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

By S. W. LOHMAN

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 canyons, and Grand 
Junction the largest city in western Colorado.

The highest part of the area, on the flank of Pinon 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 crops could not be grown successfully without irrigation, and 
the first irrigation system was begun 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 altithorax 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 Piceaace 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 (T) 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 outcrop samples. The average values of T and S for the En 
trada Sandstone are 150 gpd per ft (gallons per day per foot) and 
5X 10~5, respectively, and scanty data for the combined Entrada 
and Wingate Sandstones suggest values of about 300 gpd per ft 
and 10~4 . Field tests of wells tapping a sandstone lens in the 
Morrison Formation indicate T 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 outcrops, 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 
flowing 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 screens 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 calcium 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 calcium 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 Junction area is used 
for domestic purposes, either by the owner alone, by the owner 
and nearby homes connected 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 
area 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. Bureau 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 II 
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. It lies between lat 38°47K' and 39°12}£' N., 
and long 108°25' and 108°47K' 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 II 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 (Lohman, 1960b, 196la).

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 12 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 
Lohman, 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.

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

'    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 E. 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 Eiver Canyon was accessible only by a rail 
motor car rented from the Denver and Eio Grande- 
Western Eailroad 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 Eiver valley in the south 
eastern part of the area, were mapped photogeologically 
by Mr. Marshall and me, but most of the resulting map 
(pi. 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 Eiver 
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

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 
E. 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 Eobert M. Lohman. 
W. E. Smith also determined the altitudes of measuring 
points on some of the wells by plane table and alidade.
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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 Eiver 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 Eiver 
above the mouth of the Gunnison Eiver is called Or 
chard Mesa. A rolling and somewhat hilly area south 
of the Colorado Eiver and between the mouth of the 
Gunnison Eiver and Fruita is called the Eedlands.

When the Gunnison expedition traversed the area in 
1853, the present Gunnison Eiver was known by its 
Spanish name "Eio 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 Eiver and to what is now named the Colo 
rado Eiver above Grand Junction as the "Blue Eiver" 
or, as the Indians called it, the "Nah-un-kah-rea." 
The present Colorado Eiver above Grand Junction was 
known as the Grand Eiver 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 Eivers. The 
Green and Grand Eivers united in eastern Utah to 
become the Colorado Eiver. Sometime after the death 
of Captain Gunnison in the fall of 1853, the Eio Javier 
was named the Gunnison Eiver in his memory. The 
Grand Eiver was renamed Colorado Eiver 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] Eiver below Grand 
Junction, scale 1:31,680, contour interval 25 feet, was 
published by the U.S. Geological Survey (Herron, 1917, 
pis. 27-32). In 1942 a topographic map of the Colorado 
National Monument (pi. 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 Eeservoir site 
on the lower Gunnison Eiver, 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 Eiver 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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made from high altitude aerial photographs taken in 
1954 and 1955. If 7%-minute topographic quadrangle 
maps had been available for the Grand Junction area 
to serve as a base for plate 1, greater accuracy of the 
structure contours would have been possible, and the 
maps would have been very useful, in conjunction 
with the structure contours, in estimating the depths 
to the several artesian aquifers.

That part of the Uncompahgre Plateau northwest of 
Unaweep Canyon is known as Pinon Mesa; its highest 
altitude is 9,545 feet, just a few miles southwest of the 
mapped area. Pinon Mesa includes the Fruita Division 
of Grand Mesa National Forest. The highest part of 
the area shown on plate 1 is about 2 miles northwest of 
North East Creek, where several mesas have altitudes 
of more than 8,200 feet. From Pinon Mesa the area 
slopes northeastward generally at about 2° to 3°, but

in places the slope is 3 ° to 7 ° and along some of the folds 
the local dip of the rocks and slope of the land surface 
is as much as 80°. Much of this sloping surface, partic 
ularly in the southeastern part of the area, is on the 
Dakota Sandstone (pi. 1), but in other parts it is on 
older rocks. The Colorado River leaves the northwest 
corner of the area at an altitude of less than 4,430 feet, 
and the area as a whole has a relief of more than 3,700 
feet.

The northeastward-sloping surface is cut by a series 
of deep canyons that trend generally northeastward. 
Many of these canyons are more than 500 feet deep, 
and No Thoroughfare and North East Creek Canyons 
are 1,000 feet deep in places. Many of the canyon 
walls, particularly in the Colorado National Monument 
(fig. 2), are sheer cliffs of the Wingate Sandstone, but 
in some places even higher vertical or nearly vertical

FIGURE 2. Independence Monument, separating North and East Entrances of Monument Canyon, in Colorado National Monument. Looking north down North 
Entrance from Grand View Point; Colorado River, Grand Valley, and Book Cliffs in distance. Roan Cliffs are white cliffs at extreme distance on right skyline. 
pC, Precambrian schist, gneiss, and granite; ~fic,Chinle Formation; "fiw, Wingate Sandstone; "fik, Kayenta Formation; Jm, Morrison Formation. Note how thin capping 
of resistant sandstone of Kayenta Formation protects underlying Wingate Sandstone from erosion. Where this protective capping has been eroded away, as from 
the left part of Independence Monument and from the Pipe Organ at left, Wingate erodes to rounded domes and spires. Note also smooth exhumed erosion surface 
on top of Precambrian rocks and monocline in middle background. Top of Independence Monument is nearly 450 feet above floor of canyon. Infrared photograph.
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cliffs are formed by the Wingate and the overlying 
Kayenta Formation and Entrada Sandstone (fig. 10). 
Most of the canyons are box canyons accessible only 
by laboriously following the streams upward over 
rapids and waterfalls, but a few have trails that lead 
up to the adjacent mesas. The general configuration 
and trends of these canyons are well shown by the 
closely spaced geologic contacts on plate 1. Travel in 
directions at right angles to the trend generally is 
impossible, and some "peninsulas" between canyons 
can be reached only with great difficulty by long and 
circuitous routes.

Steep cliffs of Precambrian rocks occur in several 
places, notably along the Redlands fault and the 
Ladder Creek monocline.

The area is drained entirely by the Colorado River 
and its tributaries, including the Gunnison River. 
Most of the area is drained by tributaries that flow 
generally northeastward to these rivers, but the south 
west corner of the area is drained by tributaries of the 
Little Dolores River, which flows westward to join the 
Colorado River in eastern Utah. Except for the 
Colorado and Gunnison Rivers, most of the streams 
in the area are ephemeral and carry water only during 
or after heavy rains or during the melting of unusually 
heavy snow. North East Creek, in the southeastern 
part of the area, is perennial to within a short distance 
of its confluence with East Creek, and intermittent 
below. Diversions for irrigation cause the lower 
reaches to go dry for various periods of time. Drainage 
changes involving Unaweep Canyon and East Creek 
are discussed on pages 69-75, and the importance of the 
streams in recharging the artesian aquifers is discussed 
on pages 100, 101.

CLIMATE

The climate of the Grand Junction area is character 
ized by a high percentage of sunshine the year round, 
warm summers, mild winters having relatively little 
snowfall, and a high evaporation rate. The Gunnison 
River and Grand Valley have an arid climate and re 
ceive less than 10 inches of precipitation annually. 
The mesas surrounding these valleys receive greater 
precipitation at increasing altitude. Thus Pifton Mesa, 
the crest of the Uncompahgre Plateau southwest 
of the area, receives about 25 inches of precipitation 
annually, and slopes and mesas at lower altitudes 
receive between 10 and 25 inches. Grand Mesa, 
east of the area, receives more than 30 inches of pre 
cipitation, including very heavy winter snows, annually.

All climatic data presented in this report were 
compiled from records of the U.S. Weather Bureau. 
Weather data have been recorded at Grand Junction 
since 1892, at Fruita since 1904, and at the Colorado 
National Monument since 1941.

The mean annual temperature is 52.1°F at Grand 
Junction and 51.3°F at Fruita. The highest tem 
peratures occur in July, but the normal monthly tem 
perature is more than 60 °F from May through Sep 
tember. In the Grand Valley, temperatures of 32 °F 
or below may be expected as late as May 8 and as 
early as October 3; thus, on the average, 147 frost- 
free days may be expected during each growing sea 
son. According to Look (1951, p. 34, 35), the Palisade 
area at the head of the Grand Valley is especially 
free of frosts in the critical early spring because of 
what he termed a "gigantic air conditioning system," 
wherein night air descending into DeBeque Canyon 
is compressed and, hence, warmed before if spreads 
out over the Grand Valley to warm the fruit orchards. 
Knobel, Dandsdill, and Richardson (1955, p. 7) have 
also commented on this phenomenon.

The normal annual precipitation is 9.06 inches at 
Grand Junction and 8.31 inches at Fruita. The 
annual precipitation at the three Weather Bureau 
stations for the periods of record is shown in figure 3. 
The minimum annual precipitation of record was 3.64 
inches at Grand Junction in 1900 and 4.75 inches 
at Fruita in 1924. The maximum annual precipita 
tion of record was 17.46 inches at Grand Junction in 1941, 
18.08 inches at Fruita in 1957, and 24.59 inches at 
the Colorado National Monument, also in 1957. 
Grand Junction received 15.69 inches in 1957, the 
second wettest year at Grand Junction since records 
began in 1892. Precipitation for the 8 years 1911- 
18 was recorded at stations at an altitude of 6,500 
feet near Glade Park, in the southwestern part of the 
area. The minimum, average and maximum annual 
precipitation recorded here were 11.52, 13.63, and 
15.80 inches, respectively, as compared to 6.00, 
8.47, and 9.79 inches, respectively, during the same 
8-year period at Grand Junction; these figures show the 
increase in precipitation at higher altitude.

The precipitation is greatest during August and 
September. Much of the summer precipitation occurs 
in thunderstorms, which can start and end very rapidly 
and which may be either local or regional in extent. 
Because these storms generally are more severe in the 
higher parts of the area, the higher drainages, such as 
North East Creek and Bangs, Ladder, and No 
Thoroughfare Canyons, are apt to have large temporary 
flows while shorter streams may be dry. When one 
of the normally dry streams suddenly receives the runoff 
from a severe thunderstorm, the results are spectacular 
to see and hear. The red or brown water travels 
rapidly down the canyon in a wall several feet high and 
suddenly plunges over a high cliff into the head of a 
box canyon, landing with a roar on the rocks or in the 
plunge pool below.
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FIGURE 3. Annual precipitation at three stations in the Grand Junction area. A, Colorado National monument; B, Fruita; C, Grand Junction. From records of
the U.S. Weather Bureau.
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FLORA AND FAUNA 3

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 cotton wood (Populus fremontii var. wis- 
lizenii), tamarisk (Tamarix pentandra) and willow 
(Salix 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- 
myscus manidulatus esgoodi), kangaroo rat (Dipodomys 
ordii), and the Colorado cottontail (Sylvilagus auduboni 
warreni). 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 
red winged black bird (Agelaius phoeniceus), meadow 
lark (SturneUa neglecta), and ringnecked pheasant 
(Phasianus colchicus) prefer the irrigated parts, whereas 
the lark sparrow (Chondestes grammacus), Gambel's 
quail (Lophortyx gambelii), 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).

