ancestral Colorado was retarded by the hard rocks in the
canyon. Capture of a tributary (East Creek), probably in the
Pleistocene, completed the principal drainage changes.

The drainage divide in Unaweep Canyon stands about 2,500
feet above Gateway and Grand Junction. Studies of dissected
pediments and other erosional features in and above Grand
Junction suggest that this difference in altitude may include 600
to 800 feet of erosion and 1,700 to 1,900 feet of differential uplift
of the Uncompahgre arch that occurred subsequent to abandon-
ment of Unaweep Canyon in the Pliocene. The deep cliff-walled
canyons in and near the Colorado National Monument were cut
during this erosion interval. The nearly vertical, generally sun-
facing cliffs probably were formed in part by daily alternate
freezing and thawing in the winter, while the gentler northward-
facing canyon walls remained frozen for long periods; the ephem-
eral streams in these canyons serve mainly as sewers to carry
away the products of several types of erosion. During the
latest period of erosion, pediments were cut in places and minor
amounts of terrace deposits, pediment deposits, landslide de-
posits and alluvium were laid down.

The structure of the area is shown on the geologic map by
structure contours drawn on top of the Entrada Sandstone, by
one short cross section, by several stereoscopic pairs of aerial
photographs, and by oblique aerial photographs. The strata
on the northeastern flank of the Uncompahgre arch dip gently
toward the Piceance Creek basin to the northeast, except where
interrupted by a series of named major monoclines and faults
generally parallel or nearly parallel to the axis of the uplift and
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by some minor structural features that trend in various directions
There probably were several successive periods of deformation,
but many of the details are obscure. The monoclines, whose
upper bends generally are sharper than the lower bends, probably
are the result of lateral compression from the southwest or
northeast. The faults all seem to be dip slip and are mainly
normal. One fault (Redlands fault) is normal throughout most
of its 6-mile length, but in two places it is a reverse fault that
dips about 45° to the southwest, presumably because of rotation
of a vertical fault by later compressive forces. Because the
principal structural features have an important bearing on the
recharge areas of the Entrada and Wingate Sandstones, they were
examined in detail.

The total structural displacement of the Uncompahgre arch
within or near the area is about 5,000 feet, 1,600 to 1,900 feet of
which is presumed to have occurred in late Pliocene or early
Pleistocene time, and about 3,100 to 3,400 feet of which occurred
earlier, probably mainly in post-Green River time.

Unconfined ground water is relatively unimportant in the
Grand Junction area, and its occurrence is discussed only briefly.
Most of the Grand Valley is almost devoid of shallow ground
water, and such meager supplies as are obtainable locally from
soil, weathered rock, arroyo fill, or terrace deposits generally
are too highly mineralized for most uses. Where thick, the
alluvium along the principal streams should yield considerable
water, but the water probably would be too hard for domestic
use. Small supplies of unconfined water of reported good
quality are obtained from the Entrada or the Wingate Sandstone
in parts of Glade Park.

Confined, or artesian, ground water is obtained from four
artesian aquifers in the Grand Junction area, which are, in order
of importance and productivity: (1) the Entrada Sandstone,
(2) the Wingate Sandstone, (3) lenticular sandstones in the Salt
Wash Member of the Morrison Formation, and (4) the Dakota
Sandstone and sandstones in the Burro Canyon Formation.
These aquifers contain water under artesian pressure only in
areas northeast of the principal faults and monoclines, where they
are overlain by younger, relatively impermeable strata that
serve as confining beds. In these areas, determination of depth
to the two principal aquifers, the Entrada and the Wingate,
is facilitated by use of the structure contours. The top of the
Entrada has been reached at depths ranging from 188 to 1,555
feet, but in most wells it is reached at 600 to 800 feet.

The finding of water in the Morrison Formation is generally
not predictable owing to the lenticularity of the sandstone beds.
Water in the Dakota and the Burro Canyon Formations generally
is of poor quality for most uses.

The coefficients of transmissibility (7) and storage (S) were
determined in the field for 11 of the 48 artesian wells for which
records are given, by flow tests using equipment and methods
designed for this investigation; the T values were checked by the
Theis recovery method and in part by laboratory determinations
of outerop samples. The average values of T and 8 for the En-
trada Sandstone are 150 gpd per ft (gallons per day per foot) and
5X 1075, respectively, and scanty data for the combined Entrada
and Wingate Sandstones suggest values of about 300 gpd per ft
and 10~%. Field tests of wells tapping a sandstone lens in the
Morrison Formation indicate 7' values of only 35-50 gpd per ft.
No tests were made of wells in the Dakota and Burro Canyon
Formations. Field and laboratory tests of the two principal
aquifers suggest coefficients of permeability of about 1 gpd per sq
ft (gallons per day per square foot) and 0.5 gpd per sq ft, respectively.
The laboratory tests indicate that the permeability of these sand-
stones parallel to the bedding planes is much greater than at right
angles to this direction.

The artesian aquifers are recharged mainly where streams cross
the outerops, but a small amount of recharge may result from pre-
cipitation on the outcrops. Except for the Gunnison River and
North East Creek, the streams that produce recharge are all
ephemeral. Because of the low permeability of the aquifers, the
rate of recharge probably is very small and not readily
determinable.

From known and assumed nondischarging conditions, an
average velocity is computed for down-dip movement of water
in the Entrada Sandstone to be only about 0.013 foot per day,
or about 5 feet per year.

Natural discharge from the aquifers probably occurs through-
out the Piceance Creek basin by slow leakage upward through
relatively impermeable confining beds and possibly along faults.
It is postulated that the amount of such natural discharge at any
one place is too small to measure by conventional methods and
that such water as may reach the surface probably is in a gaseous
state.

The first deep wells in the Grand Junction area seemingly were
drilled in the hope of finding oil or gas, but artesian water was
found instead. The first well may have been drilled in 1903 or
1904, and by 1946 only 14 wells were in use, 13 of which were
flowihg wells. Twenty-seven additional wells were drilled during
the 10-year period, 1947-56, but before the end of this period
interference between wells had caused considerable decline in
artesian heads and flows, some well owners had installed pumps,
and enthusiasm for drilling additional wells had diminished.
Thus, from 1956 to 1960, only seven additional wells were drilled.

Forty-three of the 48 wells for which records were obtained
were drilled by the cable-tool method, and five wells were drilled
all or in part by the hydraulic-rotary method. Most of the wells
contain at least two casings, but some contain one to four. Many
different types of commercial or homemade well seals, generally
augmented by gravity or pressure cementing, were used, but in
some wells water is leaking to the surface. Most of the wells are
cased only to the well seal above the aquifer and are open holes
through or into the aquifer, but a few have perforated pipe, and
two wells have well sereens surrounded by gravel. By 1960
most of the wells had been equipped with jet, turbine, or sub-
mersible pumps.

Because of the low permeability of the artesian aquifers, the
wells have small yields by either natural flow or pumping, and
average specific capacities of less than 0.1 gpm per foot of draw-
down for the Entrada Sandstone, slightly more than 0.1 gpm per
ft for the Entrada and Wingate Sandstones, and as low as about
0.01 gpm per ft for some wells in the Morrison Formation. Most
of the wells are operated at rates of 5 to about 40 gpm; larger
rates generally are not practicable. Such wells would be con-
sidered dry holes in many parts of the country but are valued in
the arid Grand Junction area where water of good quality is
scarce.

Curves are given in the report to show the amount of draw-
down that might be expected at different distances from wells
discharging at given rates for different periods of time from the
two principal artesian aquifers. These curves show that there is
considerable drawdown interference between wells in the same
aquifer or aquifers, particularly in the most intensely developed
areas.

Initial artesian heads ranged from near land surface to more
than 150 feet above land surface, but overdevelopment and inter-
ference between wells has caused known declines in head of more
than 50 feet in some wells and probably more than 100 feet in a
few others.

Analyses of 26 samples of water from 23 wells are given to
indicate the quality of water from the principal artesian aquifers.
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The samples from the Entrada Sandstone or the Entrada and
Wingate Sandstones were soft sodium bicarbonate water, most
of which had a hardness of less than 50 ppm (parts per million)
and some of which had a hardness of 10 ppm or less; three samples
had a hardness ranging from 100 to 124 ppm. Samples from the
Morrison were soft sodium bicarbonate-sodium sulfate water.
These waters are of good quality for domestic use, but contain
high percentages of sodium and may be harmful to certain plants
or crops. No samples were obtained from the Burro canyon
Formation or Dakota Sandstone, but reports from well drillers
and owners indicate that the water generally is brackish or salty.

In all the water analyzed, the relative softness is attributed to
natural softening by base exchange, whereby calecium and mag-
nesium ions in the water are exchanged for sodium ions in cer-
tain minerals in the aquifers and thus remove part or most of
the hardness-producing calecium and magnesium from the water.
Petrographic and X-ray examinations of samples of the Entrada
and Wingate Sandstones indicate that clay minerals cause
the softening. There is an almost linear decrease in hardness of
water in the Entrada with increased distance from the recharge
area.

Most of the artesian water in the Grand Junection area is used
for domestic purposes, either by the owner alone, by the owner
and nearby homes conneeted by pipeline, or by hauling to homes
equipped with storage tanks or cisterns. From 1 to as
many as 30 tank-loads (1,100-gallon tanks) per day are hauled
from 13 of the wells. Some of the water is used for watering
livestock, filling a swimming pool, supplying a meat-packing
plant, or watering small plots of lawn or shrubs.

Declines in artesian heads and flows indicate that the principal
aquifer—the Entrada Sandstone and to a lesser extent the Win-
gate Sandstone—have been overdeveloped in parts of the Grand
Junction area, but two relatively large areas are undeveloped or
only slightly developed and would yield additional water to wells,
preferably spaced more than a mile apart. One area comprises
the southwest side of the Grand Valley and the Redlands, in and
northwest from the northwestern part of the area. The other
arca comprises the southwestern side of the Grand Valley, parts
of Orchard Mesa, and the lower part of the Gunnison River
Valley in and southeast from the eastern part of the area.

Grand Junction and Fruita have municipal water supplies
piped from distant surface-water sources. The Colbran Project
of the U.S. Burecau of Reclamation will supply water for irrigation
and power in Plateau Creek valley north of Grand Mesa and to
the Ute Conservancy District for piping to several cities and towns
and most rural residents in the Grand Valley, including those of
the Redlands and Orchard Mesa. Completion of this water
system should greatly reduce the draft on the artesian wells in
in the Grand Junction area. This reduction should arrest the
decline of the artesian head or should allow the head to recover
gradually. Because of the small rate of recharge, however, the
recovery in head will take considerable time.

INTRODUCTION
PURPOSE AND SCOPE OF THE INVESTIGATION

An investigation of the geography, geology, and
artesian water supply of the Grand Junction area,
Mesa County, Colo., was begun in 1946 as a part of
the program of cooperative ground-water investi-
gations being made by the Colorado Water con-
servation Board and the U.S. Geological Survey.
The study was the outgrowth of a request from the

late Mr. Frank C. Merriell, a widely known water
engineer of Grand Junction to the late Judge Clifford
H. Stone, former Director of the Colorado Water
Conservation Board, concerning the degree of inter-
ference between flowing artesian wells in the Grand
Junction area and the danger of even greater over-
development. The purpose of the study first was
to determine the locations, depths, and yields of the
wells, hydrologic properties of the aquifers, chemical
quality of the water, and degree of interference be-
tween wells. Later, the investigation was broadened
to include studies of the recharge conditions and areas
of outcrop of the several aquifers, which required a
detailed study of the geology of the area.

The Grand Valley, which includes the northeastern
part of the area studied, is underlain largely by the
thick Mancos Shale, which is nearly devoid of usable
ground water. For this reason, rural domestic water
has to be hauled either from the few towns having
water-supply systems or from some of the artesian
wells described in this report. The wells are along
the southwestern side of the Grand Valley, mainly in
tracts known as Orchard Mesa and the Redlands. As
the population and water needs grew, more and more
wells were drilled and the draft on each well increased,
as did attendant interference between wells and lower-
ing of the artesian head. The demand for artesian
water was accelerated during and after World War 11
owing to the exploration for and development of
uranium in areas southwest of Grand Junction, which
served as headquarters for many of these operations
and, hence, increased in population. Information
gained during this investigation has been requested
by many well owners, drillers, engineers, geologists,
lawyers, and others ever since the work began and has
been very helpful in solving some of the water prob-
lems. It is hoped this report will augment the assist-
ance already given to some by making the information
available to all who need it. The investigation was
under the direct supervision of S. W. Lohman, T. G.
McLaughlin, and E. A. Moulder, successive district
supervisors in charge of cooperative ground-water

investigations in Colorado,
LOCATION AND SIZE OF AREA

The Grand Junction area, as referred to in this
report, comprises about 332 square miles in the west-
central part of Mesa County, in central-western Colo-
rado. Tt lies between lat 38°47%’ and 39°12%’ N,
and long 108°25’ and 108°47% W. The location of
the Grand Junction area and of other areas in Colorado
in which cooperative ground-water studies have been
made or are in progress is shown in figure 1.
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The Grand Junction area includes all the Colorado
National Monument, the boundaries of which are
shown in plate 1.

PREVIOUS INVESTIGATIONS

The first topographic and geologic maps of the
Grand Junction area and of Colorado were the result
of work by the U.S. Geological and Geographical
Survey of the Territories (Hayden, 1877b). The to-
pography and geology of the Grand Junction area
were studied and mapped by those masters of recon-
naissance, Henry Gannett and A. C. Peale, respectively,
in 1875 and 1876—long before there were any white
settlers or towns. In his report on the Grand River

District, Peale (1877) made many observations on the
geology. In a 28-page letter of transmittal of the
progress report for 1875, Hayden (1877a, p. 26) said:
“When [the survey is] finished, Colorado will have a
better map than any other State in the Union, and
the work will be of such a character that it will never
need to be done again. Colorado will never support
so dense a population that a more detailed survey
will be required.” Nevertheless, by 1913 the growth
of the State and the completion of more detailed
geologic studies of the major mining districts led to
the publication of a new geologic map of Colorado

(George and others, 1913).
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For the 1913 geologic map of Colorado, that part
of the Grand Junction area southwest of the Grand
[Colorado] and Gunnison Rivers was taken from the
geologic map of the Hayden survey, but the parts
northeast of these rivers were taken from coal studies
by Richardson (1909) and Lee (1912) of the U.S.
Geological Survey.

In 1935 a more detailed geologic map of Colorado
on a revised base was prepared by the U.S. Geological
Survey in cooperation with the Colorado Metal Mining
Fund. Changes shown in the geology of the Grand
Junction area included more detailed geology of the
Book Cliffs and a part of the Grand Valley by Erdmann
(1934), of parts of the Gunnison and Grand Valleys
by Campbell (1922), of parts of the Gunnison River
valley by Weeks (1925), and changes in nomenclature
and some revisions in geologic contacts of the area
southwest and west of Grand Junction by C. H. Dane
and C. B. Hunt, done in connection with an investi-
gation in Grand County, Utah (Dane, 1935). The
1935 geologic map of Colorado includes considerable
revisions in southwestern Colorado based upon the
geologic mapping of Coffin (1921), but his geologic
map does not extend far enough north to touch the
Grand Junction area.