Cold-blooded vertebrates are represented in these 
valleys by several species of reptiles and amphibians. 
The Rocky Mountain toad (Bujo woodhousei wood- 
housei), wandering garter snake (Thamnophis elegans, 
vagrans), and the Utah milk snake (Lampropeltis doliata 
taylori) 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 piiion and juniper; 
it commonly includes mountain mahogany (Cercocarpus 
sp.), sagebrush (Artemisia sp.), serviceberry (Amelctn- 
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), pinon mouse 
(Peromyscus crinitus), canyon mouse (Peromyscus truei), 
porcupine (Erethizon dorsatum), Mexican woodrat 
(Neotoma mexicana), and the bushy-tailed woodrat 
(Neotuma cinerea). The rabbits include Nuttall's 
cottontail (Sylvilagus nuttallii) and the black-tailed 
jack rabbit (Lepus californicus).

The scrub jay (Aphelocoma coerulescens), pinon jay 
(Gymnorhinus cyanocephala), Oregon junco (Junco 
oreganus), Say's phoebe (Sayornis saya), golden- 
crowned kinglet (Regulus satrapa), and the chipping 
sparrow (Spizella 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.

Pinon Mesa. Harrington (1954) stated that the 
ponderosa pine-Douglas-fir association starts at an 
altitude of 8,500 feet, where it meets the pinon-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 Pinon 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 (Ochotonaprinceps), 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 Pinon 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 Pinon 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 dark's nutcracker (Nucifraga columbiana). Fish 
ing is not a major activity on Pinon Mesa, although 
the Fruita reservoirs contain rainbow trout (Salmo sp.) 
and cutthroat trout (Salmo sp.).

SETTLEMENT 4 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 Koubdeau 
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 Kiver 
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

* 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 Pinon 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 Pinon 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.

TABLE 1. Population of Grand Junction and of smaller places in
the Grand Junction area l

[From U.S. Bureau of Census]

Place

Appleton i... ......
Frulta.... .........
Glade Park 1. ......
Grand Junction ....

Population in year shown

1890

2,030

1900

3,503

1910

7,754

1920

8,665

1930

381 
10,247 

216

1940

1,466 
321 

12, 479 
263

1950

949 
1,463 

163 
14,504 

215

1960

1,830 
824 

18,694 
511

i Includes population of county precinct bearing same name as village, therfore 
includes some or mostly rural residents.

AGRICULTURE AND IRRIGATION-

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

8 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 Junc 
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

System

Grand Valley project (Bureau of Reclamation). 
Supplied by Grand Valley project:

Total

Method of 
irrigation

Gravity and pumping. 

Pumping and gravity-

Gravity and pumping.

Area 
under 
ditches 
(acres)

i 42, 416

3 10, 027 
3 5, 950 
32,400 

3 * 35, 000 
s 3, 800

« 99, 593

1 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 Prom Grand Valley Water Users Association.
4 Estimated.
5 From Follansbee (1929, p. 121).
' 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 Pinon 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 Pinon 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 Pinon 
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 6K 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 Loma 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 
handle the needs of travelers on transcontinental U.S. 
Highways 6 and 24, U.S. Highway 50, and several State 
highways.

COLORADO NATIONAL MONUMENT 6

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 pi. 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 
area 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 (pi. 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 (SEtf 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 
(SE# 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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tions in and near the Grand Junction area

1922 
(Campbell; Grand 

Junction area)

Upper Cretaceous

Jurassic and Cretaceous (?)

'

Mancos Shale

Dakota 
Sandstone

|"c3

S McElmo 
o Formation 
^ and 
g La Plata 
.2 Sandstone

O

White sandstone 
at top 
and 

brick-red 
massive 

sandstone 
below

1923 
(Prommel; Grand 

and San Juan 
Counties, Utah)

Cretaceous

o

1

1

Mancos Shale

"Dakota 
sandstone and 
conglomerate"

McElmo 
Formation

La Plata Group

Upper
Navajo

Middle
Navajo

Lower
Navajo

Todilto 
Formation

Wingate 
Sandstone

Chinle 
Formation

1925 
(Weeks; Gunnison 

River valley)

Cretaceous

Jurassic

Triassib

Mancos 
Shale 

Formation

"Dakota" 
Formation

McElmo 
Member

a

O

| La Plata 
§ Member

Upper part 
of 

Dolores 
Formation

1927 
(Baker and others; 

Moab region, Utah)

I

1 
O

a

Cretaceous (?)

Upper Jurassic

_o

a 'GO 
GO

Mancos Shale

Dakota(?) 
Sandstone

Morrison 
Formation

a 

O

i
QQ

Glen Canyon Group

Summerville 
Formation

East

\ Moab 
West \Tongue

Entrada 
Sandstone

Carmel 
Formation

Navajo 
Sandstone

Todilto(?) 
Formation

Wingate 
Sandstone

Chinle 
Formation

1934 
(Erdmann; Grand 

valley)

to

8 
O

9^ 

l|

8
O

Cretaceous (?)

& 

a

 sic Jurassic (?)

Mancos Shale

Dakota(?) 
Sandstone

Morrison 
Formation

Summerville 
Formation

Considered 
absent

Entrada 
Sandstone

Considered 
absent

Kayenta 
Formation 

and 
Wingate 

Sandstone

Chinle 
Formation

1936 
(Baker, Dane, and 
Reeside; Serpents 

Trail, Colo.)

Not considered

.2'GO
GO 

Ia,

C--

J3

2 

a-|

Morrison 
Formation

San Rafael Group

Glen Canyon Group

Considered 
absent

Entrada 
Sandstone

Considered 
absent

Kayenta 
Formation

Wingate 
Sandstone

Chinle 
Formation

1964 
(Lohman; Grand 
Junction area)

to

1
O 

1P< 

05 35

O

Jurassic | Upper Jurassic

Sr2

Upper Triassic(?)

Upper Triassic

Mancos Shale

Dakota Sandstone

Burro Canyon 
Formation

&E

a 

0

i
OQ

a

§
1 
O

1

Brushy Basin 
Member

Salt Wash 
Member

Summerville 
Formation

Entrada Sandstone Moab 
Member

Slick Rock 
Member

Absent

Absent

Kayenta 
Forma 

tion west
Absent 
east

Wingate 
Sandstone

Chinle 
Formation

721-906 O-65 3



20 GEOLOGY, ARTEiSHAN WATER SUPPLY, GRAND JUNCTION AREA, COLORADO

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 930 ±40 
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 geologists 
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

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 
(Levering, 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 
TBIASSIC BOOKS

LATE PRECAMBRIAN AND EARLY PALAEOZOIC 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 (Levering, 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 tunes 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 in 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 SE^NEK 
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^NE^ sec. 29, T. 
1 N., 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 Ked- 
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^SWX sec. 35, T. 2 S., K. 
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 
SWl,i sec. 32, T. 1 N., R. 2 W., Ute P.M.

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

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

Thickness

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

Thickness 
Triassic   Continued (/««*)

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 _ 22. 2

Siltstone, red, hard; fractures irregularly; joints
filled with calcite. Forms ledge. ___________ 1. 9

Siltstone, red, mostly covered ____-_____---___ 4. 9
Siltstone, red, hard; fractures irregularly; joints 

filled with calcite. Near top contains concre 
tions of green limestone. Forms ledge. _____ 4. 5

Siltstone, red, mostly covered. ______---______ 18. 3
Limestone, silty, hard, massive; fractures irreg 

ularly; reddish to purplish near base, green 
and red near top. Forms ledge. ___________ 4. 5

Siltstone, red; in irregular hard and soft layers
a few inches to 1 ft thick. _________________ 7. 1

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 Y*-% in. in diameter __ ____ 4. 0

Siltstone, red, partly concealed. Mostly soft
but contains a few hard layers____ __________ 20. 2

Limestone, hard, thinly laminated, pale green 
but stained red on exposure. Joints filled 
with calcite. Forms ledge_ ---------------- 1. 9

Siltstone, red; cemented with calcium carbonate. 7. 5
Covered interval, probably red siltstone. ______ 5. 6

Total Chinle (rounded)_____-_____-_-______ 103
Precambrian :

Granite, biotitic, dark, thoroughly fractured and 
deeply weathered.

Section of Chinle Formation along west side of No Thoroughfare
Canyon in NE}i sec. 31, T. 1 S., R. 1 W., Ute P.M.

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

Thickness 
Triassic: (feet)

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. _ 0. 6 
Sandstone, fine-grained, reddish-buff, hard; 

contains some concretions of shale in lower
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Section of Chinle Formation along west side of No Thoroughfare 
Canyon in NE}i sec. 31, T. 1 S., R. 1 W., Ute P.M. Con.

  . .   ,. , Thickness Triassic Continued ( ,ee<)
Chinle Formation Continued

Sandstone Continued
part. Resembles Wingate but is evenly 
bedded. Forms protruding layer under base 
of Wingate___________________________ 1. 5

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 }i-\ l/z in. in di 
ameter in matrix of red siltstone. Grades 
upward into siltstone containing limestone 
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 
ledge__________________________________ .6

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
of granite________________________________ . 5

Siltstone, red; base poorly exposed.___________ 7.7

Total Chinle (rounded)_________________ 81
Precambrian:

Granite, 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.

TBIASSIC SYSTEM 

UPPER TRIASSIC SERIES

CONTACT BETWEEN CHIN1E 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. Keexamination 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 
Button (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 field work, however, they (1947, 
p. 1666-1668) stated that the sandstone cliffs at 
Button'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."

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 7 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 patchy 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:

in which the quartiles are the diameters that correspond to frequencies of 25(0,) and 
75 (03) 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 
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

caused by the small content of montmorillonite and illite 
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 aquifers

 8a
a!

1

2

3

4

5

6

7

8

9

Formation

Entrada Sandstone
Moab Member.

   do.--.    ....

Entrada Sandstone
Slick Rock Mem
ber.

.... .do.... ........ ...

 ..do..  .........

  ..do..   ... .....

Wingate Sandstone..

  do        

  do     ....

Position 
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formation
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below top.

About 5 ft
above base.
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above base.
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above base.

About 15 ft
above base.

Near base.... ...

Near top ........

Near middle. ...

Just above base.

Location

About 0.2 mi northwest of
Coke Oven Overlooks

do

About 0.4 mi south of
Grand View Overlook."

About 0.3 mi south of
Grand View Overlooks

About 0.2 mi south of
Grand View Overlook. «

About 0.1 mi south of
Grand View Overlooks

SEMSEMsec. 2, T. 12 S., 
R. 101 W.
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.04

.4

.0007

1
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1 From microscopic studies of thin sections by H. A. Tourtelot.
a By V. J. Janzer.
3 By W. H. Lohman.
* By R. A. Speirer and M. L. Millgate.
s Colorado National Monument.

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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FIGURE 5. Crossbedding in the Wingate Sandstone. True dip shown by beds in left background. Looking north along old Serpents Trail, Colorado National Monu 
ment, in NEH sec. 31, T. 1 S., R. 1 W., Ute P.M.

telescopic alidade, others were measured on aerial 
photos using the Kelsh plotter.

The section that follows is typical of the Wingate 
Sandstone as to lithology but not as to total thickness 
(400 feet), which may be too large by 20 to 30 feet  
doubtless because of the difficulty in climbing and 
measuring the cliff section bed by bed. Additional 
sections of the Wingate are given at the end of this report.

Section of Wingate Sandstone along east side of No Thoroughfare
Canyon in NEl/i sec. 32, T. 1 S., R. 1 W., Ute P.M.

[Measured by S. W. Lohman and W. K. Lohman, Aug. 22,1956]

Thickness 
(feet)Triassic(?):

Kayenta Formation: 
Triassic:

Wingate Sandstone:
Sandstone, fine-grained, buff, hard, crossbedded. 

Last 15 ft estimated (could not climb to top of 
cliff) __________________________________ 161

Sandstone, fine-grained, salmon-red, cross- 
bedded______________________________ 11

Sandstone, fine-grained, buff but containing a 
few reddish streaks; crossbedded  __________ 34

Sandstone, fine-grained, salmon-red, hard, cross- 
bedded..________________________ 19

Section of Wingate Sandstone along east side of No Thoroughfare- 
Canyon in NE% sec. 32, T. 1 S., R. 1 W., Ute P.M. Con.

Triassic Continued Thickness 
Wingate Sandstone Continued (feet)

Sandstone, fine-grained, buff, hard, crossbedded- 30. 5
Sandstone, fine-grained, salmon-red, hard. Thin 

shale parting at top forms crevice, remainder 
forms ledge on cliff face. Upper part changes 
to buff laterally___________________ 39. 5

Sandstone, fine-grained, red, soft. Thin shale 
or silt partings at intervals of few inches. 
Forms crevice between two ledges   _______ 1

Sandstone, fine-grained, salmon-red, cross- 
bedded _________________-__---__-------_- 25

Sandstone, mainly fine-grained but including 
some medium grains and, at the base, a few 
coarse grains. Mainly buff but contains 
salmon-red streaks-_________________-_---- 79

Wingate (?) Sandstone:
Sandstone, fine-grained; contains thin red shale 

parting at top and lenses of red siltstone in 
lower part______-____-_-_----__-_------- 1-5

Total Wingate (rounded)______________ 400
Chinle Formation (incomplete):

Siltstone, red.
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FIGUKE 6. Contact between the Entrada Sandstone (J e) and the Wingate Sandstone Cfiw) near top of cliff in the Gunnison River valley, in the NW}4 sec. 1, T. 14 S. 
R. 99 W. Desert varnish on Wingate and absence of varnish on Entrada allows accurate placement of contact. Kayenta Formation is absent here.
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FIGURE 7. The Coke Ovens, in Colorado National Monument. Looking north from Rim Rock Drive near Artists Point across arm of Monument Canyon, "fie, Chinle 
Formation; iw, Wingate Sandstone; "Ek, Kayenta Formation; J e, Entrada Sandstone; J ms, Morrison and Summerville Formations. Note how general absence of 
protective cap of Kayenta Formation from monoliths of Wingate Sandstone in foreground has allowed erosion into rounded forms resembling beehive coke ovens. 
Note also formation of alcoves and arches in cliff beyond aided by removal of underlying Chinle Formation. Joints between Coke Ovens and in cliff beyond are in 
contrast to general absence of joints in Entrada Sandstone.

Conditions of deposition. The high-angle cross- 
stratification of some beds and the level-bedding in 
other units suggest that the Wingate Sandstone is 
in part of eolian origin and in part water-laid. The 
fact that the level-bedded units seems to be as well 
sorted as the eolian cross-stratified beds, suggests that 
they may have been deposited in playa lakes (Stokes, 
1958, p. 28), and the thin beds of limestone found in 
some other areas to the west also suggest this origin 
(Gilluly and Reeside, 1928, p. 70).

Studies of the cross-stratification in the Wingate 
over large areas of the Colorado Plateau by Stewart 
(1956, p. 92) indicate that, in general, the dune sand was 
blown in toward the southeast. This suggestion is in 
agreement with detailed studies of cross-stratification 
of the Wingate Sandstone in and near the Grand 
Junction area by F. G. Poole (oral communication, 
July 20, 1960), who determined wind directions ranging 
from S. 47° E. to S. 86° E. and dips of cross-strata from

20° to 22°. Petrographic studies of thin sections 
of three samples of Wingate Sandstone from the Grand 
Junction area by H. A. Tourtelot (written communi 
cation, July 14, 1960) indicate that 15 to 20 percent 
of the grains are feldspars (table 4) and that, in com 
mon with the samples of Entrada Sandstone, the general 
sequence of main events that have affected these 
samples were:

(1) Deposition of particles derived from a crystalline terrane 
and from sedimentary terranes in one or more cycles; (2) solution 
along grain boundaries, probably partly in response to increasing 
pressure from depth of burial; (3) recrystallization of kaolinitic 
clay matrix and perhaps some reorganization of the micaceous 
clay minerals (perhaps the grains interpreted as siderite were 
also deposited at this time); (4) alteration in place of feldspar to 
clay minerals similar to the clay in the matrix (events 2, 3, and 4 
may have been almost simultaneous); and (5 deposition of calcite 
replacing clay mostly but also partly replacing grains of quartz 
and feldspar (may have immediately followed steps 2, 3, and 4 
or taken place considerably later) .
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FIGURE 8. Cave in Wingate Sandstone inhabited until 1958. On main road 3 miles west of Glade Park Post Office in N H sec. 27, T. 12 S., R. 102 W. Lone inhabitant, 
Mrs. Laura Hazel Miller, visible between gateposts. One-room house is entirely within cave, and smaller storehouses extend back beyond limit of visibility.

The arkosic character of the sands, the sequence 
of events interpreted from petrographic studies, and 
the gradual thickening of the formation westward 
suggest that, at least in this area, the Wingate Sand 
stone probably was derived in one or more stages 
largely from the old Uncompahgre highland to the 
east. The water-laid parts could have reworked 
by winds from the northwest to form the eolian beds 
and, conversely, the eolian parts could have been 
reworked by water to form the evenly bedded strata. 
A possible common origin for both parts is thus sug 
gested.

The continental origin of the Wingate Sandstone 
is indicated also by its transitional relations with 
both overlying and underlying formations of conti 
nental origin, by dinosaur tracks found in the Win- 
gate Sandstone along the San Juan River (Longwell 
and others, 1925, p. 13) and in the San Rafael Swell 
(Gilluly and Reeside, 1928, p. 70), and by the remains 
of reptiles and fresh-water fish and invertebrates

in the overlying Moenave and Kayenta Formations 
in the Navajo Country (Harshbarger, Repenning, and 
Irwin, 1957, p. 29, 30; Lewis, Irwin, and Wilson, 1961, 
p. 1437, 1438).

Age and correlation. Much has been written about 
the age and correlation of the Wingate Sandstone 
and of the overlying formations of the Glen Canyon 
Group, and opinions as to the age of the Wingate 
and correltive units (table 3) have fluctuated from 
assignments: (1) to the Triassic by Peale (1877, p. 
80-87), by Button (1885, p. 137), and by Cross (1907, 
p. 636, 652) who correlated the sandstone (now called 
Wingate) along the Colorado River about 12 miles 
north of Moab, Utah with the sandstone of his Dolores 
Formation and of the Vermilion Cliff Group of Powell; 
(2) to the Pennsylvanian(?) and later the Carbonifer 
ous by Lee (1912, p. 20-23, 50; 1918, p. 16-21); (3) 
to the Jurassic by Gregory (1917, p. 55), in part be 
cause of his miscorrelation of the Wingate with the 
lower member of the La Plata Sandstone of Cross
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FIGURE 9. Natural bridge in Wingate Sandstone. Along north side of road west of Glade Park Post Office a few miles west of southwest corner of map (pi. 1). Note
rounded forms produced after removal of protective cap of Kayenta Formation.

and perhaps in part because of the supposed uncon 
formity at the base of the Wingate (p. 24); (4) to the 
Jurassic(?) by Gilluly and Reeside (1928, p. 73), 
who stated, however, that the Glen Canyon Group 
might be Jurassic or Triassic; and (5) back to the 
Upper Triassic by Harshbarger, Repenning, and Irwin 
(1957, p. 25-32), on the basic of fossils in the Wingate 
and overlying formations. No fossils were found in 
the Wingate Sandstone in the Grand Junction area 
but, because of the seemingly continuous deposition 
of the Chinle Formation and the Wingate and the 
fossils found elsewhere in and above the Wingate, the 
Late Triassic age assignment seems to be fully war 
ranted.

In the Navajo Country, Harshbarger, Repenning, 
and Irwin (1957, p. 8) divided the Wingate Sandstone 
into two units, the Rock Point Member and the over 
lying Lukachukai Member. In and near the Grand 
Junction area the Wingate Sandstone resembles the 
Lukachukai Member, and strata resembling the Rock 
Point Member are considered to be the Church Rock 
Member of the Chinle.

Water supply. The Wingate Sandstone is the 
thickest and lowermost of four artesian aquifers in the 
Grand Junction area, although it is second in im 
portance to the thinner but generally more permeable 
Entrada Sandstone. Data are lacking as to the quan 
tity and quality of water obtainable from the Wingate, 
for of the 48 artesian wells for which records were 
obtained (table 7), only two (34, 48) seem to obtain 
water from the Wingate alone and both of these are 
nonflowing wells near the outcrop and on which 
pumping or flow tests could not be made.

Laboratory tests of the coefficient of permeability 
of samples of Wingate Sandstone (table 4) indicate 
that the Wingate has a low permeability comparable to 
that of much of the Slick Rock Member of the En 
trada Sandstone but less than that of the Moab Mem 
ber of the Entrada.

The recharge areas of the Wingate and Entrada 
Sandstones are nearly the same and are discussed on pages 
100, 101. South of the recharge areas the Wingate is 
drained by canyon cutting, but locally, as in Glade

721-906 O-65 4
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Park, it contains small amounts of unconfined ground 
water (p. 93).

Twelve of the 48 wells were drilled deep enough to 
tap both the Entrada and Wingate Sandstones (table 
7), but a few of these are old wells for which casing 
records are scanty or lacking, so the contribution of 
the Wingate to the total production of each of these 
wells is not known. Inasmuch as the recharge areas of 
the Wingate are higher than those of the Entrada, 
however, the water in the Wingate normally is under 
the greater artesian head and hence may contribute 
appreciably to the discharge of wells that tap both 
aquifers. Locally, this natural difference in head has 
been increased by a gradual decline in head in the 
greater number of heavily pumped wells that tap the 
Entrada alone.

Some information on the yield of the Wingate Sand 
stone is given in the log of well 19. It was reported 
that this well flowed 2 gpm (gallons per minute) from 
the Entrada Sandstone at a depth of 769 feet, that the 
flow increased to 8K gpm when an opening was pen 
etrated at or near the base of the Kayenta Formation 
between the depths of 940 and 943 feet, and that the 
flow increased to 13 gpm when the well was completed 
in the Wingate at a depth of 996 feet. The opening 
may have resulted from solution in a limestone con 
glomerate in the Kayenta; the water it contained 
probably was collected and transmitted from the 
underlying Wingate.

For the reasons given above, no samples of water 
were collected from the Wingate Sandstone alone, but 
the analyses of five samples of water obtained from 
four wells that tap both the Wingate and Entrada 
Sandstones and two samples from a well that taps the 
Entrada, Wingate, and Kayenta Formations (table 8) 
indicate generally soft sodium bicarbonate waters of 
good quality for domestic use and most other uses. 
The water is similar chemically to that from the En 
trada Sandstone alone. In common with all the 
samples analyzed, those from the Wingate and En 
trada exhibit softening by natural base exchange (p. 117, 
118) and become increasingly soft at increased distances 
from the recharge areas (fig. 46).

Some of the water has a sufficiently high sodium 
(alkali) hazard to be possibly injurious to lawns or 
other crops (fig. 47), but most is used entirely for 
domestic purposes.