Several reports of the U.S. Geological Survey on
areas in eastern Utah, published in the twenties and
thirties, had an important bearing on the stratigraphic
units now in use in the Grand Junction area, notably
those of Gilluly and Reeside (1928) and Baker, Dane,
and Reeside (1936). The sudden demand for uranium
during World War IT prompted detailed studies of
known and potential uranium-producing areas and
formations of southwestern Colorado, southeastern
Utah, and adjacent parts of Arizona and New Mexico
by the U.S. Atomic Energy Commission, the U.S.
Geological Survey, and private parties. These studies
provided a wealth of geologic information on the area
to the southwest of the Grand Junction area, and some
of the general studies included geologic sections meas-
ured within the latter area.

The only previous ground-water reports on the area
are that of Weeks (1925), which discusses the occurrence
of ground water in what are now called the Morrison
and Burro Canyon Formations and Dakota Sandstone
in the southeast corner of the area, and that of Jacob
and Lohman (1952), which briefly describes the artesian
aquifers and gives a new method for determining hydro-
logic properties of artesian aquifers from flow tests of
wells.

Several road logs containing information on the geol-
ogy and artesian water-supply of part of the area have
been published (Lohman 1956; 1959; 1960a; Lohman

and Donnell, 1959, 1960; Borden, 1960), and brief
descriptions of the geology of parts of the area have
been published (Lobman, 1960b, 1961a).

HISTORY AND METHODS OF INVESTIGATION

In the fall of 1945, Mr. Frank C. Merriell took me
on a trip through the Grand Junction area, during
which time all or most of the flowing artesian wells
were visited and well owners and well drillers were
interviewed. The geology of the recharge areas of the
several artesian aquifers also was observed briefly.

The brief inspection of the area indicated that, as a
first step toward a better understanding of some of the
problems of declining artesian head and interference
between wells, it would be necessary to measure the
shut-in head of as many wells as possible and to perform
pumping or flow tests on selected wells. During the
winter of 1945-46, I designed and built an ink-well
mercury gage'!? for accurately measuring not only
static shut-in head but also slowly recovering head after
a period of flow; as a result the recovery method also
could be used in determining the transmissibility of
the aquifers. A method was developed (Jacob and
Lobman, 1952) for determining the coefficients of both
transmissibility and storage from a flow test on a
single artesian well. The depths of the wells, which
ranged from 500 to more than 1,600 feet, precluded the
practicability of drilling observation wells, and existing
wells were too far apart for use of multiplewell methods.

During the summer of 1946, head and flow tests
were made on eight of the artesian wells, records were
obtained for other wells, and a reconnaissance was made
of the geology of the area. This reconnaissance in-
dicated the need for a more detailed study of the
geology to determine the location and nature of the
recharge areas, the effect of folding and faulting on the
recharge areas, and the lateral changes in character and
thickness of the strata. Because most of my time was
devoted to administrative matters and because virtually
all the funds available for cooperative ground-water
studies in Colorado were required for investigations of
higher priority in eastern Colorado, fieldwork in the
Grand Junction area was carried on intermittently
from a week to several weeks each year through 1956.
Samples of water were collected from representative
wells for chemical analysis in the laboratories of the
U.S. Geological Survey, at Albuquerque, N. Mex., and
and at Salt Lake City, Utah. Samples of sandstone
were collected from the two principal artesian aquifers
for determination of physical and hydrological proper-
ties in the survey’s hydrologic laboratory by W. H.

! Lohman, 8. W., 1947a, Ink-well gage for measuring artesian head: U.S. Geolog-
ical Survey, 6 p., mimeographed.

2 ———1947b, Ink-well mercury gage for measuring artesian head, improved by
the use of stainless steel valves: U.S. Geological Survey, 1 p., mimeographed.
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Lohman and R. A. Speirer, for petrographic examina-
tion by H. A. Tourtelot, and for X-ray determination
of the clays by V. J. Janzer, all of the Geological Survey,
at Denver, Colo. Measurements of shut-in artesian
head were made on certain wells almost annually
through 1952 but, because of the increased use of the
water, the number of wells for which permission could
be obtained for shutting off the flow overnight decreased
each year, and after 1952 it was considered impracti-
cable to continue the measurements.

Field mapping of the geology was done on stereo
pairs of aerial photographs obtained from the U.S.
Soil Conservation Service. The photographs were
made in 1937 at a scale of approximately 1:21,000.
Parts of the area were accessible by automobile or jeep,
but large areas were covered on foot, and much of the
Gunnison River Canyon was accessible only by a rail
motor car rented from the Denver and Rio Grande-
Western Railroad Co.

The geologic and hydrologic data thus obtained
sufficed to help many well owners and well drillers in
solving water-supply problems and to assist the Mesa
County District Court in handling litigation between
well owners.

After field mapping of the geology was completed,
high-altitude aerial photographs made in 1954 and 1955
became available from the U.S. Army Map Service;
these photographs were used by other Survey geologists
in preparing photogeologic maps of areas immediately
to the south. In order to reconcile the photogeologic
mapping and my field mapping, Donald G. Wyant, of
the Survey had the geology of the Grand Junction area
replotted by Kelsh plotter. The replotting was done
by Charles H. Marshall with my part-time assistance.
Small inaccessible or relatively inaccessible areas,
mostly along the Gunnison River valley in the south-
eastern part of the area, were mapped photogeologically
by Mr. Marshall and me, but most of the resulting map
(pl. 1) closely follows my original field mapping. The
stereoscopic model scale was about 1:12,000, reduced
by pantograph to 1:24,000; this scale was in turn
reduced to 1:31,680 during final compilation. Most
of the township and section lines and the place and
stream names on plate 1 were taken mainly from
planimetric base maps prepared by the U.S. Soil Con-
servation Service, scale 1:31,680, but some were taken
from township plats of the U.S. Bureau of Land Man-
agement and from maps of the U.S. National Park
Service. The roads and drainage were plotted by
Mr. Marshall at the time the geology was plotted.

Soon after the Grand Valley and Gunnison River
valley were opened to settlement in 1881, a group of
townships was surveyed by the General Land Office
and referred to the locally established Ute principal

721-906 O-65—2

meridian and base line. Later, when surveys referred
to the sixth principal meridian and base line reached
and surrounded the area, the two surveys did not fit
properly. As shown on plate 1 the junction of the
two surveys follows an irregular boundary and causes
some confusion.

The wells on plate 1 and in table 7 are numbered
consecutively from 1 to 48 in order by township and
section from east to west and from north to south.
Within each section the wells are numbered by quarter
section in a counterclockwise direction; and a similar
system is used within each quarter-quarter section.
Locations based on the earlier survey are followed by
“Ute P.M.” throughout this report.

I was assisted at various times in running flow tests
by Thad G. McLaughlin and William J. Powell, U.S.
Geological Survey; Charles C. Williams and William
R. Smith, formerly with the U.S. Geological Survey;
Mahmood Hussain, of Madras Province, India; and
by my son, William H. Lohman. I was assisted in the
geologic mapping during the summer of 1947 by W. J.
Powell, during the summers of 1948 through 1953 by
W. H. Lohman, and during the summers of 1955 and
1956 by my sons, James T. and Robert M. Lohman.
W. R. Smith also determined the altitudes of measuring
points on some of the wells by plane table and alidade.
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during the course of the investigation.

I am indebted to B. R. Finch, Russell Mahan, Homer
Robinson, and F. G. Bussey, successive Superintend-
ents, and Dwight L. Hamilton and Pat H. Miller,
successive Chief Park Naturalists, of the Colorado
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mation and in providing access to parts of the Monu-
ment not open to the public. Several members of
U.S. Geological Survey formerly stationed at Grand
Junction provided information on the geology of the
area, and I am particularly indebted to Richard P.
Fischer, Lawrence C. Craig, J. C. Wright, F. W. Cater,
F. G. Poole and Clifford N. Holmes for providing
copies of data or geologic sections measured in the
area and for many discussions of geologic problems.
Mr. Craig also reviewed the section on geology and
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made many helpful comments. I am greatly indebted
to H. A. Tourtelot of the Survey for microscopic and
X-ray examination of sandstone and clay samples, and
for reviewing parts of the manuscript. I am indebted
to V. J. Janzer of the Survey for X-ray and microscopic
examination of clay samples. E. B. Leopold, J. H.
Irwin, G. E. Lewis, R. A. Scott, S. A. Schumm, D. R.
Shawe, R. W. Stallman, F. W. Cater, Ogden Tweto,
J. R. Donnell, D. G. Wyant, P. L. Williams, W. R.
Hansen, and J. C. Wright, of the U.S. Geological
Survey, and W. C. Bradley, of the University of
Colorado, read parts of the report and made many
helpful suggestions.

I am indebted to the commanding officer of Lowry
Air Force Base, U.S. Air Force, Denver, Colo., for
authorizing an aerial photographic mission over the
Grand Junction area in response to my written request
of March 30, 1960, and to Master Sergeants M. M.
Friedman and C. M. Fetterman for taking a series of
excellent low-angle oblique aerial photographs of the
area, two of which are included in this report as figures
29 and 35.

I am greatly indebted to my sons and to my wife,
Ruth H. Lohman, who accompanied me during most
of the fieldwork, for their assistance and encouragement.

GEOGRAPHY

The Grand Junction area is in the northeastern part
of the Canyon Lands section of the Colorado Plateaus
province (Fenneman, 1928), the province being more
generally referred to simply as the Colorado Plateau.
The Canyon Lands section terminates against the Book
Cliffs, which form the northeastern wall of the Grand
Valley, northeast of which is the Uinta Basin section.
The Canyon Lands section is an upwarped plateau
containing several large folds, laccolithic mountains
that rise above the plateau surface, generally deeply
incised drainage, and an intricate set of deep canyons
(Hunt, 1956a, p. 2). The Grand Junction area, as
defined in this report, contains examples of all these
features except laccolithic mountains; but the nearest
of these, the La Sal Mountains, are in eastern Utah
only about 35 miles to the southwest.

Most of the Grand Junction area is on the north-
eastern flank of the Uncompahgre Plateau or uplift,
but it includes parts of the Grand Valley and the lower
Gunnison River valley. The area includes the city of
Grand Junction, the town of Fruita, and the villages
of Appleton, Whitewater, and Glade Park. A tract
of almost flat terrace land south of the Colorado River
above the mouth of the Gunnison River is called Or-
chard Mesa. A rolling and somewhat hilly area south
of the Colorado River and between the mouth of the
Gunnison River and Fruita is called the Redlands.

When the Gunnison expedition traversed the area in
1853, the present Gunnison River was known by its
Spanish name “Rio Javier” or by its Indian name
“Tomichi” (Hafen, 1927, p. 269), but Beckwith (1854,
p. 57), who wrote the report of the Gunnison expedition,
incorrectly referred to what is now named the Gunnison
as the Grand River and to what is now named the Colo-
rado River above Grand Junction as the ‘“Blue River”
or, as the Indians called it, the “Nah-un-kah-rea.”
The present Colorado River above Grand Junction was
known as the Grand River at least as early as 1842,
however (Fremont, 1845, p. 284). The city of Grand
Junction was so named because of its position at the
junction of the Gunnison and Grand Rivers. The
Green and Grand Rivers united in eastern Utah to
become the Colorado River. Sometime after the death
of Captain Gunnison in the fall of 1853, the Rio Javier
was named the Gunnison River in his memory. The
Grand River was renamed Colorado River by act of the
Colorado State Legislature approved March 24, 1921,
and by act of Congress approved July 25, 1921; but, in
addition to Grand Junction, the name Grand still
remains in the Grand Valley, between Palisade and
Mack; in Grand Mesa, which stands more than a mile
above the Grand and Gunnison Valleys; in the town of
Grand Valley, 46 miles upstream from Grand Junction;
and in Grand County, Colo., and Grand County, Utah.

TOPOGRAPHY

Before 1917 the only topographic map of the Grand
Junction area was that made by Henry Gannett during
the Hayden survey (Hayden, 1877b) at a scale of 1:253,-
400 and a contour interval of 200 feet. In 1917 a topo-
graphic map of the Grand [Colorado] River below Grand
Junction, scale 1:31,680, contour interval 25 feet, was
published by the U.S. Geological Survey (Herron, 1917,
pls. 27-32). In 1942 a topographic map of the Colorado
National Monument (pl. 1), scale 1:31,680, contour
interval 20 feet, was published by the U.S. Geological
Survey. This map was reprinted in 1948, and a shaded-
relief edition was published in 1958. In 1948 a topo-
graphic map (2 sheets) of the Whitewater Reservoir site
on the lower Gunnison River, scale 1:24,000, contour
interval 5, 10, and 20 feet, was published by the U.S.
Geological Survey. It includes a stretch of the Gunni-
son River valley from a few miles above Grand Junction
to Escalante, in Delta County, and shows the topography
from river level up to the proposed pool altitude of 4,800
feet. These were the only topographic maps available
during the fieldwork and until 1959, when the U.S. Army
Map Service published topographic maps of the Grand
Junction and Moab, Colorado-Utah sheets, scale 1:250,-
000, contour interval 100 and 200 feet. The entire area
of this report is included on these two maps, which were
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FLORA AND FAUNA?

The flora and fauna of the Grand Junction area vary
with the altitude as does the climate, which ranges
from arid in the lower parts of the area to subhumid in
the higher parts. For this reason the flora and fauna
are discussed separately for three different zones of
altitude and climate.

Gunnison River Valley and Grand Valley—Trees
are not common in the Gunnison River Valley and the
Grand Valley; the native vegetation consists mainly
of shrubs. Greasewood (Sarcobatus vermiculatus) is
the commonest shrub in the valleys; it grows abundantly
in alkali soil, especially where the water table is near the
land surface. Big sagebrush (Artemisia tridentata)
grows where there is less alkali (Harrington, 1954) and
locally occurs in association with saltbush (Atriplex sp.).
Rio Grande cottonwood (Populus fremontit var. wis-
lizenst), tamarisk (Tamarx pentandra) and willow
(Saliz sp.) grow along water courses and contribute
the major tall-growing flora in the valleys. In moist
areas near the rivers and canals are found other hydro-
phytic plants such as cattail, sedge, and bulrush.

The longtailed meadow mouse (Microtus longicaudus),
beaver (Castor canadensis), muskrat (Ondatra zibethica),
and nutria (Myocastor coypus) also live in these valleys.
Animal life in the valleys has been influenced consi-
derably by agriculture since occupation of the area
by white men. Mule deer (Odocoileus hemionus) are
found over most of these valleys and often damage
orchards in the Redlands. Large predators have
retreated from the valleys, but small carnivores such
as bobcat (Lynx rufus), gray fox (Urocyron cinereoar-
genteus), striped skunk (Mephitis mephitis), spotted
skunk (Spilogale gracilis), and badger (Taxidea taxus)
are still found.

The distribution of rodents and rabbits in these
valleys probably is almost unchanged since settlement
of the area. The shrub vegetation of the more arid
sections of the valleys shelter the deer mouse (Pero-
myseus manidulatus esgoodi), kangaroo rat (Dipodomys
ordit), and the Colorado cottontail (Sylvilagus auduboni
warrent). The Old World mouse (Mus musculus) is
found in the valleys, but the Norway rat (Rattus nor-
vegicus) is absent.

Birds are varied, ecologically, in these valleys. The
redwinged black bird (Agelaius phoeniceus), meadow
lark (Sturnella neglecta), and ringnecked pheasant
(Phasianus colchicus) prefer the irrigated parts, whereas
the lark sparrow (Chondestes grammacus), Gambel’s
quail (Lophortyxr gambelis), California quail (Lophortyx
californicus), and chukar (Alectoris graeca) prefer the
desert areas.