CONTACT BETWEEN WINGATE SANDSTONE AND KAYENTA FORMATION

In the Grand Junction area the change from the 
dominantly eolian but partly water-laid beds of the 
Wingate Sandstone to the entirely fluvial beds of the 
Kayenta Formation is so gradational as to suggest 
continous deposition. The contact, which seems to be

conformable and generally is difficult to pinpoint, was 
placed between the lowest lenticular to irregularly 
bedded, generally harder and coarser grained sand 
stone of the Kayenta and the highest finer grained, 
softer massive sandstone of the Wingate. This gra 
dational relationship, shown in figures 7 and 10, seems 
to prevail throughout the Colorado Plateau (Baker, 
Dane, and Reeside, 1936, p. 5) except locally, as in the 
Navajo Country, where the Moenave Formation occurs 
between the Wingate and the Kayenta (Harshbarger, 
Repenning, and Irwin, 1957, p. 12).

UPPER TRIASSIC(?) SERIES
KAYENTA FORMATION

Definition. The Kayenta Formation was named by 
Baker, Dane, and McKnight (1931) from exposures on 
Comb Ridge, 1 mile northeast of Kayenta, Ariz., but 
it was more completely described by Baker, Dane, and 
Reeside (1936, p. 5). The beds so named had formerly 
been designated as the Todilto Formation (Gregory, 
1917, p. 55) or Todilto (?) Formation (Gilluly and 
Reeside, 1928, p. 70), but later work by Baker, Dane, 
and Reeside (1936, p. 5, 17) showed that the true 
Todilto at the type locality in Todilto Park, N. Mex., 
is much younger than the Kayenta.

Character, distribution, and thickness. The Kayenta 
Formation consists mainly of lenticular to irregularly 
bedded layers of fine- to medium-grained sandstone, 
irregular lenses of siltstone and shale, and a few lenses 
of conglomerate or conglomeratic sandstone. The 
sandstones generally are harder and coarser grained 
than the underlying Wingate Sandstone particularly 
the lower beds of the Kayenta, which serve as a pro 
tective capping to the Wingate. Along the cattle 
drive in the SE%SE% sec. 30, T. 1 N., R. 2 W., Ute 
P.M., was observed a bed of hard conglomerate 4 to 5 
feet thick containing well-rounded to subangular 
pebbles of red sandstone and reddish to bluish lime 
stone from Y4 to IK inches in diameter. Some con 
glomeratic sandstones, as in the measured section 
given below, contain pebbles of green and red shale 
and some pebbles of siltstone. No beds of limestone 
were observed in the Kayenta, such as those reported 
in the San Rafael Swell, Utah, by Gilluly and Reeside 
(1928, p. 71), but limestone conglomerate may have 
been penetrated in the Kayenta in the drilling of 
well 19. Most of the sandstone beds are buff, 
white, or gray, but a few are lavender gray or red. 
The siltstone and shale generally are as red as the 
Chinle Formation, but locally are lavender, purple, or 
green. Locally, wash from the lenses of red siltstone 
imparts a reddish color to the underlying Wingate 
Sandstone. No exposure of the Kayenta may be 
considered typical, but figure 11 gives some idea of the 
lenticularity and irregular bedding.
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FIGURE 10. Gradational contact between the Wingate Sandstone and the Kayenta Formation. North wall of arm of Monument Canyon, in Colorado National Mon 
ument. Erosional unconformity between Kayenta and overlying Entrada Sandstone is also shown. Normally a bench-former as on the right, the Kayenta on the 
left forms part of a single cliff. "Ew, Wingate Sandstone; "Ek, Kayenta Formation; Je, Entrada Sandstone; Jms, Morrison and Summerville Formations.
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FIGURE 11. Kayenta Formation in cut along Bim Bock Drive near elbow of Ute Canyon. Note irregular lens of red siltstone near base and irregular bedding of sand 
stones above.
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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 
area (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 NW^ sec. 30, T. 12 
S.j 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 S., 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 cotton- 
woods, in NWy* sec. 32, T. 1 S., 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

Section of Kayenta Formation and Entrada Sandstone along peren 
nial tributary of No Thoroughfare Canyon above large cotton- 
woods, in NW}i sec. 32, T. 1 S., 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- 

Sandstone, similar to bed above but softer.

Thickness 
(feet)

22
40

Total Slick Rock Member.._......____._ 62
Total Entrada---------_____   ___ 112

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--___-_ 4. 5 
Sandstone, fine- to medium-grained, gray, thin- 

bedded; some yellow specks of iron oxide; 
some pebbles of siltstone >£-}_ 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). 
Triassic:

Wingate Sandstone.

47

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 Eafael Swell 
now known to belong to the Kayenta Formation were 
assigned to the Jurassic(?) by Gilluly and Eeeside 
(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, Eepen- 
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 8 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 assignments has been presented by 
Lewis, Irwin, and Wilson (1961).

8 F. W. Cater, Jr., L. C. Craig, J. H. Irwin, G. E. Lewis, S. W. Lohman, E. D. 
McKee, F. G. Poole, J. D. Strobcll, Jr., R. F. Wilson, and J. C. Wright.

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 Eafael Group was named by Gilluly and 
Eeeside (1928, p. 73) to include, from oldest to youngest, 
the Carmel, Entrada, Curtis, and Summerville Forma 
tions, from their excellent exposures in the San Eafael 
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 Eafael Group by 
Craig and others (1955, p. 133, 134), and the Todilto 
Formation also was assigned to the San Eafael Group 
(Harshbarger, Eepenning, and Irwin, 1957, p. 38).

In the Grand Junction area the San Eafael 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 Eafael 
Groups (table 3), including much of the Entrada 
Sandstone, all the Carmel Formation and Navajo 
Sandstone, most of the Kayenta Formation west of
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North East Creek, and all the Kayenta and possibly 
part of the Wingate Sandstone in and east of North 
East Creek Canyon. Slight irregularities on this 
erosion surface at the top of the Kayenta are shown in 
figure 12, and a somewhat smoother contact between 
the Entrada and the Wingate Sandstone is shown in 
figure 6. Figure 12 shows what may be a slight 
angular unconformity, but any angular discordance is 
masked by irregular and cross-stratification in the 
Kayenta. A slight angular unconformity between the 
Entrada and the Kayenta was reported, however, by 
L. K. Litsey (J. C. Wright and D. D. Dickey, written 
communication, July 9, 1960) in Tabeguache Canyon, 
Montrose County, Colo., in sec. 34, T. 48 N., K. 15 W., 
New Mexico P.M.

From studies of the San Rafael Group in Utah and 
parts of adjacent states, Wright and Dickey (written 
communication, July 9, 1960) found that in south 
western Utah the Carmel Formation intertongues with 
the underlying Navajo Sandstone but that elsewhere 
in the Colorado Plateau, including western Colorado, 
an erosional unconformity separates the San Rafael 
and Glen Canyon Groups. Their most convincing 
evidence of_this erosional unconformity is on Bartlett 
Flat near the head of Seven Mile Canyon, in the north 
eastern part of T. 25 S., R. 19 E., Salt Lake Meridian, 
about 15 miles northwest of Moab, Utah, where the 
Navajo Sandstone is only about 150 feet thick in con 
trast to nearby areas where it is 250-350 feet thick and 
where a monadnock of the Navajo rises about 35 feet 
above the generally smooth erosion surface and extends 
into the overlying Entrada.

This erosion surface may extend eastward to the 
Black Canyon of the Gunnison, in the lower part of 
which the Entrada rests directly on the Precambrian 
complex and in the upper part of which the Wanakah 
Formation (equivalent to the Summerville Formation) 
rests directly on the Precambrian complex (Wallace 
R. Hansen, oral communication, July 10, 1960). This 
thinning and ultimate disappearance of strata against 
the flank of the old Uncompahgre highland may result 
in part from nondeposition near the old highland, but 
is clearly erosional farther west.

In the Grand Junction area there is undoubtedly an 
erosional unconformity at the base of the Entrada 
Sandstone, and there may be a slight angular discord 
ance. Part of the missing strata seemingly was 
removed by erosion, but part may never have been 
deposited.

UPPER JURASSIC SERIES

ENTRADA SANDSTONE

Definition. The Entrada Sandstone was named by 
Gilluly and Reeside (1928, p. 76) from Entrada Point 
in the northern part of the San Rafael Swell, Utah.

In the Moab, Utah, area, the uppermost massive 
crossbedded grayish-white sandstone of the Entrada 
was named the Moab Tongue of the Entrada Sand 
stone by Baker and others (1927, p. 787, 799) and was 
used as the Moab Member of the Entrada by Dane 
(1935, p. 19). The underlying and larger part of the 
Entrada remained unnamed until 1962, when the use of 
named members rather than "lower, middle, or upper 
members" became necessary to avoid confusion in 
correlating the twofold division of the Entrada Sand 
stone in the Grand Junction area with the generally 
threefold division in south-central Utah. Accordingly, 
the massive smooth-faced, cliff-forming sandstone 
beneath the Moab Member was named the Slick Rock 
Member after exposures at the town of Slick Rock, 
Colo., and the basal silty, earthy sandstone (formerly 
included in the Carmel Formation) was named the 
Dewey Bridge Member after exposures near Dewey 
Bridge, Grand County, Utah (Wright, Shawe, and 
Lohman, 1963). The silty, earthy Dewey Bridge 
Member closely resembles the entire Entrada at the 
type locality in the San Rafael Swell, but the Entrada 
becomes increasingly sandy eastward from the Swell.

The Moab is called a member in and east of Arches 
National Monument, where it rests directly on the 
Slick Rock Member, but west of this point, where it 
intertongues with the Summerville Formation, it is 
called a tongue (Wright, Shawe, and Lohman, 1963, 
fig. 2).

In the Grand Junction area only the Moab and Slick 
Rock Members of the Entrada Sandstone are present.

Character, distribution, and thickness. Throughout 
the Colorado National Monument and adjacent parts 
of the area, the Entrada Sandstone forms a distinctive 
and colorful series of cliffs that are secondary in height 
and grandeur only to those of the Wingate Sandstone. 
The cliffs or steep slopes of the Entrada generally 
surmount the bench of the Kayenta Formation (fig. 
7), but locally the Entrada, Kayenta, and Wingate 
form a single high cliff (fig. 10), and in and east of 
North East Creek Canyon the Entrada and Wingate 
form a single sandstone cliff (fig. 6). Although the 
Entrada normally forms cliffs or steep slopes, it dis 
integrates more rapidly in areas of greater precipita 
tion and higher altitudes, and it crops out over broad, 
flat sandy areas in Glade Park and in the western part 
of East Park.

The Slick Rock Member of the Entrada Sandstone 
is the principal cliff-forming part of the formation in 
southwestern Colorado and adjacent parts of Utah, but 
locally the other members share in this expression. The 
generally unjoin ted smooth cliff faces and the salmon 
or pink color of the Slick Rock Member give it a 
distinctive and unmistakable appearance 'that readily
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FIGURE 12. Erosional unconformity between the Slick Rock Member of the Entrada Sandstone (J es) and the Kayenta Formation (~Ek). Along Rim Rock Drive,
Colorado National Monument, in the SE^ sec. 13, T. 11 S., R. 102 W.

distinguishes it from the generally jointed and desert- 
varnish coated higher cliffs of the Wingate Sandstone 
(figs. 6, 12, 13). Locally the otherwise smooth cliff 
faces of the Entrada may be pockmarked by solution 
cavities ranging in size from a silver dollar to an 
automobile.

Individual beds in the Slick Rock Member generally 
range from a few feet to a few tens of feet thick, but 
some are less than a foot thick. Most of the beds, 
particularly the thicker beds in the lower part of the 
member, exhibit high-angle crossbedding, but some are 
evenly bedded.

The Slick Rock Member is a sandstone composed 
dominantly of fine- to very fine grained sand, generally 
a little medium-grained sand, and from less than 10 
percent to as much as 30 percent silt. Most beds 
contain a small amount of clay, and some beds, partic 
ularly those near the base, contain a small proportion 
of coarse-grained sand in thin laminae or in scattered 
grains. One sample (table 4, fig. 14) contained more 
than 10 percent of these coarse grains. The coarse 
grains, which are well rounded and generally frosted

and iron-stained, stand out conspicuously in the matrix 
of finer sand and are referred to as "Entrada berries" 
by many geologists who have worked in the Colorado 
Plateau. The secondary peak in the curve for sample 
6 in figure 14 was caused by 10.2 percent of these 
coarse grains and only 1.8 percent medium-grained 
sand. The possible causes of this type of sorting have 
been discussed by Dane (1935, p. 100-102).

For the four samples of sandstone from the Slick 
Rock Member that were analyzed, the median grain 
diameters ranged from 0.077 to 0.173 mm (very fine to 
fine-grained sand), and the values of the Trask sorting 
coefficient, 1.4 to 1.6, indicate a well-sorted material. 
The degree of sorting is comparable to that of the 
samples of Wingate Sandstone but slightly less than 
that of the samples from the Moab Member.

Like the samples from the Wingate Sandstone and 
the Moab Member, the samples from the Slick Rock 
Member consist mostly of quartz grains, contain con 
siderable feldspar, and range widely in their content 
of calcite cement (table 4). Sample 6 had the greatest 
content of cement and the lowest porosity and per-
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FIGUKE 13. Slick Rock Member of Entrada Sandstone. In west arm of TJte Canyon, Colorado National Monument. "Ek, Kayenta Formation; Jes, Slick Rock Member.
Moab Member and Summerville and Morrison Formations poorly exposed above cliff.

meability of the nine sandstone samples examined. 
Samples 4 and 6 contained a few grains of chert.

On the basis of microscopic examinations of thin 
sections of the four samples of sandstone from the 
Slick Rock Member, H. A. Tourtelot (written communi 
cation, July 14, 1960) stated:

Sample 3. Grains are subangular to subrounded in cross 
section and are not markedly intersutured where they are in 
contact. Most grains of quartz and feldspar are surrounded by 
a highly birefringent rim several microns thick. This rim 
material appears to be sericite (possibly illite?) that has formed 
by alteration after the rock was deposited. Some feldspar 
grains were partly altered to sericite before deposition; others 
were partly altered to kaolinite and sericite after deposition. 
Red iron oxide is moderately abundant and occurs in the matrix 
clay.

Sample 4. Grains are mostly subangular in cross section 
although grains larger than 0.1 mm are abundant. Microcline 
appears to be more abundant than in preceding slides. A 
number of the orthoclase grains appear to be in the process of 
altering to kaolinite in place. Other orthoclase grains appear 
to have been partly altered to sericite and calcite before deposi 
tion in this rock. Red iron oxide occurs in the matrix clay and 
only incidentally stains grains. In some of matrix areas, the

iron oxide is accompanied by the tiny grains interpreted as 
siderite. Wherever sand grains are in contact, they have some 
what intersutured boundaries.

Sample 5. Matrix clay is fairly evenly distributed through 
the rock and there is relatively little grain suturing. Both the 
matrix and calcite appear to have been somewhat leached. In 
other respects, the slide is similar to sample 6 except for the 
scattered large grains.

Sample 6. The sandstone is poorly sorted [compared to the 
other 8 samples examined] with scattered well-rounded grains 
of quartz (one of chert was noted) as large as 1.0 mm in a ground 
mass of grains smaller than about 0.2 mm. Grains larger than 
about 0.1 mm are generally rounded in cross section and smaller 
grains are generally angular. The distribution of matrix is 
patchy, the packing of the sand grains varying from place 
to place in the slide. Where the grains are closely packed, 
suturing of grain boundaries is developed. This solution has 
reduced the amount of matrix clay in the rock. Calcite 
apparently was deposited after much if not most of the solution 
took place. Within the calcite patches are aggregates of a 
carbonate mineral with higher relief than calcite; this may be 
dolomite. Most grains of quartz and feldspar have a coating of 
red iron oxide that seems to penetrate the grain to a depth of a 
few microns. Red iron oxide also is present in the matrix. One 
fragment of rock was noted that consisted of tiny lathlike
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FIGURE 14. Cumulative curves showing particle sizes of four samples of sandstone of the Slick Rock Member of the Entrada Sandstone. For locations of sampling points
see table 4.

feldspar crystals in a heavily iron stained matrix. This fragment 
probably is of an effusive volcanic rock.

In the four samples of sandstone from the Slick Rock 
Member that were analyzed (table 4), the clay content 
ranged from 4.5 to 7.0 percent and consisted of 15 to 
35 percent kaolinite and 65 to 85 percent mixed-layer 
clay, the latter consisting of from about 50 to 70 percent 
illite and from about 30 to 50 percent montmorillonite. 
The ability of such clay to soften the ground waters is 
discussed on pages 117, 118.

Although normally salmon colored or pink, the 
Slick Rock Member is nearly white or yellowish white 
locally in Glade Park, in most of sec. 13, T. 12 S., R. 
102 W. Along the southwest end of Ute Canyon, 
about 2 miles downdip (northeast) from the Glade

Park locality, the Entrada Sandstone has the mottled 
appearance shown in figure 15. Note that in figure 15 
the Slick Rock Member retains its normal salmon color 
in the lower dark part of the outcrop but that the upper 
part seeminly has been leached to white the same 
color as the overlying, normally white Moab Member  
and that near the irregular color boundary are isolated 
leached and unleached spots. As a possible explanation 
for this color change by apparent leaching, it is 
postulated that the Slick Rock Member in Glade Park 
and in this part of Ute Canyon was originally all 
salmon colored and that, prior to draining of the beds 
by canyon cutting, the slow movement of artesian 
water downdip through the Entrada Sandstone may 
have leached out the salmon color. Seemingly, the
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FIGURE 15. Mottled salmon and white Slick Rock Member (Jes) of the Entrada Sandstone overlain by white Moab Member (Jem). In southwestern part of Ute
Canyon, Colorado National Monument.

leaching was carried to completion in the outcrops in 
Glade Park but was only partly completed in Ute 
Canyon when the process was halted by draining 
during and after canyon cutting. The ferric iron 
compounds forming the red color in the Slick Rock 
Member could have been leached by a slightly acid 
water or reduced to ferrous iron compounds by some 
reducing agent in the water, although, of course, the 
chemical character of the long-absent water is not 
known.

At this point the reader may ask why the apparent 
leaching shown in figure 15 is confined to the upper part 
of the Slick Rock Member and does not extend into 
the lower part. Laboratory determinations of the 
coefficient of permeability of six samples of sandstone 
from the Entrada (table 4) suggest that the Moab 
Member is more permeable than the Slick Rock Member 
and that the upper part of the Slick Rock Member is 
more permeable than the lower part, and these deter

minations are in general accord with the results of 
flow tests and the experiences of local well drillers. 
Other things being equal, therefore, in any given period 
of time more water could have moved through the 
Moab Member and the upper part of the Slick Rock 
Member than through the lower part of the Slick 
Rock; hence it seems logical that the upper part could 
have undergone a greater amount of leaching. More 
over, when this area was covered by younger rocks, the 
only escape route for the water was upward through 
the overlying rocks or upward along fault planes 
farther to the northeast; thus, the movement had 
both an upward component and a downdip component. 

In sharp contrast to the salmon-colored massive 
beds in the Slick Rock Member are the thinner, 
generally evenly bedded white to light-buff sand 
stone beds of the Moab Member. The beds generally 
range in thickness from 1 to several feet, and alter 
nate somewhat in hardness so as to weather into a
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FIGURE 16. Steplike weathering of Moab Member of Entrada Sandstone. In west arm of Ute Canyon, Colorado National Monument. J es, Slick Rock Member
of Entrada; J em, Moab Member; Js, Summerville Formation.
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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

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 from 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 SE% sec. 
30, T. 1 N., R. 2 W., 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, !-!}_ in. between 
crests__________-----------_--------- 42. 4

Sandstone, medium-grained, white to light- 
gray, friable; some bands stained light tan 
by iron oxide; forms recess below cliff- _ _ 3. 1

Total Moab Member________________ 45. 5
Slick Rock Member: =====

Sandstone, medium-grained, pink, hard,
evenly bedded; forms slight ledge _______ 1.8

Sandstone, medium-grained, pink, friable, 
evenly bedded; forms bench 10-15 ft 
wide____________--__--__--__--_--_-- 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________________ 8. 3

Sandstone, medium-grained, pinkish-salmon, 
friable, evenly bedded; forms recess in 
cliff.               __       - . 6

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.__ 10. 6

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 YIQ-}^ in. thick, generally iron 
stained; steep-angle crossbedding extend 
ing 5 ft stratigraphically; base locally 
channeled into Kayenta Formation. _ _ _ _ 75. 9

Total Slick Rock Member (rounded)' _ 101

Total Entrada (rounded). 
Triassic(?):

Kayenta Formation.

146

i 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 to both 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 
sees. 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 westward.

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

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 them 
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" 9 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 5X10~5 , 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

9 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 O. Ferris (written communication to Chief, Ground Water Branch, Feb. 
15,1952), and seems more appropriate.

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 H2S 
(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 hi 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 in 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 underlying 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

Grand Junction area. The section that follows is 
fairly typical as to both thickness and lithology. (See 
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 
SE}i sec. 19, T. 11 S., R. 102 W.