3 Adapted from Pat H. Miller, Chief Naturalist, Colorado National Monument
(written communication, Oct. 18, 1961).
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Cold-blooded vertebrates are represented in these
valleys by several species of reptiles and amphibians.
The Rocky Mountain toad (Bufo woodhousei wood-
houser), wandering garter snake (Thamnophis elegans,
vagrans), and the Utah milk snake (Lampropeltis doliata
taylor:) are found in moist areas. A different herpeto-
logical fauna occurs in the desert areas; it includes the
northern plateau lizard (Sceloporus undulatus elongatus),
the Great Basin sagebrush lizard (Sceloporus graciosus
graciosus), and the desert striped whip snake (Mas-
ticophis taeniatus taeniatus).

Colorado National Monument, Glade Park, and areas
of comparable altitude.—Harrington (1954) described the
flora of the Uncompahgre Plateau as a typical pifion-
juniper association. Colorado National Monument
represents an undisturbed part of the plateau owing to
National Park Service policies that preclude grazing,
hunting, and mining. Warren (1941) placed the upper
part of the Upper Sonoran Life Zone at an altitude a
little less than 6,000 feet and extended the Transition
Life Zone from that altitude to about 8,000 feet. The
higher altitudes of Colorado National Monument and
most of Glade Park are in the Transition Life Zone.

Species from the Grand Valley overlap into Glade
Park, but there is also a gradual change within the
3,000-foot interval. The pifion-juniper forest is domi-
nant at about 5,800 feet and continues on up through
the Transition Life Zone onto Pifion Mesa. The princi-
pal components are the pifion pine (Pinus edulis) and
Utah juniper (Juniperus osteosperma). Mountain
brush makes up the understory of the pifion and juniper;
it commonly includes mountain mahogany (Cercocarpus
sp.), sagebrush (Artemisia sp.), serviceberry (Amelan-
chier alnifolia), and skunkbrush (Rhus (trilobata).
Gambel’s oak (Quercus gambelii) appears at an altitude
of about 6,400 feet and grows abundantly up to about
8,500 feet.

Wapiti (Cervus canadensis) (elk) were transplanted
into Colorado National Monument during the 1920’s
and have since populated the monument and Pifion
Mesa with enough animals to provide an open hunting
season outside the monument boundaries. Mule deer
are abundant throughout the plateau and are hunted
regularly. During the winter, deer and wapiti migrate
to the lower elevations and increase the animal popu-
lation in the monument.

Predators include gray fox, ringtail (Bassariscus
astutus), bobcat, striped and spotted skunks, badger,
coyote (Canis latrans), and mountain lion (Felis con-
color). 'The larger predators extend their range into
the monument area only during the winter and espe-
cially when their prey has migrated to lower elevations.

The monument’s mammal population includes several
species of rabbits and rodents, many of which are found
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also in the valleys and in Glade Park. The rodents
include the rock squirrel (Citellus variegatus), Colorado
chipmunk (Eutamias quadrivittatus), kangaroo rat,
pocket mouse (Perognathus apache), pifion mouse
(Peromyscus crinitus), canyon mouse (Peromyscus trues),
porcupine (Erethizon dorsatum), Mexican woodrat
(Neotoma mexicana), and the bushy-tailed woodrat
(Neotuma cinerea). The rabbits include Nuttall’s
cottontail (Sylvilagus nuttallis) and the black-tailed
jack rabbit (Lepus ecalifornicus).

The scrub jay (Aphelocoma coerulescens), pifion jay
(Gymnorkinus cyanocephala), Oregon junco (Junco
oreganus), Say’s phoebe (Sayornis saya), golden-
crowned kinglet (Regulus satrapa), and the chipping
sparrow (Spizello passerina) represent a cross-section
of birds that nest in the area. Larger predaceous birds
that reside on the plateau include the golden eagle
(Aquila chrysaetos), red-tailed hawk (Buteo jamaicenis),
and great horned owl (Bubo virginianus). Merriam’s
turkey (Meleagris gallopava merriami) is a transplanted
bird that has become abundant enough to provide
an open hunting season on some parts of the plateau.

A herpetological survey of Colorado National Monu-
ment found nine saurian species, six species of snakes,
three species of toads, one tree frog, and one sala-
mander. The most abundant lizards of the plateau
are the Sceloporus previously described, two species
of whiptail (Cnemidophorus), and two species of Crota-
phytus). The most common snake is the Great Basin
gopher snake (Pituophis catenifer deserticola). The
faded midget rattlesnake (Crotalus viridis) is the only
known species of poisonous reptile on the plateau. The
red-spotted toad (Bufo punctatus), spadefoot toad
(Scaphiopus hammondi), canyon. treefrog (Hyla areni-
color), and the clouded tiger salamander (Amystoma
tigrinum) are present in the monument.

Pifion Mesa.—Harrington (1954) stated that the
ponderosa pine-Douglas-fir association starts at an
altitude of 8,500 feet, where it meets the pifion-juniper
forest, continues up to about 10,000 feet, and is eventu-
ally replaced by lodgepole pine (Pinus contorta), Engel-
mann spruce (Picea engelmanii), and subalpine fir
(Abies lasiocarpa). Marginally, ponderosa pine (Pinus
ponderosa) is found on south-facing slopes and Douglas-
fir (Pseudotsuga taxifolia) on north-facing slopes. The
forest on Pifion Mesa alternates from Gambel’s oak
and other mountain brush shrubs at the lower altitudes
to aspen (Populus tremuloides) at higher altitudes.

Anderson (1959) listed the following rodent and
rabbit species for the upper altitudes of Grand Mesa:
pika (Ochotona princeps), snowshoe rabbit (Lepus ameri-
canus), yellow-bellied marmot (Marnota flaviventris),
golden-mantled ground squirrel (Citellus lateralis), least
chipmunk (Eutamias minimus), pocket gopher (Tho-

momys talpoides), deer mouse (Peromyscus maniculatus),
bushy-tailed woodrat (Neotoma cinerea), Gapper’s red-
backed mouse (Clethrionomys gapperi), meadow mouse
(Microtus montanus), muskrat, and the western jumping
mouse (Zapus princeps). No small-mammal survey
has been made to confirm the occurrence of all these
animals on Pifion Mesa, but it is very likely that most
of them do occur there because of similarity of habitat
and the lack of an effective barrier between the two
high plateaus.

Predaceous mammals of Pifion Mesa include long-
tailed weasel (Mustela frenata), badger, bobcat, coyote,
and black bear (Ursus americanus). In addition to the
predators, wapiti and mule deer are common. Other
vertebrates that are characteristic of the mesa are:
wandering garter snake, western leopard frog (Rana
pipiens), tiger salamander, blue grouse (Dendragapus
obscurus), dipper (Cinclus mexicanus), Steller’s jay
(Cyanocitta stelleri), gray jay (Perisoreus canadensis),
and Clark’s nutcracker (Nucifraga columbiana). Fish-
ing is not a major activity on Pifion Mesa, although
the Fruita reservoirs contain rainbow trout (Salmo sp.)
and cutthroat trout (Salmo sp.).

SETTLEMENT ¢ AND POPULATION

Prior to 1881 the Grand Junction area was inhabited
only by Ute Indians, but it was visited from time to
time by a few fur trappers and explorers. In 1776 an
expedition led by Fathers Dominguez and Escalante
passed northward across Grand Mesa just to the east
of the Grand Junction area (Hafen, 1927, p. 269, 276,
277). A trading post was built by Joseph Roubdeau
about 1838 just above the present site of Grand Junc-
tion. In 1853 Captain John W. Gunnison, seeking a
feasible route for a transcontinental railroad (Beckwith,
1854), led an exploring party down the Gunnison River
valley, past the confluence with what is now the Colo-
rado River, and on down the Colorado River valley.
Members of the Hayden survey found only Ute Indians
in the area in 1875 and 1876; the field season of 1875
was abruptly cut short because of skirmishes with
hostile Utes (Hayden, 1877a). After the Meeker (Colo-
rado) Massacre of 1879, treaties were signed forcing
the Utes out of western Colorado onto reservations in
eastern Utah, and the last of the Utes were reported
out of the Grand Valley by September 1881. The
Grand Valley was immediately opened to settlement,
and the first ranch was staked out near Roubdeau’s
trading post on September 7, 1881. On September 26
of the same year, George A. Crawford founded Grand
Junction as a townsite and formed the Grand Junction

4 Taken largely from Colorado State Planning Commission (1959) and from Hamil-
ton (1956).
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Town Co. the following October 10. The success of
Grand Junction was assured on November 21, 1882,
when the narrow-gage line of the Denver and Rio
Grande Railroad reached it via the Gunnison River
valley. The town of Fruita was founded by William E.
Pabor in 1883 and incorporated the following year.

After much of the land in Grand Valley was taken up,
settlers homesteaded smaller tracts of mesa land higher
up on the slopes of Pifion Mesa in the areas known as
Glade Park and East Park. East Park, reached by the
old Jacob’s Ladder Road, is now virtually uninhabited,
and the sites of former homesteads are marked by decay-
ing log cabins. There are still a few ranches and a
general store and post office in Glade Park and several
cattle and sheep ranches and camps at and near the
summit of Pifion Mesa.

The population of Grand Junction, the county seat,
and of smaller towns and villages from the earliest
available figures through 1960 is given in table 1; the
gradual reduction in population of the smaller places in
contrast to the steady growth of Grand Junction is
quite apparent. Grand Junction, the largest city in
Colorado west of the Continental Divide, has long been
the trade center for much of western Colorado and a
part of eastern Utah, but its normal rate of growth was
greatly accelerated during and after World War II by the
development of the uranium industry.

TasLE 1.—Population of Grand Junction and of smaller places in
the Grand Junction areal

[From U.S8. Bureau of Census]

Population in
Place pulation in year shown
1890 | 1900 | 1910 | 1920 | 1930 1940 1950 1960

Appleton 1_________

Fruita_________.___

Glade Park 1____

Grand Junction__._| 2,

Whitewater 1_______

1 Includes population of county precinet bearing same nam ilk rfore
includes some or mostly rural resi};lelzlts. g ¢ as village, therfore

AGRICULTURE AND IRRIGATIONS

The agricultural possibilities of the Grand and lower
Gunnison Valleys were considered nil by members of
early exploration and survey parties. In 1853, Beck-
with (1854, p. 57) described the Grand Valley thus:
“The valley, twenty miles in diameter, enclosed by
these mountains, is quite level and very barren, except
scattered fields of the greasewood and sage varieties
of artemisia—the margins of Grand [Gunnison] and
Blue [Colorado] Rivers affording but a meagre supply
of grass, cotton-wood and willow.” In discussing the

¢ Information on irrigation systems and irrigated acreages was obtained from the
following sources: A. B, McLauthlin, Colorado Water Conservation Board; A. H.
Yeates, U.S. Bureau of Reclamation; W. J. Chiesman, Grand Valley Water Users
Association; and Follansbee (1929, p. 120-125).

agricultural possibilities of a larger part of western
Colorado in 1875, Peale (1877, p. 33) completely ig-
nored the dry Grand and lower Gunnison Valleys:
“A comparatively small proportion of the country is
fitted for agricultural purposes, farming land being
confined to portions of the valleys of the Uncompahgre
and Gunnison Rivers [upstream from the Grand June-
tion area], and to some small valleys on the upper part
of the Dolores, and a few of the streams draining the
Sierra la Sal [La Sal Mountains].”

After the Grand Valley was opened to settlement in
1881, it was soon realized that the climate was too arid
to grow crops successfully without irrigation. The
Grand Valley Irrigation Co., started in 1882, diverted
water from the Colorado River near the present site
of Palisade to irrigate 22,500 acres. From 1889 to
1907, five other small irrigation districts were formed,
each of which diverted water from the Colorado River
to irrigate from a few hundred to a few thousand acres,
part of which was on Orchard Mesa. In 1907 a diver-
sion dam was built on the Gunnison River near its
mouth to supply water to the Redlands Power Canal
for development of electric power. In 1917 this canal
began supplying water by pumping to the Redlands
Irrigation Co. for the irrigation of 3,800 acres on the
Redlands.

The big boost to the agricultural economy of the
Grand Valley occurred on September 23, 1912, when
President Taft signed the bill authorizing construction
of the Grand Valley project by the U.S. Bureau of
Reclamation. Construction began the same year and
was 60 percent completed by 1915, when the first water
became available for irrigation. As of March 1960,
this project included a movable-crest diversion dam
on the Colorado River 8 miles northeast of Palisade,
a powerplant (built in 1933 on the Orchard Mesa
irrigation district’s canal), two pumping plants, two
canals aggregating 99 miles in length, 166 miles of
lateral ditches, and 165 miles of drainage ditches.
Information on current irrigation systems in Grand
Valley is given in table 2.

All the land irrigated by the Redlands Irrigation
Co. and a small part of the other irrigated land are
within the area described in this report. In addition,
smaller areas near Whitewater are irrigated by di-
versions from tributaries of the Gunnison River, and
a few small islands and patches of flood plain between
Grand Junction and Bridgeport are irrigated by di-
versions directly from the Gunnison River. One such
diversion just east of the area is made by a large under-
shot water wheel. Several ranches in Unaweep Canyon
are irrigated by diversions from East Creek and its
tributaries, and a small area along North East Creek
is irrigated by diversions from North East Creek.
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TaBLE 2.—Irrigation systems in Grand Valley

Area
System Method of under
irrigation ditches
(acres)
Grand Valley project (Bureau of Reclamation)_] Gravity and pumping._ 142,416
Supplied by Grand Valley project: v pumping ’
Orchard Mesa irrigation district 2.________ Pumping and gravity. 310, 027
Palisade irrigation district QGravity. ___._.___..___ 35,950
Mesa County irrigation distric —-—-{ Gravity and pumping_ 32, 400
Grand Valley Irrigation Co._..______.________ Gravity_._._..__._____ 3435, 000
Redlands Irrigation Co._..__________ ceee{ Pumping _____________ s 3,800
Total e e 6 99, 593

! From U.S. Bureau of Reclamation. Of this theoretical maximum, from 33,000 to
38,000 acres is irrigated in any one season.

2 Includes facilities, and acreage of old East Palisade irrigation district.

3 From Grand Valley Water Users Association.

4 Estimated.

5 From Follansbee (1929, p. 121),

6 Only 70-80 percent of this total acreage is irrigated in any one season.

The irrigated acreage is largely in peach orchards,
for which the Grand Valley is widely known, but
pears, plums, prunes, apricots, apples, and cherries
also are grown, as are sugar beets, onions, and other
vegetables, and livestock feed. Descriptions of the
several types of soil and their suitability for growing
crops are given by Knobel, Dansdill, and Richardson
(1955). Cattle, sheep, and hogs are raised in the
valley, and cattle and sheep are grazed on the slopes
and crest of Pifion Mesa. Except for a small area in
Glade Park, most of the area is too arid for dry farming.

NATURAL RESOURCES AND INDUSTRIES

The principal natural resources of the Grand
Junction area are an abundant supply of irrigation
water, large tracts of irrigable land, mild climate,
beautiful scenery, and recreational facilities. Large
and small game and game birds are plentiful on the
slopes of Pifion Mesa and in the National Forests to
the south and east. Little fishing is done within the
area described, owing to the paucity of small perennial
streams, but excellent fishing is available on Grand
Mesa to the east and, to a lesser extent, on Pifion
Mesa to the south.

Mineral deposits are unimportant in the Grand
Junction area in comparison with many nearby areas.
In contrast to a large producing area just southwest
of the Uncompahgre Plateau, no commercial deposits
of uranium (Finch, 1955) or vanadium (Fischer, 1942)
have been found on the northeastern flank of the
plateau in or near the area described.