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

Jurassic: (/e*# 
Morrison Formation (incomplete): 

Salt Wash Member (incomplete):
Sandstone, medium-grained, buff, massive, 

iron-stained; pellets of shale in lower few 
inches; exposed part_____________---_-_ 10

Sandstone and siltstone, variegated purple, 
buff, and green; thin layers of green and 
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 %~\ % in. in diameter. _____ 2. 5
Siltstone, purple, nodular._______________ .4
Siltstone, greenish, nodular; some reddish

bands,______________________________ 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)   _______________________ 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______-_______-_-_____--_----- .3
Limestone, gray, hard, lenticular, irregularly 

bedded; %-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 

low and gray sandstone in beds 1-6 in. thick- 2. 8 
Sandstone, fine-grained, yellow-gray; shale part 

ings in lower third------------------------ 1. 0
Siltstone, alternating gray-green and reddish- 

brown------_-__-----_-----------------_-   8
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Section of Summerville Formation along Rim Rock Drive from 
Artists Point southward, Colorado National Monument, in 

sec. 19, T. 11 S., R. 102 W  Continued

ThicknessJurassic  Continued
Summerville Formation   Continued

Sandstone, fine- to medium-grained, gray ; several
thin shale partings. _______________________ 0. 8

Sandstone, fine-grained, buff; in beds }i-2 in. 
thick containing pellets of brown shale; alter 
nating with fissile brown shale and siltstone 
in beds }£-2 in. thick containing green-blue 
shale partings ____________________________ .9

Sandstone, fine-grained, greenish-gray, hard; 
Sandstone, fine-grained, greenish-gray, hard;

several greenish shale partings. _ ____________ .7
Siltstone and shale, brown; and beds of sand

stone %-l in. thick _ _ ____________________ 1.8
Sandstone, medium-grained, light-buff, very 

hard; squeezed shale pebbles near base and 
middle, most of which weather out on outcrop. 
Basal 0.1 foot is coarse grained, gray, contains 
some grains of rose quartz and fine grains of 
black chert __ ___-----____-__-___________ 3. 4

Shale and siltstone, greenish-gray, fissile; some 
brown in upper half; 4-in. concretions of dove- 
gray limestone in lower half. _______________ 17. 9

Siltstone, red and few thin layers of greenish 
shale; 0.2-ft bed of very hard fine-grained 
greenish sandstone near top_ _______________ 2. 8

Shale, bluish-purple, fissile __ _________________ . 3
Siltstone, red; 0.2-ft bed of brown silty lime 

stone at middle; greenish sandstone concretions 
and thin bed of fine-grained sandstone near 
top_____. _______________________________ 3. 0

Shale, purple, fissile__-__----____-_________-_ . 1
Sandstone, fine-grained, greenish _ ___________ .4
Siltstone, red; }£-in. bed of purple fissile shale

at top_ __________________________________ . 6
Sandstone, medium-grained, reddish-gray__--_- . 3 
Siltstone, red___________ ____________________ 1. 2
Sandstone, yellow, hard; green shale partings _ . 2 
Shale, purple, fissile. _ ___-_-____-___-____-__. .2
Sandstone, fine- to medium-grained, light 

greenish-gray, very hard; few flat pellets of 
green shale _ ____________________________ . 8

Siltstone and sandy siltstone, red ; thin layers of 
fissile red and green shale and }£-in. bed of 
blue shale at top ; specks of biotite __________ 3.1

Siltstone, red; base partly concealed _ ________ 3. 8

Total Summerville Formation (rounded)_____ 
Entrada Sandstone: 

Moab Member.

54

Conditions of deposition. The very thin bedded 
character, the uniform thickness of the beds, partic 
ularly the sandstone beds, and the ripple marks on 
some of these beds, all suggest deposition of the Sum 
merville Formation in a body of quiet shallow water. 
Craig and others (1955, p. 133) regarded the Summer 
ville Formation "* * * as a marginal marine deposit 
formed in relatively quiet shallow water." This

"water" could have been a shallow arm of the Curtis 
or Summerville sea, in which the water-laid Moab 
Member was deposited earlier, or possibly brackish 
or fresh-water bodies bordering this sea. Wright (1959, 
p. 65, fig. 4) felt that the Summerville was laid down 
just above sea level on a broad aggradational river 
flood plain that drained northwestward toward the 
sea, while the partly equivalent Todilto Limestone was 
being deposited in a large saline lake to the southeast. 
If the Summerville had been deposited on a river flood 
plain, however, one would expect to find more evidence 
of channel scour and fill, but none has been observed 
in the Grand Junction area, and L. C. Craig (oral com 
munication, Aug. 30, 1960) indicated that scour and 
fill structures are almost absent in the Summerville and 
that, where they have been observed, they are of small 
scale.

Because no fossils have been reported from the Sum 
merville, possibly in part because of the oxidizing condi 
tions in the red parts, its mode of origin cannot be 
determined with certainty.

Age and correlation. Although no fossils have been 
reported from the Summerville Formation, it is well 
dated as Late Jurassic because of its position in the 
type area between the Curtis Formation, which con 
tains Late Jurassic marine fossils, and the overlying 
Morrison, which has yielded many remains of Late 
Jurassic terrestrial vertebrates and some fresh-water 
invertebrates (p. 54, 55; table 5).

Baker, Dane, and Reeside (1936, pis. 2, 10, figs. 4, 
6) understandably did not recognize the Summerville 
in sections measured at the Serpents Trail, in Colorado 
National Monument, and in Unaweep Canyon, for 
the Summerville is thin and very poorly exposed at 
both places. The Summerville had earlier been recog 
nized in oil tests north of the area (Erdmann, 1934, 
p. 26) and was later traced by Holt (1940, p. 55) into 
the Grand Junction area and as far eastward as lola, 
Colo. However, in the next exposures east of the Grand 
Junction area, in the Black Canyon of the Gunnison, 
beds equivalent to the Summerville are included in 
the Wanakah Formation (Wallace R. Hansen, oral 
communication, Sept. 1, 1960; see also Goldman and 
Spencer, 1941, p. 1756-1759). In the lower part of 
the Black Canyon of the Gunnison, the Wanakah 
also includes gypsum beds (Siebenthal, 1905, p. 401- 
403). In much of the Four Corners region, the upper 
part of the Summerville is replaced by the Bluff Sand 
stone. The Bluff Sandstone intertongues with the Cow 
Springs Sandstone of the Navajo Country, where the Cow 
Springs occupies the stratigraphic position of the Sum 
merville Formation and the lower part of the overlying 
Morrison Formation (Craig and others, 1955, p. 133). 
The Curtis Formation occupies the entire Curtis and
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FIGUEE 18. Lower part of Summerville Formation. Along Rim Rock Drive at Artists Point, Colorado National Monument. Camera case is 7tf* Inches high.
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Summerville intervals along the south flank of the 
Uinta Mountains (L. C. Craig, written communication, 
Oct. 26, 1960). In older reports describing the Grand 
Junction area the Summerville was included with the 
McElmo, Gunnison, or Morrison Formations (table 3). 

Water supply. The fine-grained materials of the 
Summerville Formation in this area have a very low 
permeability and yield no water to wells. Rather, the 
Summerville and the overlying Morrison Formation 
serve as confining beds, or aquitards (p. 46), that 
effectively prevent the escape of most artesian water 
from the underlying Entrada and Wingate Sandstones.

CONTACT BETWEEN SUMMERVILLE AND MORRISON FORMATIONS

In the San Rafael Swell, Utah, an angular and 
erosional unconformity has been described between the 
Morrison and Summerville Formations (Gilluly and 
Reeside, 1928, p. 81).

In the Grand Junction area, no angular discordance 
was observed but, at most of the few places where the 
contact is exposed, a slight erosional unconformity is 
suggested by an erosional surface at the base of a scour 
and fill sandstone unit which marks the base of the 
Morrison. For example, near Artists Point and in the 
western arm of Ute Canyon, in the Colorado National 
Monument, the erosional unconformity is between a 
highly lenticular, generally crossbedded fluvial channel 
sandstone of the Salt Wash Member of the Morrison 
Formation and thin persistent quiet-water deposits of 
the Summerville Formation.

On the other hand, locally, as in the section south of 
Fruita, the lowermost bed of the Salt Wash Member is 
a fossiliferous fresh-water limestone, the base of which 
seems quite conformable with the underlying beds of 
the Summerville.

Holt (1940, p. 55) considered the contact to be con 
formable and, on the basis of algaelike casts in a sand 
stone near the base of the Morrison, he believed that 
the basal beds of the Morrison were deposited in 
lagoons on the border of the Late Jurassic Curtis sea. 
Indeed, in the Grand Junction area the basal contact 
of the Morrison may be conformable, and the scour 
surface apparent at most exposures may represent only 
a minor break in time; certainly only a few feet of 
beds seem to have been removed by the scour, and the 
scour surface may be no more significant than any of 
the numerous scour surfaces within the Morrison 
Formation.

MORRISON FORMATION

Definition. The Morrison Formation was named by 
Eldridge (Emmons, Cross, and Eldridge, 1896, p. 60) 
after exposures near the town of Morrison, Colo., but 
the name appeared in print 2 years earlier (Cross, 1894, 
p. 2). The name later was extended to include rocks

in the San Rafael Swell, Utah, because of similarities 
in fauna and lithology of beds in that area to those of 
the type locality (Gilluly and Reeside, 1928, p. 81, 82), 
and it has since been used throughout the Colorado 
Plateau.

In the Four Corners region the Morrison Formation 
has been subdivided into four members on the basis of 
differences in lithology, which are, from bottom to top: 
Salt Wash Sandstone Member, named from exposures 
along Salt Wash, Grand County, Utah (Lupton, 1914, 
p. 127); Recapture Shale Member, from exposures near 
mouth of Recapture Creek, San Juan County, Utah 
(Gregory, 1938, p. 58); Westwater Canyon Sandstone 
Member, from exposures in the canyon of Westwater 
Creek, San Juan County, Utah (Gregory, 1938, p. 59); 
and Brushy Basin Shale Member, from exposures in 
Brushy Basin, San Juan County (Gregory, 1938, p. 59). 
Other units formerly included as members of the 
Morrison the Todilto Limestone (Baker, Dane, and 
Reeside, 1936, p. 17), the Wanakah Formation, Bluff 
Sandstone, and Junction Creek Sandstone (Goldman 
and Spencer, 1941, p. 1750; Gregory, 1938, p. 58), 
were later generally considered as separate formations 
of the San Rafael Group in the local areas in which 
they occur (Harshbarger, Repenning, and Irwin, 1957, 
p. 38; Craig and others, 1955, p. 133). The lithologic 
terms in the names of the four members of the Morrison 
are not everywhere strictly applicable, generally are no 
longer used (Craig and others, 1955, p. 135-155), and 
are not used in the present report.

The Recapture and Westwater Canyon Members of 
the Morrison Formation are not recognizable very far 
north of the Four Corners region (Craig and others, 
1955, figs. 20, 22, 29), and only the Salt Wash and 
Brushy Basin Members are present in the Grand 
Junction area.

Character, distribution, and thickness. The Morrison 
Formation comprises a varied and colorful assemblage 
of beds of siltstone, mudstone, sandstone, a little con 
glomerate and limestone and, according to Robert A. 
Cadigan (oral communication, Sept. 26, 1960), contains 
a few shards of volcanic ash and some altered ash. In 
the lower and drier parts of the Grand Junction area 
the Morrison generally forms steep barren badlands 
(fig. 19), but at higher altitudes it is generally covered 
by brush or trees. The Morrison and Summerville 
Formations are much less resistant to erosion than the 
underlying and overlying formations and, hence, form 
moderate to steep slopes between resistant sandstone 
cliffs or ledges. For these reasons, there have been 
many landslides in the Morrison, some of which cover 
underlying older formations. The larger landslides are 
shown on plate 1. In many of the deeper canyons in 
the southeastern part of the area the steep canyon walls
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of the Morrison are strewn with and locally covered 
with small to very large blocks of sandstone from the 
overlying Burro Canyon Formation and Dakota 
Sandstone.

In the Grand Junction area the Salt Wash Member 
forms the lower one-third to one-half of the Morrison 
Formation; the Brushy Basin Member forms the rest.

In most of the eastern half of the mapped area and 
in much of the western half, the Salt Wash Member 
consists of alternating beds or lenses of siltstone or mud- 
stone and highly lenticular sandstone, and a few beds 
of limestone particularly at or near the base. The 
siltstone and mudstone, some of which are sandy, are 
mainly reddish brown, reddish gray, and light greenish 
gray. The sandstone consists mostly of fine- to medi 
um- to coarse-grained quartz particles but contains 
some accessory minerals, and locally is conglomeratic. 
In the uranium-producing area southwest of the Uncom- 
pahgre Plateau, cores of sandstone from the Salt Wash 
Member taken below the water table contained pyrite,

particularly associated with carbonaceous material, but 
above the water table the pyrite had been oxidized to 
limonite stains (Daniel R. Shawe, oral communication, 
Sept. 23, 1960). The sandstone is mostly crossbedded, 
but some is evenly bedded. These beds are poorly to 
well cemented and generally form ledges or low cliffs. 
Most of the sandstone is white or light gray, but some 
is light brown. Individual lenses may range in thick 
ness from less than a foot to about 40 feet and in length 
from a few feet to a few hundred feet or yards (fig. 19). 
Groups of beds or lenses of sandstone locally attain a 
thickness of 70-80 feet.

Because of widespread vanadium- and uranium-ore 
deposits in the Salt Wash Member in areas southwest 
of the Uncompahgre Plateau, the Morrison has received 
more detailed study than any of the other Jurassic 
formations but, because of the absence of such ore 
deposits in the Grand Junction area (Fischer, 1942; 
Finch, 1955), only a few of these studies have reached 
as far north and east as the Grand Junction area.

FIGURE 19. Morrison Formation, showing highly lenticular sandstone in Salt Wash Member (Jms, lower third of Morrison) and generally fine-grained Brushy Basin 
Member (Jmb). Basal beds of Burro Canyon Formation (Kb) cap top of hill. Northeast of Ladder Creek in S^ sec. 19. T. 12 S., R. 100 W. (See Ladder Canyon 
section, p. 124-127.)
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Craig and others (1955, fig. 21) found that the Salt 
Wash Member decreases in thickness northeastward 
from as much as 600 feet in southern Utah to only 200 
to 300 feet in the Grand Junction area, where it begins 
to change from a dominantly sandstone and mud- 
stone facies to a claystone and lenticular sandstone 
facies, and not far to the east and northeast of Grand 
Junction the Salt Wash is no longer recognizable as a 
member of the Morrison Formation. Lithofacies studies 
of the Salt Wash Member by Mullens and Freeman 
(1957, p. 514) indicated that in three sections of the 
Salt Wash in and near the Grand Junction area the 
average percentages of stream deposits were 20 at 
Ladder Canyon, 31 at east Unaweep Canyon, and 46 
at Black Ridge west of the area (see measured sections 
at the end of this report), the rest of the member 
having been classed as flood-plain or lacustrine deposits. 
Actually, the range is even greater than indicated by 
these studies, for locally in the western half of the 
mapped area the Salt Wash Member may be nearly or 
entirely lacking in beds or lenses of sandstone and may 
resemble the overlying Brushy Basin Member. For 
this reason in the western half of the area and because 
the contact between the two members in the eastern 
half of the area generally is obscured by talus, the two 
members are not differentiated on plate 1 but are 
included with the underlying Summerville Formation.

Just to the north of the high bluff in the S% sec. 32 
T. 1 S., R. 1 N., Ute P.M. a sandstone lens in the Salt 
Wash Member attains a thickness of 30 to 40 feet 
within a short distance, persists to and beyond No 
Throughfare Canyon to the west, and continues under 
cover far enough to the northeast to supply water to 
wells 17, 18, and 24 (table 7).

The limestone beds of the Salt Wash Member are 
lenticular to fairly persistent, vary in number from 
place to place from one or two to five or six, and occur 
mostly near the base but locally as much as 60 to 80 
feet above the base. Most of the beds of limestone 
are from less than 1 to 3 feet thick, but one bed 8.5 
feet thick occurs in the SW% sec. 29, T. 1 N., R. 2 W., 
Ute P.M. Most of the limestone beds are light gray 
to dark gray, but one 10-inch bed of dense black lime 
stone that emitted a petroliferous odor when freshly 
broken was observed in the SW^SE^ sec. 27, T. 11 S., 
R. 101 W. Locally the limestone contains fresh-water 
invertebrates or casts from which pellets of siltstone or 
mudstone have weathered out.

The Brushy Basin Member is dominantly siltstone 
and mudstone, but it contains thin beds of sandstone, 
limestone, and bentonitic mudstone. It is even more 
brightly colored than the Salt Wash Member and, 
although dominantly red, it includes beds of most other 
colors and shades including purple and green. A thin

lens of limestone on Riggs Hill and another about a 
mile west of the Fruita Golf Course, both about 115 
feet below the top of the Brushy Basin Member, are 
reported to contain fresh-water pelecepods as silicified 
casts or replaced by agate, jasper, or chalcedony (Holt, 
1942, p. 456-460). Locally, as in the section given 
below, the base of the Brushy Basin Member is marked 
by a distinctive conglomerate containing rounded peb 
bles of black and red chert. Similar conglomerates 
containing pebbles of red, green, black, or white chert 
occur at the base of the Brushy Basin Member in many 
places to the south of the Grand Junction area 
(Lawrence C. Craig, oral communication, Sept. 8, 1960).

Studies by Craig and others (1955, fig. 29) indicate 
that the Brushy Basin Member decreases in thickness 
northward and northeastward from more than 400 feet 
in parts of southwestern Colorado and eastern Utah to 
200 to 350 feet in the Grand Junction area, but then 
thickens northwestward to more than 600 feet locally 
in northwestern Colorado and northeastern Utah. Like 
the Salt Wash Member, the Brushy Basin Member is 
not recognizable in central and eastern Colorado, where 
the Morrison Formation has not been subdivided.

In addition to the fresh-water invertebrates noted 
above, the Morrison Formation in this area, as in many 
other areas, has yielded many bone fragments and 
several skeletons of dinosaurs, petrified wood (Minor, 
1939), and so-called "gastroliths" highly polished peb 
bles believed by some (Minor, 1937) to have been the 
gizzard stones of dinosaurs. On the other hand, Stokes 
(1942) found that many dinosaur remains have few or 
no associated "gastroliths" and that many "gastro 
liths" have no associated bones. Because he found 
most of them in the Brushy Basin Member, which con 
tains bentonitic beds derived from volcanic ash, he 
thought that the "gastroliths" may have received their 
high polish by volcanic ash blown against them by 
wind. The vertebrates and invertebrates found in the 
Morrison in or near the area are listed in the section 
on "Age and correlation."

The Morrison Formation ranges in thickness from 
800 to 900 feet in areas to the south and southwest to 
500 to 600 feet in the Grand Junction area, and is 200 
to 500 feet thick in eastern and central Colorado, 
respectively. In the sections beginning on p. 123 the 
range is 530 to 600 feet. The section that follows is 
fairly typical of the Morrison as to lithology but is 
thicker than other sections measured in or near the 
area, either because of local thickening or possibly be 
cause of the steepness of the slope and its effect on the 
accuracy of measurement. The beds described in the 
section as "shale" should more properly be called mud- 
stone (R. P. Fischer, oral communication, Sept. 9, 
1960).
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Section of the Morrison and Summerville Formations between 
water gap of No Thoroughfare Canyon and top of hill to the 
northeast, in STFK sec. 82, T. I.S., R. I.W., Ute. P.M.

[Measured by Richard P. Fischer, May 21,1944]

Cretaceous: rftictom 
Burro Canyon Formation (incomplete): (feef) 

Sandstone, medium- to coarse-grained, brown,
partly conglomeratic; some shale. Estimated- 80 ± 

Shale, sandy, brown; thin brown-sandstone beds_ 8 
Sandstone, rather fine-grained, brown, rather 

evenly bedded____________-_______________ 8

Total Burro Canyon exposed.____________ 96±

Jurassic:
Morrison Formation:

Brushy Basin Member:
Shale, dominantly gray, some red, purple, 

and green; bentonitic; an occasional sand 
stone bed 3 in. to 3 ft thick__________ 275

Shale, red, massive or blocky, slightly 
bentonitic__ _ _______________________ 6

Conglomeratic sandstone, coarse-grained, 
white, massive, soft; contains rounded 
pebbles (dominantly black and red chert) 
as much as 1 in. across; laterally this bed 
is replaced by bed above_____________ 25

Total Brushy Basin____ ___ ___ 306

Salt Wash Member:
Shale, sandy, dominantly red, some gray_ 22
Sandstone, light-gray, massive, soft; shale 

lenses.______________________________ 45
Shale, red and gray; sandy layers_______ 25
Sandstone, medium-grained, light-gray to 

buff, massive and cross bedded; maximum 
thickness in line of section; thins laterally. 44

Sandstone and shale; sandstone rather fine 
grained, hard, irregularly bedded and len 
ticular; interbedded with red and gray 
sandy shale____-_______-____________- 12

Shale, sandy, gray and red; thin-bedded 
sandstone and limestone layers _________ 12

Sandstone, medium-grained, light-gray to 
buff, soft, lenticular; crossbedded with 
some poor ripple bedding-_____________ 22

Shale, gray___________________________ 2
Sandstone medium-grained, light-gray; forms 

ledge locally, but lenses out 300 ft 
laterally. ____________________________ 6

Slope, mostly covered; dominantly sandy 
shale but thin discontinuous sandstone 
beds crop out in places, and nodular and 
thinly bedded limestone is in the lower 
half_______________________ _ 44

Limestone, gray, dense, poorly bedded; 
forms ledge locally-___________________ 2

Slope, mostly covered; gray shale, gray 
nodular to thinly bedded limestone, and 
light-gray, thinly bedded sandstone crop 
out in places.________________________ 10

Sandstone, medium-grained, light-gray;forms 
ledge locally but lenses out 500 ft 
laterally- ____________________________ 6

Section of the Morrison and Summerville Formations between 
water gap of No Thoroughfare Canyon and top of hill to the 
northeast in SW1A sec. 32, T. I.S., R. I.W., Ute. P.M. Con.

Jurassic Continued
Morrison Formation Continued 

Salt Wash Member Continued
Sandstone, shale, and limestone; sandstone 

medium grained, light gray, lenticular 
(basal 6-foot bed lenses out about 100 ft 
to northeast); shale gray; limestone gray, 
dense, blocky, somewhat sandy or muddy, 
partly nodular but mostly poorly bedded.

Thickness 
(feet)

60

Total Salt Wash.__________________ 312

Total Morrison_______ _ ____ 618

Summerville Formation:
Sandstone, fine-grained, white to buff; contains 

coarse grains or fine pebbles of black chert (?); 
evenly and thinly bedded; some shale partings. 7

Shale, light- to dark-gray, and nodular or irregu 
lar thin beds of gray limestone; grades upward 
into silty reddish-brown mudstone in top 2-3 
ft_--___-_-   ________________ _________ 12

Sandstone, limy, gray, in 2-3-inch beds, inter- 
bedded with gray sandy shale in 4-6-inch 
layers (carnelian chert in sandstone bed near 
middle) _ _______________________________ 3

Mudstone, sandy, red and gray, poorly bedded; 
weathers blocky________________________-_ 6

Sandstone, fine-grained, white to light-red, thinly
bedded, rather hard__-____-___-_-__-__---- . 3

Sandstone or siltstone, fine-grained, red, poorly
bedded; weathers blocky__________________ 1.5

Sandstone, medium-grained, mottled red and 
white, poorly bedded, quartzitic; forms ledge_ 1

Sandstone, fine-grained, red; has purple-red 
shaly seams and a few white fine-grained 
sandstone layers___-_------_----_--------- 2

Sandstone or siltstone, fine-grained, red, poorly 
bedded; weathers blocky________    ______  8

Total Summerville (rounded).._____-___--_ 41
Entrada Sandstone (incomplete):

Sandstone, fine-grained, white to light-gray, 
sparse medium to coarse grains; evenly but 
poorly bedded in upper part, crossbedded 
below. Exposed part.-________-__---__--- 25±

Conditions oj deposition. The lithologic character, 
fresh-water invertebrates, petrified wood, and abun 
dance of bones and bone fragments of terrestrial verte 
brates in the Morrison Formation all attest to its 
undoubted continental origin.