Sand and gravel are obtained at several places, and
small amounts of bentonite or bentonitic material have
been obtained from the Brushy Basin Member of the
Morrison Formation. Low-grade thin lignite coals
has been prospected or mined from the Dakota Sand-
stone at several places along the Gunnison River valley
(Woodruff, 1912), but it has not been mined for many
Years owing to the abundance of better bituminous coal
nearby in the Grand Mesa coal field (Lee, 1909, 1912) to

the east and in the Book Cliffs coal field (Erdmann,
1934) to the north. All tests for oil or gas in the area
have been unsuccessful owing to the absence of Paleo-
zoic rocks and the shallow depths of Mesozoic rocks
beneath the Grand and Gunnison Valleys, but there is
commercial production of oil and gas not far to the
north. Small pockets of natural gas have been found
in the Dakota Sandstone during the drilling of some of
the deeper artesian wells in the area (see p. 66), but
none has been in commercial amount. Attempts were
made to mine copper ore in Unaweep Canyon just south
of the area, but the workings were abandoned many
years ago (Butler, 1914). The Entrada Sandstone has
been quarried at several places in and near the Colorado
National Monument to supply building stone for the
older monument buildings and curbstone for Rim Rock
Drive.

A mica deposit was discovered before 1900 in Ladder
Canyon, in sec. 25, T. 12 S., R. 101 W, about 6% miles
southwest of Grand Junction, and by 1911 it had been
explored by a short tunnel and open cut (Sterrett, 1913,
p. 389). Production records are scanty, but some mica
was reported to have been produced in 1946 ; the mine,
known as the Williamson mine, was in operation when I
visited it on July 2, 1948, but operations were discontinued
a year or two later. The muscovite mica occurs generally
in small crystals but rarely in large books near the middle
of a nearly vertical pegmatite dike in the Precambrian
schist. The mica is in pink feldspar surrounded by
quartz containing large crystals of black tourmaline,
particularly near the contact with the schist. In 1948
some mica and feldspar were being produced and trucked
to Grand Junction, by the Mica Corporation of America;
from Grand Junction it was shipped by rail to eastern
markets. According to A. Polland, vice president of
the Corporation, the mica was ground and used mainly
in paints, insulation, and greases (oral communication,
July 2, 1948).

Although agriculture is the principal occupation in the
area, Grand Junction and suburbs have many small and
several large industries, including a uranium mill; fruit
and vegetable canneries; bakeries ; meat packing plants;
candy factories; dairies; flour mills; wood-products
plants that make fruit boxes, crates, and building
materials; chemical plants that manufacture insecticides,
fertilizers, and mining chemicals; aircraft-parts plants;
brick plants; and many others. Owing to its strategic
location, Grand Junction served as headquarters for
exploration and development of uranium ores by the
U.S. Atomic Energy Commission, for geologic investiga-
tions of uranium- and vanadium-producing areas by
the U.S. Geological Survey, and was selected as head-
quarters for more than 100 mining firms and at least
200 firms engaged in supporting the mining industry.
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The refinery of the American Gilsonite Co. near Looma is
just west of the area described in this report.

Grand Junction is an important division point on the
main line of the Denver and Rio Grande Western Rail-
road; a large freight-classification yard and a large icing
station for refrigerator cars are located there.

Grand Junction’s airport is served by two airlines
and a host of motels and several hotels are required to
bandle the needs of travelers on transcontinental U.S.
Highways 6 and 24, U.S. Highway 50, and several State
highways.

COLORADO NATIONAL MONUMENT ¢

No description of the Grand Junction area would be
complete without special mention of the Colorado Na-
tional Monument—a scenic attraction that drew
243,484 visitors in 1961.

The fantastically eroded and vividly colored canyon
country had a magic attraction for John Otto who, in
1906, camped near the mouth of the East Entrance of
Monument Canyon and began building trails into the
canyons and onto the mesas. In 1907 he interested
the Grand Junction Chamber of Commerce in sub-
mitting a petition to the Secretary of Interior, James A.
Garfield, asking that the area be set aside as a national
monument. Otto’s dream came true on May 24, 1911,
when President Taft signed the proclamation creating
the Colorado National Monument. Shortly thereafter
Otto climbed to the top of Independence Monument
(fig. 2), where he placed the United States flag in
observance of National Flag Day. The holes he drilled
for iron pitons can still be seen and are still used by
climbers of this 450-foot sandstone monolith.

Until 1922 the only means of access to the monument
were the trails built by John Otto, but in that year the
ranchers of Glade Park joined with Otto in constructing
the Serpents Trail from No Thoughfare Canyon to the
mesa above, to provide a more direct route to Grand
Junction (fig. 35). The trail reportedly contained 54
switchbacks and ascended about 1,500 feet in 2% miles;
it was included in the monument in 1933 and used
until 1950 when an easier route was completed up the
west side of No Thoroughfare Canyon and through a
tunnel to the top of the mesa.

Construction of the scenic Rim Rock Drive through
the monument was begun by the National Park Service
in 1931, in spite of strenuous opposition from John Otto,
who later left the area never to return; the drive was
eventually completed to join roads from Fruita and
from Grand Junction. The northwest entrance to the
monument is by a winding road up Fruita Canyon and

6 Taken in part from Minor (1943), Look (1951), Hamilton (1956), U.S. National
Park Service (1958), and Pat H. Miller, Chief Park Naturalist, Colorado National

Monument (written communications, Apr. 1 and 28, 1960, and Jan. 4, 1962; oral com-
munication, Apr. 17, 1960).

through two tunnels (fig. 34). From 1931 to 1942
about $3,865,000 was spent on this and other work in
the monument; the money was distributed among two
CCC camps, ERA projects, and crews of the National
Park Service.

The monument originally included 13,749 acres, but
it was enlarged to 17,539 acres in 1933 by the addition
of large tracts in Fruita and No Thoroughfare Canyons
and smaller areas along its western and northeastern
boundaries. Additional minor boundary changes in
1959 resulted in a total area of 17,606 acres and the
boundaries shown on plate 1.

Three buffalo were introduced into the canyons of
the monument in 1926 and have since multiplied to
the extent that the herd has to be reduced to about
20 animals at periodic intervals to keep within the
natural food supply. They may be seen generally in
some part of Monument, Ute, or Red Canyons or
along the northern part of the northeastern boundary,
where they are kept within the monument by a 7-foot
steel fence. Deer, elk, coyote, bobcat, mountain lion,
and fox also are reported to inhabit the monument,
but only the deer and fox are in sufficient numbers to
be seen frequently.

Since 1933 the monument has had a permanent staff
that has gradually increased to about eight. During
the summer a staff of about 25 is needed to handle an
ever-increasing number of visitors. The staff has in-
cluded a seasonal ranger-naturalist since 1955 and a
permanent naturalist since 1956.

The headquarters area near the Fruita entrance
includes camp and picnic grounds with sanitary rest
rooms. Several modern homes for monument per-
sonnel have been built as a part of the Mission 66
program of the National Park Service, which began in
1956, and additional new facilities including an
entrance station, ranger station, and residences at the
No Thoroughfare Canyon entrance were completed in
1960. A visitors’ center and other facilities were com-
pleted in 1963.

In addition to Independence Monument, many other
monoliths or other features have been given descriptive
or imaginative names, such as Balanced Rock, Window
Rock, Sentinel Spire, Pipe Organ, Kissing Couple,
Coke Ovens, Squaws Fingers, Liberty Cap, and—
perhaps most accurately descriptive of all—Cold
Shivers Point. (See pl. 1.)

GEOLOGIC FORMATIONS AND EVENTS AND THE
WATER-BEARING PROPERTIES OF THE ROCKS
SUMMARY OF GEOLOGIC FORMATIONS

Except for Quaternary deposits, the rocks exposed
in the Grand Junction area range in age from Pre-
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cambrian to Upper Cretaceous. The Precambrian
basement complex is composed of metamorphic and
intrusive rocks, and the overlying sedimentary rocks
are all of Mesozoic age. The lithologic character-
istics, succession, stratigraphic relationships, ranges
in thickness, and water-bearing characteristics of
the formations exposed are summarized on plate 2.

Inspection of plate 2 suggests that the Grand Junction
ares is perhaps more noteworthy geologically be-
cause of the absence of the thick sequences of strata
that are present in nearby areas than it is for the strata
that are present. Along the great unconformity be-
tween the Precambrian rocks and the Upper Triassic
Chinle Formation are missing part of the Precambrian,
all the Paleozoic, and much of the Triassic rocks.
The erosional unconformity at the base of the Entrada
Sandstone marks the absence of most to all the Kayenta
Formation, all the Navajo Sandstone and Carmel
Formation, and part of the Entrada Sandstone. The
reasons for some of these and other breaks or hiatuses
in the geologic column and the character and water-
bearing properties of the rocks in the area are dis-
cussed in the pages that follow.

The Mesozoic formations in the Grand Junction
area have been called various names by different
geologists. Many residents in the area know some
of the formations by their older names, particularly
by those of Cross (1907, p. 636), which were also used
later by Coffin (1921, p. 46-113). Table 3 shows
the many different names and geologic ages that
have been assigned to the Mesozoic formations, the
standard divisions of the U.S. Geological Survey
(left-hand column), and the formation names and ages
used in this paper (right-hand column). The corre-
lations are mine, and differ somewhat from some
of those of Baker, Dane, and Reeside (1936, tables
2 and 5).

PRECAMBRIAN COMPLEX

Throughout the area the Triassic Chinle Formation
rests unconformably on a very smooth erosion surface
of Precambrian granitic and metamorphic rocks which
are exposed at 20 places in the area (pl. 1). Most
of the larger exposures are southwest of the Redlands
fault and the associated monoclines in the floors of
the deep canyons of the Colorado National Monument;
the rest are in canyons southwest of the Ladder
Creek monocline and Bangs Canyon fault, in Unaweep
Canyon, and in the canyon of Dominguez Creek,
in the southeast corner of the area.

The Precambrian rocks in the Grand Junction
area are divisible into two general types—schist and
gneiss, and younger granitic intrusive rocks and dikes,
but there are many local variations in composition

and texture. This twofold subdivision was noted
in the nearest exposures east of the area in the Black
Canyon of the Gunnision by Hunter (1925, p. 8) and
west of the area in Grand County, Utah, by Dane
(1935, p. 21-23).

Most of the exposed Precambrian rocks are the older
schist or gneiss. A typical exposure of schist in Ladder
Canyon (SW¥ sec. 30, T. 12 S., R. 101 W.) reveals a
dark-reddish-purple, thinly laminated, highly metamor-
phosed biotite schist, whose planes of schistosity are
mainly vertical but in places are highly folded. In
Lizard Canyon (NE¥sec. 32, T.1 N.,R.2 W. Ute P.M.)
is a banded pinkish-purple to very dark granitic gneiss
containing much biotite and pink feldspar and some
porphyritic gneissic granite. In most places the schist
and gneiss are cut by seams or dikes of pegmatite,
quartz, or aplite. The largest pegmatite dike observed
in the area is in schist at the abandoned mica mine in
Ladder Canyon (SEY% sec. 25, T. 12 S., R. 101 W;
see p. 15). This dike is about 300 feet wide and is
mostly pink potassic feldspar and quartz. Throughout
the dike, but particularly near the contact with the
schist, are many large crystals of black tourmaline, and
near the middle are several veins of potash feldspar and
muscovite. One such vein 30 feet wide was mined for
mica and feldspar and was reported by the mine opera-
tors to contain 60 to 75 percent mica. (See p. 15.)
Most of the mica occurs in small crystals or small
books, but one book was removed that measured 3 by
6 by 9 feet.

In Ute Canyon, just southwest of the Redlands fault
(SEY sec. 34, T. 11 S., R. 101 W.), the Precambrian
complex consists largely of hard gray granite and
porphyritic granite, and contains seams and dikes of
aplite and pegmatite. This granite is harder and more
resistant to weathering and erosion than the more
abundant schist or gneiss.

In Unaweep Canyon, just southwest of the southeast
corner of the area, Butler (1914, p. 19) reported in-
clusions of mica and hornblende schist within the
granite, dikes of both pegmatite and diabase which
cut the granite and schist, and veins containing chal-
copyrite, pyrite, calcite, quartz, and hematite. He
reported that the granite is composed largely of feldspar
(mainly microcline but some plagioclase), quartz, mus-
covite, and biotite, but also contains apatite, rutile,
zircon, and magnetite—and, where the granite is coarser
grained, abundant titanite. He found that, although
the diabase varies somewhat in composition in different
dikes, it is composed mainly of plagioclase (probably
andesine), augite, and magnetite.

In a study of Precambrian rocks of the north-central
Colorado Plateau, Shoemaker (1956, p. 54) noted that
“Dark-colored mica schist and mica-hornblende gneisses
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predominate in exposures north of Unaweep Canyon
[including most of the Grand Junction area] and lighter
colored gneisses and massive granite predominate in
Unaweep Canyon and to the south along the southwest
flank of the [Uncompahgre] plateau.” Shoemaker
(1956, p. 56) considered the “* * * pale pinkish-gray
medium-grained two-mica granite * * *’ near the Tay-
lor Ranch in eastern Unaweep Canyon probably one of
the youngest intrusive masses in the Precambrian com-
plex, for it seems to be free of any effects of regional
metamorphism and is not cut by pegmatite dikes. He
indicated that this granite is composed of “* * *
about 40 percent quartz, 35 percent slightly perthitic
microcline, 15 percent albite-oligoclase, 7 percent mus-
covite, 2 percent biotite, 1 percent garnet, and minute
traces of apatite, zircon, magnetite, and hematite.”

Peale (1877, p. 66) classed the metamorphic and
granitic rocks of this area as Archean, but similar
nearby rocks in and above the Black Canyon of the
Gunnison were later subdivided by Hunter (1925, p. 8,
9) into Archean schist and gneiss and upper Algonkian
or lower Paleozoic granitic intrusive rocks. Hunter
also stated that the Archean Black Canyon Schist
corresponds closely with the Archean Vishnu Schist
of the Grand Canyon section. In Grand County,
Utah, Dane (1935, p. 23) closely followed Hunter’s age
assignments, except that he restricted the age of the
unmetamorphosed granite to late Precambrian. Shoe-
maker (1956, p. 54-56) considered the metamorphic
rocks of this area to be the approximate equivalent of
the Black Canyon Schist and tentatively correlated the
porphyritic biotite granite and the two-mica granite
of Unaweep Canyon with Hunter’s Vernal Mesa and
Curecanti Granites of the Gunnison River region,
respectively.

Ages of apatite and biotite from the two-mica granite
2 or 3 miles west of the Taylor Ranch in eastern Una-
weep Canyon, calculated by uranium-lead, lead, and
rubidium-strontium isotope ratios, ranged from 1,050
to 1,810+160 million years (Davis, 1954, p. 105;
Shoemaker, 1965, p. 56, 57). More recently, Griffin
and Kulp (1960, p. 220) reported the potassium-argon
ages of two specimens of biotite gneiss from the Black
Canyon of the Gunnison (presumably same age as
the Black Canyon Schist of Hunter) to be 930440
and 1,130+40 million years. These discrepancies
result in part from the fundamental differences in the
methods and the assumptions involved. The apparent
discrepancy of a slightly younger age assignment for the
metamorphic rock, which is believed by all geclogists
who have worked in the area to be older than the intrud-
ing granite, may be explained in part by the fact that the
age by the potassium-argon method merely indicates
the date of the last heating or metamorphism, which
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probably was caused in part by intrusion of the younger
granite. In discussing the possibility of constructing
a time scale based upon the few widely scattered age
determinations available, Faul (1960, p. 642) pointed
out that “* * * it becomes obvious that the available
data are still too few, too poor, and internally incon-
sistent.” According to the usage of the U.S. Geological
Survey, rocks of these indicated ages are classed as
Precambrian. Although the schist and gneiss are
extremely old, even the younger intrusive rocks seem-
ingly are fairly old, for in this area is lacking the great
thickness of upper Precambrian slightly metamorphosed
sedimentary rocks that rest with pronounced uncon-
formity on the highly metamorphosed schist in the San
Juan Mountain region of southwestern Colorado
(Lovering, 1933, p. 272), and which possibly may be
correlative with the thick Grand Canyon Series of
Arizona. James (1960), however, has pointed out the
riskiness of long-range correlation of Precambrian rocks
without very detailed studies.

The Precambrian complex is unimportant as a source
of ground water in the Grand Junction area. A few
small springs that issue at the contact between the
Precambrian rocks and the Chinle Formation in canyons
of the Colorado National Monument supply water to
the buffalo (Pat H. Miller, Chief Park Naturalist, oral
communication, Apr. 12, 1960). Presumably the water
comes from the weathered zone near the top of the
Precambrian rocks.

UNCONFORMITY BETWEEN PRECAMBRIAN AND
TRIASSIC ROCKS

LATE PRECAMBRIAN AND EARLY PALEOZOIC EVENTS

Although the details of the great hiatus at the
unconformity between the Precambrian complex and
the Upper Triassic Chinle Formation in and near
the Grand Junction area are still imperfectly known,
the broad features were surmised as early as 1875 by
Peale (1877, p. 68, 69) and much additional data has
been gathered by later workers.

The late Precambrian history of the area is obscure,
but the great thickness of slightly metamorphosed
upper Precambrian sedimentary rocks found in the San
Juan Mountain region to the south (Lovering, 1933,
p. 272) are missing in and near this area; if similar
sediments were deposited here, they were subsequently
removed by erosion.

Most geologists agree that the Early Cambrian sea
was restricted to the Paleozoic Cordilleran trough west
of Colorado. Middle Cambrian sedimentary rocks
were found in the General Petroleum Corp. 1 Schulte-
Government oil test in sec. 15, T. 6 S., R. 103 W.
(Hallgarth, 1959), about 29 miles northwest of Fruita;
these rocks indicate that by Middle Cambrian time
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the sea had advanced at least a few miles into western
Colorado. If any deposits of this age were laid down
as far east as the Grand Junction area, however, they
were removed by subsequent erosion.

The Upper Cambrian Cordilleran trough seems to
have extended eastward entirely across Colorado, except
for a large positive area in the north-central and north-
eastern parts of the state, called by some the Siouxia
positive (McCoy, 1953, p. 1877) or Transcontinental
arch (Holmes, 1956, p. 30, 32), and another positive area
in south-central Colorado called the Sierra Grande
positive (McCoy, 1953, p. 1877). Upper Cambrian
quartzite and carbonate rocks are found in parts of
Colorado, but any deposits of this age that were laid
down in the Grand Junction area have since been re-
moved by erosion.

According to Burbank (1933, p. 279), the Ordovician
sea invaded Colorado three times and left deposits in
much of central and eastern Colorado, but much of
southwestern Colorado remained a landmass during
these invasions. Middle and Upper Ordovician strata
were penetrated in the General Petroleum Corp. oil
test referred to above but, if any rocks of these ages
were deposited in the Grand Junction area, they were
removed by subsequent erosion. Ordovician and
Silurian strata are generally absent throughout the
Colorado Plateau (Eardley, 1951, p. 393), and Silurian
rocks have not been found in Colorado.

All of Colorado seems to have been subjected to ero-
sion from the retreat of the Ordovician sea until Late
Devonian time (Burbank, 1933, p. 279), and this long
period of erosion may have removed all or a large part
of any pre-Devonian sediments that were deposited in
and near the Grand Junction area.

After this long period of erosion, most of Colorado
and adjacent areas sank beneath the sea and received
deposits of Late Devonian and Early and Late Mississip-
pian age, including the widespread Lower and Upper
Mississippian Leadville Limestone (Burbank, 1933, p.
279). Beds of Devonian(?) and Mississippian age were
penetrated in the nearby General Petroleum Corp. oil
test referred to above, and it seems likely that similar
deposits covered the Grand Junction area. According
to Burbank (1933, p. 279), warping of the crust which
began in Late Mississippian time, allowed the wide-
spread formation of a karst topography on the Leadville
Limestone by a prolonged period of weathering and the
formation of the Colorado geanticline including the
ancestral Front Range and Wet Mountains.

LATE PALEOZOIC AND EARLY MESOZOIC EVENTS

In Early Pennsylvanian time a deep geosynclinal
trough extended southeastward from northwestern
Colorado to the eastern part of the San Luis Valley, and

the upland to the west of this trough gradually rose to
form the Uncompahgre-San Luis geanticline or highland
and probably attained its maximum height in Later
Pennsylvanian or Permian time (Burbank, 1933, p. 280,
fig. 13). As this geanticline rose it was gradually
stripped of all remaining sedimentary rocks, the removed
material being deposited in the deep troughs to the
northeast and southwest. Dane (1931, p. 28) estimated,
from the volume of clastic sediments derived from the
erosion of this landmass and deposited iu part in a large
trough just southwest of the Grand Junction area, that
the crest of the Uncompahgre highland may have stood
at least a mile above its margins, although the landmass
was less than 100 miles wide.

In the Grand Junction area, erosion of the Uncom-
pahgre highland continued until Late Triassic time,
when the peneplained Precambrian complex was covered
by a part of the Upper Triassic Chinle Formation. Pre-
cambrian rocks were found beneath the Chinle at a
depth of about 4,098 feet in the Amerada Petroleum
Corp. Ashbury Creek Unit 1 oil test in the SE4NEY
sec. 14, T. 9 S., R. 101 W., only 10 miles northeast of
Fruita, and at a depth of about 4,155 feet in the Kerr-
McGee Oil Industries’ Unit 1 oil test in sec. 8, T. 8 S.,
R. 102 W., about 15 miles northwest of Fruita (Walter
E. Hallgarth, oral communication, June 30, 1960).
Thus, the relatively thick section of Paleozoic rocks
penetrated in the Schulte-Government oil test dimin-
ishes to a featheredge somewhere within the 14-mile
interval separating this test and the Kerr-McGee oil
test and not far to the north of the Amerada Petroleum
Corp. oil test. That the featheredge of the Paleozoic
rocks may be present downdip not far to the north or
northeast of the Grand Junction area, however, is sug-
gested by the above-average content of chloride in a
sample of water from well 1, in the SW%NEY sec. 29, T.
1N, R.1. W. Ute P.M. (table 8, fig. 46). This sample
could be diluted connate water that migrated both up-
dip and vertically to the Entrada Sandstone from the
featheredge of marine Paleozoic rocks.

East of the Grand Junction area higher parts of the
Uncompahgre highland remained until at least mid-
Morrison time (Late Jurassic), for the Triassic and most
of the Jurassic strata thin to extinction eastward toward
the old landmass and are absent over parts of it. The
details of later Mesozoic events are discussed at appro-
priate places in the pages of that follow.

TRIASSIC SYSTEM
UPPER TRIASSIC SERIES
CHINLE FORMATION

Definition.—The Chinle Formation was named from
Chinle Valley in northeastern Arizona by Gregory
(1916, p. 79; 1917, p. 42).
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Character, distribution, and thickness—The Chinle
Formation consists largely of soft red siltstone, but it
also contains thin hard ledge-forming beds or lenses of
red siltstone, limestone, and conglomerate, and thin
layers of greenish siltstone. The bedding is irregular
to wavy, and many beds contain concretions of siltstone.
The limestone beds observed range in thickness from
less than a foot to 4.5 feet, and are reddish purple, red,
green, or pale green. The conglomerate, which is
lenticular and occurs only locally, attains a thickness
of more than 4 feet in the No Thoroughfare Canyon
section, where it occurs near the middle of the formation.
The upper 0.8 foot of this conglomerate is very hard
and is ledge-forming; it consists of unsorted pebbles of
limestone and red sandstone in a matrix of limestone.
The lower 3.5 feet consists largely of pebbles of greenish,
reddish, and purple limestone from ¥ to 1% inches in
diameter in a matrix of red siltstone, but grades upward
into siltstone containing thin layers and concretions of
limestone. Locally, thin lenses of conglomerate near
the base of the Chinle contain pebbles of feldspar,
quartz, or granitic rocks derived from the underlying
Precambrian complex.

The Chinle forms a gentle to steep slope between the
nearly vertical cliffs of Wingate Sandstone above and
the generally smooth exhumed erosion surface on the
underlying Precambrian complex in all canyons of the
area that have been eroded deeply enough to intersect
it. It is especially well exposed in the canyons of the
Colorado National Monument (fig. 2), along the Red-
lands fault (figs. 34 and 35), and along the Ladder
Creek monocline and Bangs Canyon fault (fig. 36).

The Chinle Formation was penetrated in the deeper
water wells of the area and in the J. E. Dinger-Clay-
baugh 1 oil test in the SW%SWY sec. 35, T. 2 S., R.
2 E., Ute P.M., about 4 miles east of the area.

In the Grand Junction area the Chinle Formation
ranges in thickness from 80 to about 120 feet, but
generally is about 100 feet thick.

The measured sections that follow are typical of the
Chinle in this area. (See also the East Unaweep
Canyon and Ladder Canyon sections at the end of
this report.)

Section of Chinle Formation along east side of Fruita Canyon in
SWi4 sec. 32, T.1 N., R. 2 W., Ute P. M.

[Measured by S.W. Lohman and W.H. Lohman, Aug. 17, 1949]

Thickness
(feet)

Triassic:
Wingate Sandstone (incomplete):
Sandstone, fine-grained, buff; cemented with
calcium carbonate. In bedded layers 1-4 in.
thick separated by thin crossbedded layers.
Lower 3—4 ft contains pellets of red siltstone
and a few pellets of greenish limestone. Con-

tact looks regular and conformable when

GEOLOGY, ARTESIAN WATER SUPPLY, GRAND JUNCTION AREA, COLORADO

Section of Chinle Formation along east side of Fruita Canyon in
SWi4 sec. 32, T. 1 N., R. 2 W., Ute P.M.—Continued

Thickness
Triassic—Continued (feet)

Wingate Sandstone—Continued

Sandstone—Continued
viewed from distance, but locally is very ir-
regular for distances of 20-30 ft. Locally,
thin beds of Wingate-like sandstone are inter-
bedded with red siltstone near top of Chinle
Formation.

Chinle Formation:

Siltstone, red; cemented with calcium carbonate,
fractures irregularly, weathers into rounded
forms. Upper part contains irregular channel
fillings containing round pebbles of green lime-
stone 1-2 in. in diameter and pebbles and
cobbles of pale-green shale as large as 4 in. in
diameter. Contains harder beds of siltstone
3—4 ft thick. Lower part partly concealed__.

Siltstone, red, hard; fractures irregularly; joints
filled with calcite. Forms ledge. ___.________

Siltstone, red, mostly covered. . ._ . __________

Siltstone, red, hard; fractures irregularly; joints
filled with calcite. Near top contains concre-
tions of green limestone. Forms ledge______

Siltstone, red, mostly covered. - - _____________

Limestone, silty, hard, massive; fractures irreg-
ularly; reddish to purplish near base, green
and red near top. Forms ledge_ ... _.______

Siltstone, red; in irregular hard and soft layers
a few inches to 1 ft thiek__________________

Siltstone, very hard, massive; fractures irreg-
ularly; dull brick red. Cemented mainly with
hematite or silica but near base with calcium
carbonate. Upper foot contains rounded peb-
bles of limestone }4-% in. in diameter__.______

Siltstone, red, partly concealed. Mostly soft
but contains a few hard layers______________

Limestone, hard, thinly laminated, pale green
but stained red on exposure. Joints filled
with calecite. Forms ledge_ - ________

Siltstone, red; cemented with calcium carbonate._

Covered interval, probably red siltstone_______

4.5
18. 3

4.5

7.1

4.0

20. 2

Total Chinle (rounded) __ .. ____.___________
Precambrian:
Granite, biotitic, dark, thoroughly fractured and
deeply weathered.

Section of Chinle Formation along west side of No Thoroughfare
Canyon in NEY; sec. 31, T. 1 8., R. 1 W., Ute P.M.
[Measured by S.W. Lohman and W. H. Lohman, Aug. 22, 1949}

Thickness
(feet)

Triassic:
Wingate Sandstone (incomplete):

Sandstone, fine-grained, buff; cemented with
calcium carbonate. First bed 9 ft thick, cross-
bedded in parallel layers 1-2 ft thick.

Chinle Formation:

Siltstone and shale, red; hard when fresh but
weathers to form recess beneath cliff above._

Sandstone, fine-grained, reddish-buff, hard;
contains some concretions of shale in lower

0.6
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Section of Chinle Formation along west side of No Thoroughfare
Canyon in NEY sec. 31, T.1 8., R. 1 W., Ute P.M.—Con.
Thickness

Triassic—Continued (feet)

Chinle Formation—Continued
Sandstone-—Continued
part. Resembles Wingate but is evenly
bedded. Forms protruding layer under base
of Wingate_ .. ___________.
Siltstone; mostly red but includes several thin
greenish layers, mostly hard and ledge forming;
in layers 1-3 ft thick. Concretions scattered
throughout and in several layers_____._.__.__.. 34
Siltstone, red, hard; upper half ledge forming.
Contains several concretionary layers, and
upper part contains several thin lenses of con-
glomerate similar to bed below.____________ 9
Conglomerate, very hard, ledge-forming; con-
tains unsorted pebbles of limestone and red
sandstone as large as 2 in. in diameter in lime-
stone matrix_ ____________________________ .8
Conglomerate containing pebbles of greenish,
reddish, and purple limestone }4-1% in. in di-
ameter in matrix of red siltstone. Grades
upward into siltstone containing limestone

1.5

concretions and some thin layers of limestone.. 3.5
Siltstone, red, hard; contains hard limestone

concretions in middle and upper parts and

thin beds of purple concretionary limestone__ 12
Siltstone, red, soft _ _ . __ _____________________ 2
Limestone, silty, red, hard, ledge-forming______ 1.9
Siltstone, red, soft_ _ . _________________ 1.6

Limestone, silty, concretionary, reddish-purple,
hard. Conchoidal fracture. Forms small

Siltstone, red, soft, poorly exposed.___________ 2.0
Siltstone, red, calcareous, hard, ledge-forming;
contains in upper part concretions of greenish
sandy limestone_ _ . __.____________________ 3.5

Conglomerate, greenish; contains small pebbles

Siltstone, red; base poorly exposed_ ... _____
Total Chinle (rounded) __._________________ 81
Precambrian:
Grarite, dark-reddish; contains thin quartz

veins and pegmatite dikes. Deeply weathered.

Conditions of deposition.—The vertebrate fossils
(Camp, 1930) and abundant silicified wood (Gregory,
1917, p. 49, 50) found in the Chinle Formation in the
Navajo Country of northeastern Arizona and the fresh-
water invertebrates in the Chinle near Moab, Utah
(Baker, 1933, p. 40, 41), and elsewhere (Dane, 1935,
p. 63; Stewart, 1956, p. 91) all indicate the continental
origin of the Chinle. From studies of Triassic rocks in
a large part of the Colorado Plateau, Stewart (1956,
p. 91; Stewart and others, 1959, p. 522) concluded that
the Chinle probably formed on a widespread low-lying
alluvial plain containing many lakes and that the source
of the material, at least in part, was the Uncompahgre
highland, as indicated by the dip of cross-strata in
sandstone to the south and by the onlap of the forma-

tion onto the ancient landmass. The character of the
Chinle Formation in the Grand Junction area is in
accord with this suggested mode of origin. In some
parts of the Colorado Plateau the deposition of the
Chinle was accompanied by showers of volcanic ash
(Stokes, 1958, p. 28), but no evidence of this was noted
in the Grand Junction area.

Age and correlation.—In the Grand Junction area
the Chinle Formation seems to be unfossiliferous, but
on the basis of both vertebrate and invertebrate fossils
found elsewhere (see Gregory, 1917, p. 46-48; Baker,
1933, p. 41) the Chinle is dated as Late Triassic. The
Chinle is equivalent to a part of the Dolores Formation
of Cross in the San Juan mountain region (Gilluly and
Reeside, 1928, p. 67) and of Coffin (1921, p. 46-52) in
the uranium-vanadium mining region south of the
Grand Junction area. Only the upper part of the
Chinle seems to be present in and near the area, for the
lower members thin northward to extinction just south
of Moab, Utah (Stewart, 1956, p. 89). In a report in
preparation on the Triassic rocks of the Colorado
Plateau by F. G. Poole (U.S. Geological Survey, oral
communication, July 27, 1960), that part of the Chinle
present in the Grand Junction area is included in the
Church Rock Member of the Chinle, the type locality
of which is in Monument Valley, Ariz. (See also
Stewart and others, 1959, p. 517.) The Chinle thins
to extinction east of the area against the higher parts
of the ancient Uncompahgre highland, and is absent in
the Black Canyon of the Gunnison (Siebenthal, 1905,
p. 401-403).

Water supply.—The Chinle Formation is not water
bearing in this area and, because it is dominantly silt-
stone, it doubtless has a very low permeability. Small
springs at the basal contact of the Chinle in the canyons
of the Colorado National Monument probably issue
from the underlying weathered Precambrian rocks

(p. 20).

TRIASSIC AND JURASSIC SYSTEMS
GLEN CANYON GROUP

The name “Glen Canyon group” was applied by
Gregory and Moore (1931, p. 61), with the concurrence
of James Gilluly and J. B. Reeside, Jr., to include, from
oldest to youngest, the Wingate Sandstone, Kayenta
Formation [their “Todilto?’], and Navajo Sandstone
in Glen Canyon, Utah and Arizona, but the name first
appeared in print in 1927 (Baker, Dobbin, McKnight,
and Reeside, p. 787). The Glen Canyon Group com-
prises these three formations throughout most of the
Colorado Plateau, but in the western part of the
Navajo country a fourth formation, the Moenave For-
mation, was added to the group by Harshbarger,
Repenning, and Irwin (1957, p. 12). There the
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Moenave occurs between the Wingate and the Kayenta,
but the Moenave and Kayenta were later considered
partial stratigraphical equivalents (Lewis, Irwin, and
Wilson, 1961, p. 1439).

In the Grand Junction area the Glen Canyon Group
is represented by the Wingate Sandstone and locally
also by the Kayenta Formation.

TRIASSIC SYSTEM
UPPER TRIASSIC SERIES
CONTACT BETWEEN CHINLE FORMATION AND WINGATE SANDSTONE

The contact between the Chinle Formation and the
overlying Wingate Sandstone generally is fairly sharp,
especially when viewed from a distance (fig. 2), but
locally is irregular; in places, thin beds of Wingate-like
sandstone occur near the top of the Chinle. In general,
however, the contact appears conformable and locally
gradational; no significant hiatus is apparent between
the two formations. A similar relationship was found
in the Moab region by Baker (1933, p. 1, 42) and in
Grand County, Utah, by Dane (1935, p. 72-74). Far-
ther to the west and south, this contact has been de-
scribed by many as unconformable (for references, see
Gilluly, 1929, p. 94 and footnote 13), and this was a
factor in the erroneous earlier assignment of the gener-
ally unfossiliferous Wingate Sandstone to the Jurassic(?)
System. Reexamination of the supposed unconformity
between the Chinle Formation and the Wingate Sand-
stone in the Navajo Country of northeastern Arizona
and adjacent States (Gregory, 1917, p. 48) by Harsh-
barger, Repenning, and Irwin (1957, p. 5) indicated
that the deposition of the Chinle and Wingate was
seemingly continuous and that the contact generally is
conformable. Stewart and others (1959, p. 523), how-
ever, indicated a slight erosional unconformity at the
top of the Chinle in much of southeastern Utah.

WINGATE SANDSTONE

Definition.—The Wingate Sandstone was named by
Dutton (1885, p. 136-137) from cliff exposures north
of Fort Wingate, N. Mex.

Baker, Dane, and Reeside (1936, p. 4-5) extended
the use of the name Wingate to the spectacular cliff-
forming sandstone throughout the Colorado Plateau.
On the basis of later fieldwork, however, they (1947,
p. 1666-1668) stated that the sandstone cliffs at
Dutton’s type locality of the Wingate Sandstone north
of Fort Wingate, N. Mex., were formed by the Entrada
Sandstone, and they proposed that the name Wingate
be retained for the sandstone of the lower formation
of the Glen Canyon Group and that the original type
locality of the Wingate be abandoned. This somewhat
paradoxical situation led many geologists to refer orally
to the Wingate Sandstone in the western and northern
parts of the Colorado Plateau as “Utah Wingate.”
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This situation was later rectified by Harshbarger,
Repenning, and Irwin (1957, p. 8), who found that the
lower half of Dutton’s type section is indeed the Wingate
Sandstone (their Lukachukai Member of the Wingate)
and that only the upper half is the Entrada Sandstone.
Thus, the original type locality needed only a modified
description—not abandonment.

Character, distribution, and thickness.—The Wingate
Sandstone typically crops out in a sheer cliff and is the
most strikingly exposed formation in the Grand Junc-
tion area (figs. 2, 5-10, 30-37). The particles com-
posing the Wingate are, dominantly, very fine grained
sand, lesser amounts of fine-grained sand and silt, and
small amounts of clay, but one sample contained a
small amount of medium-grained sand, and one was
dominantly silt (fig. 4 and table 4). The median grain
diameters for three samples ranged from 0.062 to 0.097
mm (very fine grained sand), and the values of the
Trask sorting coefficient? for the three samples ranged
from 1.3 to 1.6 and indicate well-sorted material.

Table 4 indicates also that 50 to 60 percent of the
three samples of Wingate Sandstone consisted of
quartz grains and that 15 to 20 percent of the sand-
stone consisted of feldspar grains (mostly orthoclase,
and minor amounts of microcline and plagioclase).
This characteristic also applies to the six samples of the
Entrada Sandstone. The greatest variation in min-
eralogical composition among the three samples ex-
amined is the wide range in the content of calcite
cement—also typical of the four samples of the Slick
Rock Member of the Entrada Sandstone. From
microscopic studies of thin sections, H. A. Tourtelot
(written communication, July 14, 1960) described the
three samples of the Wingate as follows:

Sample 7.—The grains of this rock are mostly subanglar in
cross section. The matrix is very patehy in its distribution and
consists of a mixture of kaolinite and a micaceous clay mineral.
Where sand grains are in contact, there has been moderate solu-
tion along their boundaries so that the grains have intersutured
contacts along which parts of one grain project into the other.
Many of the grains have a highly birefringent rim and some of
the feldspar grains are moderately altered. Red iron oxide is
present only in minor amounts and is concentrated in the matrix.

Sample 8.—The cross section of most grains is subangular, but
the shape of many grains has been considerably modified by
replacement with calcite. The rock is vaguely layered; the
coarse-grained parts, in which typical grains are 0.15-0.2 mm in
diameter, contain somewhat less matrix clay than the finer
grained parts, in which typical grains are about 0.05 mm in

7 Trask’s sorting coefficient (So), or the geometrical quartile deviation, is based on
the square root of the ratio between the quartiles:

So= Q_’*

Q.
in which the quartiles are the diameters that correspond to frequencies of 25(@,) and
75(Q,) percent smaller than the sizes shown for these percentages in figure 4 (Trask,
1932, p. 70-72).
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FIGURE 4.—Cumulative curves showing particle sizes of three samples of Wingate Sandstone. For locations of sampling points, see table 4.
diameter. The matrix clay also is more evenly distributed in | caused by the small content of montmorillonite and illite
the finer grained parts. A few flakes of biotite were noted. Few

grains of feldspar are altered. Red iron oxide is mostly in the
matrix clay, but also makes a thin coating on some grains.

Sample 9.—The cross section of most grains is subangular
to subrounded. Although the amount of matrix is somewhat
lower than in most other slides, grain suturing is only moderate.
Red iron oxide is present in minor amounts and occurs mostly
in discrete grains comparable in size to the other particles in the
rock. The original nature of these grains cannot be made out.
Some iron oxide is in the matrix also, and appears to be concen-
trated around grains less than 1 micron in diameter of a mineral
with very high birefringence and very high relief. These
grains are interperted to be siderite.

The 2.5 to 6.0 percent clay in the three samples
of Wingate Sandstone consisted of 25 to 35 percent
kaolinite and 65 to 75 percent mixed-layer clay, the
latter comprising more than 50 percent illite and
less then 50 percent montmorillonite. Although the kaoli-
nite has some base-exchange capacity, most of the softening
of the ground waters in the Wingate seems to have been

in the mixed-layer clay, in this order (p. 117).

Certain elements of the mineralogical composition
are in generally good agreement with some of the
physical and hydrological properties (table 4). The
percentages of matrix clay and natural voids compare
favorably with the porosities, particularly when the
percentages of calcite cement are taken into consid-
eration. The apparent inverse relation of the percentage
of calcite cement to the porosity and permeability
is to be expected.

The Wingate Sandstone is horizontally bedded,
generally in layers from 10 to 80 feet thick, but a few
layers are only 1 to 2 feet thick. Most of the layers
are crossbedded, generally at rather high angles (fig. 5),
but some layers are horizontally bedded. In the western
and central parts of the area most of the beds are buff
to reddish buff, but some are salmon red; in and east
of Unaweep Canyon the entire formation is red and
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TaBLE 4.—Mineralogical composition and physical and hydrological properties of principal artesian aguifers

X-ray
determina-
tions of
approximate Particle size (size in millimeters; Laboratory
Mineralogical composition percent by weight) 3 coefficient of
composition, in of clay permeability
percent by grains | fraction, in - (gpd per
or voids ! percent 2 T sq ft)4
% . Position E
g Formation within Location Mixed Sand sizes Silt {Clay| §
3 formation layer size | size |
. =
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1 | Entrada Sandstone | About 4 ft About 0.2 mi northwestof | 60 | 10 { 30 | (8) { 30 | 15 | 55 |.____. 1.8(60.4 (2.2 56| 3.0|29.8| 22 13
Moab Member. below top. Coke Oven Overlook.?
2| do.__ ... ... Ab%gt5 lf)t _____ 0 - e 55 (20 [ 23| 2|60 |15 |25 |-ceee 3.2|50.2|338| 93| 3.5|23.8 6 1
above base,
3 | Entrada Sandstone | About 55 ft About 0.4 mi south of | 50 |20 [30 [ (®) | 20| 40 (40 |..__.. 12.4 | 50.6 [ 15.0 | 8.5 4.5 26.4 4
ts;g;:k Rock Mem- above base. Grand View Overlook.’
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1 From microscopic studies of thin sections by H. A. Tourtelot.
2 By V. J. Janzer.
i %y %V jI{I.gLolinman.
y R. A. Speirer and M. L. Millgate.
5 Colorado Ng%ioual Monument, 8

appears to contain more silt. Some of the buff beds
are stained reddish by wash from the overlying Kayenta
Formation. Many of the older sheer cliff faces are
streaked or coated with blue-black desert varnish—a
feature that assists in distinguishing the Wingate from
the Entrada Sandstone in and east of North East
Creek valley, where the intervening Kayenta Formation
is absent, and particularly along the gorge of the Gun-
nison River, in the southeast corner of the area, where
the two sandstones form a single sheer cliff (fig. 6).

The character and appearance of the outcrops of
the Wingate Sandstone vary with a variety of climatic
and geologic factors, most of which are taken up in a
later section (p. 76, 77). At lower altitudes where
it is capped by the very resistant lower sandstone lenses
of the overlying Kayenta Formation, as in and near
the Colorado National Monument, the Wingate forms
spectacular, generally sheer cliffs and monoliths (figs. 2,
10, 30, 34). Where this protective capping has been
removed, however, the Wingate is eroded rapidly and
locally assumes rounded forms much like those of the
Navajo Sandstone in areas to the southwest, as il-
lustrated by the Coke Ovens shown in figure 7 and by
several of the erosion forms shown in figures 2 and 9.
Figure 6 also shows that the cliffs of Wingate Sand-
stone locally are jointed (p. 90), whereas those of the
Entrada Sandstone generally are not. At higher alti-

6 Generally less than 1 percent.

7 Includes 1 percent chert.

8 Includes 2 percent chert.

9 Indeterminate, but believed to be very small,

tude and along northward facing outcrops at low alti-
tude, the outcrops are less abrupt and in places form
a series of gentle steps and benches, some of which
are accessible by foot. Many arches or alcoves (fig. 7)
and a few caves have formed in the basal part of the
Wingate in places where the incompetent underlying
Chinle Formation has been undercut by erosion.
Several of these caves were occupied by prehistoric
peoples (p. 79) and one was used for human occupancy
until 1958 (fig. 8 and p. 79). Although natural bridges
are relatively rare in the Wingate, a small one (fig. 9)
was observed just a few miles west of the cave shown
in figure 8.

The Wingate Sandstone is well exposed in all the
deep canyons in and near the Colorado National Monu-
ment, in Glade Park at the southwest corner of the
area, in canyons south of the Ladder Creek monocline
and Bangs Canyon fault, in North East and East
Creek (Unaweep) canyons, and along the canyons of
the Gunnison River and its larger tributaries in the
southeast corner of the area.

The Wingate Sandstone generally ranges from about
315 to nearly 370 feet thick in the western and central
parts of the area, but thins southeastward to 270 feet
in Unaweep Canyon and to about 215 feet along the
Gunnison River in sec. 2, T. 14 S., R. 99 W. Some of
the thicknesses within this range were measured by
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The Kayenta Formation is typically a bench-former
between cliffs of the Wingate Sandstone below and the
Entrada Sandstone above (figs. 2, 7), but in some parts
of the Colorado National Monument, where the bench
is absent, the three formations form a single cliff (fig.
10). Most of scenic Rim Rock Drive in the monument
is on a bench of the Kayenta, from which may be seen
spectacular views of the canyons below. Because of
its bench-forming character, the Kayenta generally
crops out over greater areas than the thicker cliff-
forming sandstone formations above and below, and
covers many broad intercanyon mesas in and near
Colorado National Monument, in Glade Park, and in
East Park.

The Kayenta Formation has a greater range in thick-
ness than any other formation in the Grand Junction
area. Holmes found it to be 127 feet thick north of
sec. 18, T. 11 S., R. 102 W., about 2 miles west of the
arca (see Black Ridge section at end of this report).
The Kayenta ranges from about 60 to more than 80
feet thick in the western and central parts of the
Colorado National Monument, but thins southeastward
to 47 feet on the east side of No Thoroughfare Canyon
in the NW¥ sec. 32, T. 1 S,, R. 1 W, Ute P.M,, to 16
feet along Ladder Canyon in the NWY sec. 30, T. 12
S., R. 100 W., becomes still thinner at the east end of
East Park, and is absent entirely in and east of North
East Creek canyon, where the Entrada Sandstone rests
directly on the Wingate Sandstone (fig. 6). The south-
easternmost featheredge of the Kayenta, therefore, is
concealed somewhere within the 3-mile interval be-
tween the outcrop of the Kayenta at the east end of
East Park and the outcrops of the Wingate and Entrada
Sandstones in North East Creek canyon. The Kayenta
also is absent on the southwestern flank of the
Uncompahgre Plateau east of the SE cor. sec. 35, T.
15 8., R. 102 W, about 18 miles to the south-southwest
from the featheredge indicated above (Cater, 1955).

The section that follows is not typical of the Kayenta
in that the formation is thinner and not as conglomer-
atic as it is farther west, but it will serve to illustrate
some details of the lithology.

Section of Kayenta Formation and Entrada Sandstone along peren-
nial tributary of No Thoroughfare Canyon above large cotion-
woods, in NW4 sec. 32, T. 1 8., R. 1 W., Ute P.M.

[Measured by S. W. Lohman and W. H. Lohman, Aug. 22, 1949]

Thickness

Jurassic: (feet)

Summerville Formation (incomplete):
Siltstone, red.
Entrada Sandstone:
Moab Member:
Sandstone, buff to white, evenly to poorly
bedded; some thin layers stained yellow
by iron oxide; thin bedded and greenish
white near top.._. .. _________________ 50

35

Section of Kayenta Formation and Entrada Sandstone along peren-
nial tributary of No Thoroughfare Canyon above large cotton-
woods, in NWY4 sec. 32, T. 1 8., R. 1 W., Ute P.M.—Con.

Jurassic—Continued
Entrada Sandstone—Continued
Slick Rock Member:
Sandstone, fine-grained, salmon-colored,
hard, fairly evenly bedded; some grains
of coarse sand scattered and in thin layers. 22
Sandstone, similar to bed above but softer. 40

Thickness
(feet)

Total Slick Rock Member._________._____ 62
Total Entrada________________________
Triassic(?):
Kayenta Formation:

Sandstone, medium-grained, gray, hard_________ 3.0
Sandstone, conglomeratic, greenish, hard; peb-
bles of green and red shale___________._______ 1.0
Siltsone and shale, red, largely concealed__.____ 45
Sandstone, fine- to medium-grained, gray, thin-
bedded; some yellow specks of iron oxide;
some pebbles of siltstone }4-% in. in diameter. 2.0
Sandstone, fine- to medium-grained, buff to gray,
hard, lenticular; in beds of varying thickness
with thin shale partings between_.__.________ 36
Total Kayenta (rounded) .- __._.________ 47
Triassic:
Wingate Sandstone.
Conditions of deposition.—Geologists who have

worked with the Kayenta Formation seem to be in
general agreement that it comprises fluvial deposits
laid down during a short wet interval between longer
and possibly drier intervals of dominantly dune for-
mation (Wingate and Navajo Sandstones). In and
near the Grand Junction area the Kayenta thins to
extinction eastward toward the old Uncompahgre
highland; this thinning suggests the highland as a
general source area for the streams and the transported
material. Detailed studies of current cross-stratifica-
tion by F. G. Poole (oral communication, July 27, 1960)
showed that throughout most of the Colorado Plateau
the streams that deposited the Kayenta flowed in a
southwesterly direction. Near Red Canyon Overlook,
in the Colorado National Monument, a local north-
westerly direction of flow (N. 78° W.) was indicated
from Poole’s studies, but this direction also is away
from the old landmass.

A continental origin for the Kayenta Formation is
indicated also by the fossils found to date, information
on which is given immediately below.

Age and correlation.—Opinions as to the age of the
Kayenta Formation (table 3) have fluctuated much like
those concerning the age of the Wingate Sandstone, and
much of what is given on pages 30, 31 applies also to the
Kayenta and need not be repeated here. Most earlier
workers considered the Kayenta to be of Triassic age,
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until Gregory (1917, p. 55, 56) assigned to it a Jurassic
age, in part because of his miscorrelation of the Wingate
Sandstone and his “Todilto Formation” [Kayenta
Formation] with the lower and middle members, respec-
tively, of the La Plata Sandstone of Cross, and perhaps
in part because of the supposed unconformity at the
base of the Wingate. Strata in the San Rafael Swell
now known to belong to the Kayenta Formation were
assigned to the Jurassic(?) by Gilluly and Reeside
(1928, p. 72, 73), but with the statement that ‘“The
Glen Canyon Group may be Jurassic or Triassic ***”’
and this age assignment to the Jurassic(?) remained
unchanged for many years. (See Harshbarger, Repen-
ning, and Irwin, 1957, p. 25-31.)

No fossils have been found in the Kayenta Formation
in or near the Grand Junction area, but the vertebrates
Protosuchus and a new genus of tritylodont have been
found from 10 to 8 feet below the top of the formation
at the type locality near Kayenta, Ariz. (G. E. Lewis,
written communication, July 25, 1960). In July 1960
a group of U.S. Geological Survey geologists ® familiar
with the Glen Canyon Group of the Colorado Plateau
met at Denver to consider the age of the Kayenta and
associated formations on the basis of the age indicated
by these and other fossils and on stratigraphic relation-
ships in the type area and in other parts of the Plateau.
The group unanimously recommended that (written
communication to George V. Cohee, Chairman, Geologic
Names Committee, U.S. Geological Survey, July 28,
1960):

1. The Kayenta Formation be assigned to the Triassic(?)
because of its content of Triassic(?) fossils and its partial equiv-
alence to the Triassic(?) Moenave Formation.

2. The Navajo Sandstone be assigned to the Jurassic and

Triassic(?) because it intertongues with the Jurassic Carmel
Formation above and the Triassic(?) Kayenta Formation below.

Their recommendations also stated:

*** We probably would have suggested reassignment of the
Kayenta and Moenave Formations and, hence, also of the lower
part of the Navajo Sandstone, to the Triassic without query,
except for the facts that:

1. There are still some differences of opinion regarding the
age of some of the fossils involved.

2. The Kayenta is unfossiliferous in most areas and its syn-
chroneity over the entire Colorado Plateau is not certain.

The recommendations were approved by the Geo-
logic Names Committee on September 28, 1960, hence
the age of the Kayenta Formation is now considered
by the U.S. Geological Survey to be Triassic(?). The
paleontologic and stratigraphic evidence supporting
the changes in age assighments has been presented by
Lewis, Irwin, and Wilson (1961).

8 F. W. Cater, Jr., L. C, Craig, J. H. Irwin, G. E. Lewis, 3. W. Lohman, E. D.
McKee, F. G. Poole, J. D. Strobell, Jr., R. F. Wilson, and J. C. Wright.
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Water supply—The Kayenta Formation is not
considered to be an aquifer, but neither is it thought of
as completely separating, hydraulically, the two
principal artesian aquifers—the Wingate and Entrada
Sandstones. Although the Kayenta is largely sand-
stone, the sandstone is highly lenticular and well
cemented and doubtless has a very low permeability,
particularly in the direction normal to the bedding.
Moreover, the sandstone beds are separated by or
interbedded with lenses of siltstone of probably even
lower permeability.

East of the featheredge of the Kayenta Formation
between the southeast end of East Park and North
East Creek, the absence of the Kayenta allows the
Wingate and Entrada Sandstones to come in contact
and form a single artesian aquifer (fig. 6). No wells
have been drilled downdip from recharge areas of this
combined aquifer, however, so the effect of this com-
bination on the yield of wells is not known. Pre-
sumably the yield would depend in large part on the
aggregate thickness of the two aquifers penetrated, as
it does in wells where the Kayenta is present.

The flow from an opening at or near the base of the
Kayenta in well 19 probably comes from the under-
lying Wingate Sandstone (p. 32).

JURASSIC SYSTEM
SAN RAFAEL GROUP

The San Rafael Group was named by Gilluly and
Reeside (1928, p. 73) to include, from oldest to youngest,
the Carmel, Entrada, Curtis, and Summerville Forma-
tions, from their excellent exposures in the San Rafael
Swell, Utah. In the San Juan Mountain region, beds
equivalent to the Summerville generally are included
in the Wanakah Formation.

Later the Bluff Sandstone of the Four Corners
region and the equivalent Junction Creek Sandstone
of the San Juan region (Goldman and Spencer, 1941,
p. 1759) were assigned to the San Rafael Group by
Craig and others (1955, p. 133, 134), and the Todilto
Formation also was assigned to the San Rafael Group
(Harshbarger, Repenning, and Irwin, 1957, p. 38).

In the Grand Junction area the San Rafael Group
is represented only by the Entrada Sandstone and the
Summerville Formation, but the Moab Member of
the Entrada at least in part probably is a time equiva-
lent of the Curtis Formation (p. 45, 46).

EROSIONAL UNCONFORMITY AT THE BASE
OF THE ENTRADA SANDSTONE

An erosional unconformity at the base of the Entrada
Sandstone marks the absence from the Grand Junction
area of parts of the Glen Canyon and San Rafael
Groups (table 3), including much of the Entrada
Sandstone, all the Carmel Formation and Navajo
Sandstone, most of the Kayenta Formation west of





















JURASSIC SYSTEM

series of steps or benches (fig. 16), some of which are
overhanging, except locally where the entire unit
may form a single cliff or ledge. Most of the strata
are evenly bedded, but some exhibit low-angle cross-
bedding and some of the uppermost beds have ripple
marks whose crests are 1 to 1} inches apart. In some
places, where the overlying Summerville Formation
has weathered back, the exposed upper surface of
the Moab Member forms a flat, smooth, hard sur-
face resembling concrete pavement. The largest ex-
posures of this type seen in the area are on the dip
slope just east of No Thoroughfare Canyon, mainly
in sec. 13, T. 12 S., R. 101 W.

Table 4 indicates that the two samples from the
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Moab Member are dominantly fine-grained sand
having median grain diameters of 0.13 and 0.137 mm
(fig. 17), but that they also contain considerable very
fine grained sand and small amounts of medium-
grained sand, silt, and clay. The Trask sorting co-
efficients of these samples, which are lower than for
any of the other samples analyzed, indicate well-
sorted material, slightly better sorted than the samples
of the Slick Rock Member or Wingate Sandstone.

As do the samples of the Slick Rock Member and
the Wingate Sandstone, the two samples of sand-
stone from the Moab Member consist largely of quartz
grains but contain 10 and 20 percent feldspar, re-
spectively. The samples had higher porosity, lower
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content of cement, and higher permeability than
most of the other samples tested. Sample 2 had
the highest percentage of kaolinite of any of the
samples tested.

On the basis of microscopic examination of slides
of the two samples from the Moab Member, H. A.
Tourtelot (written communication, July 14, 1960) stated:

Sample 1.—The matrix of this rock is very patchy in its distri-
bution but grains of quartz and feldspar in contact are not much
intersutured. Sand grains range from subangular to sub-
rounded in cross section. Some of the feldspar grains are much
altered and now consist mostly of kaolinite and sericite. The
altered material in some of these grains is indistinguishable
from the matrix and may represent in-place alteration. Other
grains appear to have been deposited in an altered condition.
Red iron oxide is concentrated in the matrix, and in some of the
paler patches are the tiny grains resembling siderite.

Sample 2.—The visual impression made by this rock is quite
different from the others. The sorting seems much poorer and
the grains and matrix are more evenly mixed. The feldspar
grains are prominently tabular in cross section and show little
sign of alteration. The quartz grains are very clear and there is
no suturing where the grains are in contact. The matrix clay
seems to be almost entirely kaolinite. Red iron oxide is in
patches in the matrix and mostly associated with calcite. Some
of the tiny grains resembling siderite also are present. A few of
the quartz and feldspar grains are bordered by a highly bire-
fringent rim.

The Entrada Sandstone varies widely in thickness in
the Grand Junction area, as it does throughout Colorado
and Utah. It is 265-844 feet thick in the San Rafael
Swell, the type area (Gilluly, 1929, p. 103), it thins
eastward and is absent at the Black Canyon of the
Gunnison, but it is present in central and eastern
Colorado. Dane (1935, p. 98) found the Entrada to
be 300 feet thick at the north end of Salt Valley and
295 feet thick near Dewey, both in Grand County,
Utah, but to these thicknesses must be added the
thickness of the Dewey Bridge Member of the Entrada,
then regarded by Dane as the Carmel Formation (J.
C. Wright, written communication, July 21, 1960),
which would make a total thickness of the Entrada of
about 470 feet in Salt Valley and 315 feet near Dewey.
In the Grand Junction area the Entrada is from 100 to
200 feet thick in the western part but diminishes to
about 60 feet along the Gunnison River Canyon in the
southeast corner of the area. In general, the Moab
Member makes up {rom one-third to one-half the total
thickness.

The measured section that follows is typical of the
Entrada Sandstone in the western half of the Grand
Junction area. (See also measured sections at the end
of this report.)

Section of Entrada Sandstone west of Fruita Canyon in SEY; sec.
30, T.1N,R.2W., Ute P.M.

{Measured by S. W. Lohman and W. H. Lohman, Aug. 18, 1949]
Thickness
Jurassic: (feet)
Summerville Formation (incomplete):
Siltstone and sandstone, red ; base poorly exposed.
Entrada Sandstone:
Moab Member:

Sandstone, medium- to fine-grained, buff to
white; generally hard, but harder and
softer beds alternate and weather to
series of benches or steps except locally
where entire interval may form single
cliff or ledge; mainly evenly bedded in
beds 1 to several feet thick, but some beds
show low-angle crossbedding; top beds
regularly ripple marked, 1-1% in. between

Sandstone, medium-grained, white to light-
gray, friable; some bands stained light tan
by iron oxide; forms recess below cliff . _ _

Total Moab Member________________

Slick Rock Member:
Sandstone, medium-grained, pink, hard,
evenly bedded; forms slight ledge___.___
Sandstone, medium-grained, pink, friable,
evenly bedded; forms bench 10-15 ft
i 3.6
Sandstone, medium-grained, salmon-colored,
friable, evenly bedded; speckled with
small white pellets of altered feldspar and
few specks of biotite; forms several
benches 1-4 ft thick separated by thin
layers of soft sandstone________________
Sandstone, medium-grained, pinkish-salmon,
friable, evenly bedded; forms recess in

Sandstone, medium- to fine-grained, salmon-
colored streaked with light gray and buff,
evenly bedded; harder and softer layers
weather to alternating iron-stained ridges
and reddish recesses on cliffs or slopes.-_

Sandstone, fine- to medium-grained, pink
to salmon-colored to light-red, hard, cross-
bedded; some light-gray streaks 10-12 in.
wide; well-rounded quartz grains of
coarse-grained sand to fine-grained gravel
sizes (‘‘Entrada berries’’) scattered and
in layers -} in. thick, generally iron
stained; steep-angle crossbedding extend-
ing 5 ft stratigraphically; base locally
channeled into Kayenta Formation_____

10. 6

Triassie(?):
Kayenta Formation.

1 In an independently measured section about 1,800 feet east of this one, J. C.
Wright and D. D. Dickey (written communication, 1960) measured only 69 feet of
the Slick Rock Member. It is not known whether this variance is natural or is due
to an undiscovered error in measuring one of the sections.
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Conditions of deposition.—The high-angle cross strati-
fication of most of the beds and the level bedding in
others suggest that the Entrada Sandstone in this area
is largely of eolian origin but is in part water-laid; a
similar origin for the Entrada in Utah has been indicated
(Gilluly and Reeside, 1928, p. 78; Stokes and Holmes,
1954, p. 37). The level-bedded Moab Member seems
to be entirely water-laid in this area, water-laid in parts
of Grand County, Utah (Dane, 1935, p. 102), and
eolian at the type area near Moab, Utah (Baker, 1933,
p. 49; Wright and Dickey, 1958, p. 179).

The statement quoted from H. A. Tourtelot on p. 29
and the comments that follow apply toboth the Wingate
and Entrada Sandstones and suggest that the Entrada
also probably was derived in one or more stages from
the old Uncompahgre highland to the east of the area.
This proposal is in agreement with detailed studies of
cross stratification of the eolian parts of the Entrada
Sandstone in and near the Grand Junction area by
F. G. Poole (oral communication, July 20, 1960), who
found dips of cross strata of 16° to 17° and determined
wind directions of S. 59° W. near the Coke Ovens and
S. 74° W. at Red Canyon, both in the Colorado
~ National Monument, but he found the wind direction
to be N. 57° W. in Cactus Park, in the southwestern
part of the area. This direction may have been only a
local anomaly, however, for Poole found the direction
to be S. 36° W. along Escalante Creek farther south in
secs. 29-32, T. 15 S., R. 97 W,, and southwesterly or
southeasterly in most other parts of the Colorado
Plateau.

Gilluly and Reeside (1928, p. 78) thought that the
even bedding and continuity of single siltstone zones
of the Entrada Sandstone in the western part of the
San Rafael Swell suggested a marine origin, even though
no fossils had been found. In the Grand Junction
area the eolian and water-laid beds of the Slick Rock
Member may include beds laid down along the mar-
gin or quite close to the sea under deltaic or littoral
conditions (Wright and Dickey, 1958, p. 174). The
eolian Moab Tongue of the type area may represent
dunes just east of the Curtis sea, and the water-laid
Moab Member in Grand County, Utah, and in the
Grand Junction area may represent beach deposits
laid down along the margin of the sea. Wright (1959,
p. 64) indicated a generally northward to northwest-
ward trend for the streams that brought in the material
for these deposits, and in the Grand Junction area the
trend seems to be northwestward or westwuard.

Age and correlation.—No fossils have been reported
from the Entrada Sandstone except dinosaur footprints
in the Moab Member near Moab, Utah (Baker, Dane,
and Reeside, 1936, p. 8), but at the type locality in the
San Rafael Swell the Entrada is well dated as Late

45

Jurassic by its position between the fossiliferous Middle
and Upper Jurassic Carmel Formation below and the
Upper Jurassic Curtis Formation above (Gilluly and
Reeside, 1928, p. 78).

The Entrada Sandstone was called the upper part of
the La Plata Sandstone by Cross (1907, p. 644, 645)
and Coffin (1921, p. 61, 62), and was believed by then
to be correlative with part of the Flaming Gorge Group
of Powell (Gilluly and Reeside, 1928, p. 78) and with
part of the Sundance Formation. It was formerly
considered correlative with part of the Nugget Sand-
stone, Twin Creek Formation, and Beckwith Formation
(Baker, Dane, and Reeside, 1936, p. 7). It is called
Entrada in central Colorado, in most of eastern
Colorado and northern New Mexico, and on both sides
of the Uinta Mountains, but has been called the Exeter
Sandstone in northeastern New Mexico and the
Panhandle of Oklahoma (Lee, 1902, p. 45-46), the
Ocate Sandstone locally in north-central New Mexico
(Bachman, 1953), and the Garo Sandstone in South
Park, Colo. (Stark and others, 1949, p. 47). The name
Exeter is no longer used in northeastern New Mexico,
and the name Ocate has been abandoned.

The Slick Rock Member of the Entrada Sandstone
in and near the Grand Junction area and the Dewey
Bridge Member in nearby parts of Utah probably are
correlative with the upper sandy member and medial
silty member, respectively, of the Entrada in the
Navajo Country of Arizona (Harshbarger, Repenning,
and Irwin, 1957, p. 35-37). Near Green River, Utah,
the nonmarine beds of the Dewey Bridge Member are
abruptly transitional into the marine beds of the
Carmel Formation (Wright, Shawe, and Lohman, 1963).

McKnight (1940, fig. 3, p. 90, 94-98) traced the Moab
Tongue of the Entrada Sandstone across the area
between the Colorado and Green Rivers, in eastern
Utah, and found that it thins northwestward and
ultimately disappears, that a thin red shale parting
at the base of the Moab Tongue thickens northwest-
ward at the expense of the Moab Tongue and becomes
typical of the overlying Summerville Formation, that
northwest of the featheredge of the Moab Tongue the
Summerville Formation extends down to the massive
Slick Rock Member of the Entrada, and that still
farther northwestward the lower part of the Summer-
ville grades laterally into the Curtis Formation on the
west. Later work by J. C. Wright and D. D. Dickey
(oral communication, Aug. 16, 1960; Wright, Shawe,
and Lohman, 1963) has verified this relationship.
Moreover, I have carefully compared the sandstone
of the Curtis Formation at the type locality in the
San Rafael Swell in Utah and elsewhere with that of
the Moab Member in and near the Grand Junction
area and, except for the presence of glauconite in the
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Curtis and lack of this mineral in the Moab, have been
impressed with the great similarily of their lithologic
character, topographic expression, and general appear-
ance. Accordingly, it seems highly probable that the
Moab is of the same age as the Curtis.

Water supply—The Entrada Sandstone is the most
widely used and probably the most productive artesian
aquifer in the Grand Junction area. According to the
logs and casing records available, of the 48 wells listed
in table 7, 25 obtain water solely from the Entrada, 10
obtain water from the Entrada and Wingate Sand-
stones, 1 obtains water from the Entrada and Morrison
Formations, 1 from the Entrada, Wingate, and Morri-
son Formations, and 1 from the Entrada, Kayenta,
and Wingate Formations.

The relatively impermeable overlying Summerville
and Morrison Formations form confining beds or
“aquitards” ® that effectively keep the artesian water
in the Entrada and underlying aquifers under con-
siderable pressure and probably permit only very slow
upward leakage. As noted on page 36, it is doubtful
if the underlying Kayenta completely separates hy-
draulically the Entrada and Wingate Sandstones any-
where in the area, and in and east of East Creek Canyon,
where the Kayenta is absent, the two sandstones form
a single artesian aquifer.

The average values of the coefficients of transmissi-
bility and storage of the Entrada Sandstone obtained
from flow tests (table 6) on five wells were 150 gpd
per ft (gallons per day per foot) and 5X 1073, respec-
tively. On this basis alone, the Entrada and other
aquifers would be regarded as very poor aquifers, but
in the arid Grand Junction area, which is practically
devoid of any usable shallow ground water, wells
tapping such aquifers are highly valued. Table 4
indicates that, on the basis of scanty sampling and
testing, the Moab Member is considerably more
permeable than the Slick Rock Member, and this fact
is borne out by the experiences of well drillers in the
area.

When first drilled and tested. several of the wells in
the Entrada had static artesian heads of as much as
150 feet above land surface, and well 1 had a head of
169.5 feet. The heads of individual wells vary widely
because of differences in surface altitude, transmissi-
bility of the aquifer, depth of pentration of the aquifer,
and interference from nearby wells.

Because of such high artesian heads, all wells in the
Entrada except a few close to the outcrop flowed at
the surface when first drilled. Most of the wells still

¢ Confining beds formerly were commonly called “aquicludes,” which imply
impermeability. Because no rocks are regarded as wholly impermeable, however,
the term ‘‘aquitard,”” meaning materials retarding leakage of water, was suggested
by John G. Ferris (written communication to Chief, Ground Water Branch, Feb.
15, 1952), and seems more appropriate.
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flow or flow when not pumped, but a few wells have
stopped flowing at the surface and have to be pumped.
The reasons for the decline in head and, hence, in
yield are discussed on page 113.

Despite such high initial artesian heads, the wells
in the Entrada flow or flowed at rather small rates
because of the low transmissibility of the formation.
The original flows ranged from less than 10 to as much
as 30 gpm and the drawdowns in head to as much as 150
feet. For example, in 1947, well 5 flowed 23 gpm with
a drawdown of 149 feet, which indicates a specific
capacity of only 0.15 gpm per foot of drawdown. In
contrast, many irrigation wells in alluvium in other
areas have specific capacities of more than 100 gpm
per ft. To increase the yield, many wells in the Entrada
are now equipped with pumps that yield 15-30 gpm, and
a few are pumped intermittently at reported rates as
high as 50 gpm.

As indicated in table 8, analyses of the 16 samples
of water from the Entrada Sandstone indicate generally
soft sodium bicarbonate water of good quality for
domestic use and most other uses. In common with all
the water analyzed, that from the Entrada has under-
gone softening by natural base exchange and become
increasingly soft at increased distances from the re-
charge areas (p. 117, 118; fig. 46). The water from a few
wells in the Entrada contains small amounts of H,S
(hydrogen sulfide) gas, which has a slightly unpleasant
taste and odor to most people, but otherwise does not
impair the usefulness of the water. The abnormally
high content of sodium chloride (common salt) in the
sample from well 1 is discussed on page 21.

CONTACT BETWEEN ENTRADA SANDSTONE AND
SUMMERVILLE FORMATION

The contact between the generally bare, smooth
pavement at the top of the Moab Member of the
Entrada Sandstone and the generally reddish siltstone
at the base of the Summerville Formation is one of the
sharpest in the area, viewed either from the ground or
on aerial photographs. It appears to be entirely
conformable, as does the Summerville-Curtis contact in
the San Rafael Swell (Gilluly and Reeside, 1928, p. 80).

SUMMERVILLE FORMATION

Definition.—The Summerville Formation was named
by Gilluly and Reeside (1928, p.80) ““***from its excellent
exposures on Summerville Point, just southeast of the
head of Summerville Wash, in the north end of the
[San Rafael] Swell.”

Character, distribution, and thickness.—The thin-
bedded Summerville Formation consists mainly of
alternating beds of siltstone and sandstone, but it
also contains beds of shale and mudstone and, near
the top, generally at least one bed or lens of limestone.
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The beds of siltstone range in thickness from a few
tenths of a foot to 3 or 4 feet and are gray, blue gray,
greenish gray, chocolate brown, reddish brown, and
red. The mudstone associated with the siltstone is
similar in color but generally breaks with conchoidal
fractures. Some of the siltstone beds contain small
concretions of greenish sandstone; others contain con-
cretions of dove-gray limestone as large as 4 inches in
diameter. The beds of shale are fissile, occur as thin
partings in the siltstone or as separate beds, and gen-
erally are purple, red, or greenish-gray.

Most of the sandstone interbeds are less than a foot
thick, but some are 3 or 4 feet thick. These beds are
fine- to medium-grained, very hard, and maintain re-
markably uniform character and thickness for hundreds
of feet, in sharp contrast to the highly lenticular sand-
stone in the overlying Salt Wash Member of the Morri-
son Formation. Most of the sandstone beds are gray
to yellow, but a few are greenish-gray or reddish-gray;
some contain scattered small grains of black chert,
and small grains of rose quartz were observed im one
bed. Some beds of sandstone contain flattened pebbles
of shale, most of which weather out on outcrops leaving
holes that resemble fossil casts. Some beds of sand-
stone in the lower part are ripple marked, much like
those in the underlymg Moab Member of the Entrada
Sandstone.

Generally the lowermost 10-20 feet of the Summer-
ville Formation is red or reddish, a fact that has
assisted well drillers in the area by alerting them that
the main artesian aquifer—the Entrada Sandstone, is
not far below. (See well logs at the end of this report.)

The Summerville Formation in the Grand Junction
area resembles only slightly that of the type locality
in the San Rafael Swell because of gradational changes.
In the Swell it is much thicker, is dominantly chocolate
brown, and contains gypsum and much less sandstone.

Although it is present throughout the area, the
Summerville Formation is the least well exposed of any
unit in the Grand Junction area. It is well exposed
only in two cuts along Rim Rock Drive in Colorado
National Monument; at and near Artists Point (fig. 18)
and along the west fork of Ute Canyon. Elsewhere the
Summerville forms a gentle to steep slope that is
largely or wholly covered by slumping of the Sum-
merville and the overlying Morrison Formation. For
this reason, and also because it is very thin, the Sum-
merville was not mapped separately and is included
with the Morrison on plate 1.

The Summerville Formation is 163 to 331 feet thick
in the San Rafael Swell (Gilluly and Reeside, 1928,
p. 80), but it thins eastward and is reported to be only
37 to 58 feet thick in parts of Grand County, Utah

(Dane, 1935, p. 103), and is 40 to 60 feet thick in the
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The section that follows is
(See

Grand Junction area.
fairly typical as to both thickness and lithology.
also measured sections at the end of this report.)

Section of Summerville Formation along Rim Rock Drive from
Artists Point southward, Colorado National Monument, in
SEY; sec. 19, T. 11 8., R. 102 W.

[Measured by S. W. Lohman and W. H. Lohman, Aug. 17, 1949]
Thickness
Jurassic: (feet)
Morrison Formation (incomplete):
Salt Wash Member (incomplete):

Sandstone, medium-grained, buff, massive,
iron-stained; pellets of shale in lower few
inches; exposed part___ . __________

Sandstone and siltstone, variegated purple,
buff, and green; thin layers of green and
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purple shale___________________._.___. 3.0
Limestone, gray_ - - - _____ .2
Siltstone, green grading upward into purple_ .7
Limestone, gray_ - .- ___ .3
Siltstone, green._ . __________________.__ .3
Limestone, gray - - - __________ .4
Siltstone, green..______________________._._ .5
Limestone, gray - ... .5
Siltstone, green____ _________________._.__ 1.1
Limestone, gray, hard; thickness irregular_. .5
Siltstone, greenish; scattered pebbles of

gray limestone %~1% in. in diameter.____. 2.5
Siltstone, purple, nodular_ . ______________ .4
Siltstone, greenish, nodular; some reddish

bands_ _ o o .. 3.0
Concealed interval; probably greenish silt-

stone and thin-bedded sandstone________ 23.1
Sandstone, medium-grained, buff, hard,

crossbedded; casts of shale pebbles near

base; fairly persistent but splits into sev-

eral beds laterally; where weathered, thin

laminae are finely ripple marked________ 5.5

Total Salt Wash Member measured

(rounded) - oo oo 52
Summerville Formation:

Siltstone and mudstone, blue-gray, reddish-

brown, and greenish-gray; mudstone breaks

with conchoidal fracture____________.____.__ 3.6
Sandstone, fine-grained, gray. .. _____________ .4
Siltstone, gray . - oo .3
Limestone, gray, hard, lenticular, irregularly

bedded; }s-inch green shale parting near top;

lenses out into shale 4 ft from section._._____ .4
Siltstone, alternating reddish-brown and green.. .9
Sandstone, fine-grained, gray, hard; black chert

pebbles in lower 6 in.; thin greenish shale

partings in upper part_______ . ____._____.__ 1.3
Shale, red and greenish-gray . _ . ________.____ .1
Sandstone, fine- to medium-grained, yellow to

gray, iron-speckled._ - _______ . _._.__ .5
Siltstone, chocolate-brown, alternating with yel-
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