Detailed studies by Craig and others (1955, p. 150- 
152) and by Mullens and Freeman (1957, p. 516-521) 
indicated clearly that the Salt Wash Member was 
deposited by streams that emanated from south-central 
Utah and flowed northward and eastward in an aggrad 
ing distributary system of braided channels which 
changed position on a broad alluvial fan by lateral 
migration. The finer grained beds represent flood-
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plain or lacustrine deposits, and the limestone beds 
probably were deposited in lakes. The deposits thin 
toward the old Uncompahgre highland but were de 
posited across the lower parts of this old landmass 
(Craig and others, 1955, fig. 21). The presence of 
shards of volcanic ash and of some altered ash in the 
Salt Wash Member indicates at least mild volcanic 
activity in nearby areas.

Similar studies of the Brushy Basin Member also 
suggest deposition in a fluvial and lacustrine environ 
ment in a similar distributary system of streams from 
the same general source area, but with less channel 
sand and more flood-plain deposits (Craig and others, 
1955, p. 156, 157). The thin limestone beds probably 
were formed in lakes, and the bentonitic beds probably 
resulted from showers of volcanic ash in the source area.

Although the climate probably was fairly wet during 
all of Morrison time, the greater abundance of fossil- 
plant and dinosaur remains in the Brushy Basin Mem 
ber suggests deposition under conditions of greater 
humidity than prevailed during deposition of the Salt 
Wash Member (Craig and others, 1955, p. 157). A 
large amount of vegetation would have been required 
to feed the dinosaur population indicated by the 
abundant remains.

Age and correlation. Although originally defined as 
Jurassic on the basis of dinosaur remains (Emmons, 
Cross, and Eldridge, 1896, p. 60), the Morrison Forma 
tion was introduced into the Colorado Plateau as 
Jurassic(?) (Gilluly and Reeside, 1928, p. 60), probably 
on the basis of the angular and erosional unconformity 
between the Morrison and Summerville Formations in 
the San Rafael Swell. On the basis of additional fossil 
evidence over a wide area, the Morrison was and is 
regarded as Upper Jurassic (Baker, Dane, and Reeside, 
1936, p. 9, 10).

Dinosaur remains were first discovered in the Grand 
Junction area in 1900 and 1901 when Elmer S. Riggs, 
then curator of the Field Columbian Museum, Chicago 
(now Chicago Natural History Museum), removed all 
but the forepart of a skeleton of Apatasaurus excelcus 
(fig. 20) from the Brushy Basin Member of the Morrison 
Formation on the southeast side of a hill one-quarter 
mile south of the Fruita bridge (Riggs, 1901 a, 1903a). 
During the same period Riggs (1903b, 1904) removed 
part of the type skeleton of Brachiosaurus altithorax 
Riggs from the Brushy Basin Member on the south 
slope of what was later called Riggs Hill (pi. 1; fig. 21). 
Accounts of these finds, the dedication in 1938 of 
masonry monuments with brass plaques at the two 
localities, and quotations from Mr. Riggs, who was 
present for the occasion, are given by Look (1951, p. 
55-57, 65, 66; 1955, p. 57, 58, 66, 67). One of these 
plaques is shown in figure 22.

FIGUEE 20. Excavating vertebrae of Apatasaurus excelcus from Brushy Basin Mem 
ber of the Morrison Formation. Southeast side of hill one-quarter mile south of 
Fruita bridge in NW}4 sec. 24, T. 1 N., R. 2 W., TIte P.M. Photograph, taken in 
1900, reproduced by permission of the Chicago Natural History Museum.

Riggs (190la) reported the presence of dinosaur 
bones or bone fragments throughout the upper part 
of the Morrison Formation (Brushy Basin Member) 
in the Redlands district of the Grand Junction area, 
mainly in the lower 150 feet but also within a few feet 
of the top. In addition to Apatasaurus and Brachio 
saurus, Riggs also found remains of Diplodocus, Cama- 
rasaurus, and Morosaurus (Riggs, 1901b).

In 1937, Al Look and C. L. Holt (Look, 1951, p. 
58-66; 1955, p. 60-69) found the closely associated 
remains of Allosaurus and Stegosaurus at the west end 
of Riggs Hill and, nearby, additional remains of Brachi 
osaurus. Despite careful attempts to protect these 
specimens, vandals and souvenir hunters have removed 
most of the remains of Allosaurus and Stegosaurus, 
which may have been nearly complete skeletons, but 
the remains of Brachiosaurus may still be intact (Al 
Look, oral communication, April 11, 1960). Additional 
information on vertebrate, invertebrate, and plant re-
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FIGURE 21. Excavating type specimen of Brachiosaurus attithorax Riggs from Brushy Basin Member of Morrison Formation. South side of Riggs Hill in NE}4 sec. 26, 
T. 11 S., R. 101 W. Photograph, taken in 1900, reproduced by permission of the Chicago Natural History Museum.

mains in the Morrison Formation in Grand County, 
Utah and other nearby areas is given by Stokes (1952a, 
p. 18, 19).

The invertebrate fossils that have been reported 
from the Morrison Formation in and near the Grand 
Junction area and the localities at which they were 
found are listed in table 5.

All the diagnostic fossils found in the Morrison 
Formation in and near this area indicate a Late Jurassic 
age for the formation.

In earlier reports describing the Grand Junction and 
adjacent areas the strata now comprising the Morrison 
and Summerville Formations were included in the 
McElmo Formation, Gunnison Formation, or McElmo 
Member of the Gunnison (table 3).

Water supply. The Salt Wash Member of the Morri 
son Formation is third in importance among the four 
artesian aquifers of the Grand Junction area. Of the

48 wells listed in table 7, six obtain water from sand 
stone lenses in the Salt Wash Member and two obtain 
water from the Salt Wash and from older rocks. The 
drillers' logs of 19 of the wells indicate the finding of 
water in sandstone lenses at various positions in the 
Morrison, including a few in the Brushy Basin Member, 
but the lenses in the Brushy Basin seemingly were not 
very productive, for no wells are known to have been 
developed in them.

Although the sandstone lenses of the Salt Wash 
Member are highly lenticular, as would be expected of 
stream-channel deposits, the lenticularity is exhibited 
mainly in a general northwesterly direction approxi 
mately at right angles to the general trend of the streams 
that deposited these beds. That individual sandstone 
lenses extend in a general northeasterly direction for 
distances of several miles, in the direction of the former 
streams, is attested by the continued yield of wells that

721-906 O-65 6
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FIGUEE 22. Brass plaque arid monument marking the discovery of Brachiosaurus altithorax Riggs. Location same as given for figure 21.
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TABLE 5. Fossils from the Morrison Formation in and near 
the Grand Junction area

[All fossils but those described by Holt (1942) from table compiled by L. C. Craig; 
(written communication, 1960). X indicates presence of species in collection; 
A, abundant; C, common; U, uncommon; R, rare]

Fossil

Gastropods:

Vortifex stearnsi White ».. __ . ___ .... .
Pelecypods:

Charophytes:

Ofl

Ostracodes:

Morrison Formation

Salt Wash 
Member

1

X

X

2

X

X
X

3

X

4

C 
R

C

C 
R 
U 
C

C

0

C

5

C

C

C
c 
c
E

0
c
Rc c

c

6

c
R

X

R 
E 
U 
C

C

0

C

Brushy Basin
Member

7

X
X
X
X

--

8

X

--

9

-

10

--

11

R

C

C

--

1213

TT
TT

0 TT

TT
TT

C A

R 0
R

U U

TT
C A

C C

1 According to Yen (1952, p. 27) the Vortifez stearnsi White and Valvata scabrida 
Meek and Hayden of Holt (1942) are Amplovalvata scabrida Meek and Hayden (adult 
form) and Viviparus reesidei Yen, respectively.

2 According to R. E. Peck (written communication) this species was mistakenly 
referred to the genus Stellatochara in Peck (1957).

1. Probably from lower part of member, in Gunnison River valley in the SEJ4 sec. 
26, T. 14 S., R. 98 W. (Yen, 1952, p. 28, locality 9).

2. From 80 feet above base of member; type locality on Ladder Canyon (Jacobs 
Ladder) road about 6 miles south of Grand Junction (Holt, 1942).

3. From lower part of member in gray calcareous shale in cut along Rim Rock 
Drive, about 3 miles south of headquarters, Colorado National Monument 
(Holt, 1942).

4. From 25-foot limestone and shale section at base of member, on road to Broughton 
Fruit Farm, in sec. 26, T. 14 8., R. 98 W., Delta County, Colo. (Peck, 1957, 
p. 12, collection D428).

5. From basal limestone and shale of member at Ladder Canyon section (p. 126), 
in sec. 19, T. 12 S., R. 100 W. Collected and identified by R. E. Peck.

6. From calcareous shale and thin limestone at base of member on south side of No 
Thoroughfare Canyon Road, in sec. 29, T. 1 S., R. 1 W., Ute P.M. (Peck, 1957, 
p. 12, collection D306).

7. From near Broughton Fruit Farm road, in sec. 35, T. 14 S., R. 98 W., Delta 
County, Colo. Collected by C. N. Holmes, identified by T. C. Yen.

8. From limestone in lower one-third of member about 5 miles west of Fruita, ap 
proximately sec. 15, T. 1 N., R. 3 W., Ute P.M. Collected by L. C. Craig, 
identified by J. B. Reeside, Jr.

9. From 6-inch limestone about 115 feet below top of member 2% miles west of Fruita 
bridge; as silicified casts of agate, jasper, and chalcedony (Holt, 1942).

10. About 115 feet below top of member, on Riggs Hill in NEJ4 sec. 26, T. 11 S., R. 
101 W. (Holt, 1942).

11. From calcareous beds in lower one-third of member about 5 miles west of Fruita,
approximately sec. 15, T. 1 N., R. 3 W., Ute P.M. Collected and identified
by R. E. Peck. 

12' From nodular limestone in middle of member about 5 miles west of Fruita,
approximately sec. 15, T. 1 N., R. 3 W., Ute P.M. Collected and identified
by R. E. Peck.

13. From nodular limestone near middle of member, about 25 feet above sample 12, 
about 5 miles west of Fruita, approximately sec. 15, T. 1 N., R. 3 W., Ute P.M. 
Collected and identified by R. E. Peck.

14. From near Broughton Fruit Farm road in sec. 35, T. 14 S., R. 98 W., Delta 
County, Colo. Collected by C. N. Holmes, identified by R. E. Peck.

tap such lenses in several parts of the Redlands. This 
fact does not imply that water is everywhere obtainable 
from such lenses in the Salt Wash Member, for most 
wells that obtained little or no water from the Salt 
Wash Member were drilled deeper to the Entrada 
Sandstone.

The sandstone lenses in the Salt Wash Member that 
supply wells in the area generally are only 30 to 50 feet 
thick, hence the yields are lower than those obtained 
from the much thicker Entrada or Wingate Sandstones, 
and range, by natural flow, from less than 1 to 5 gpm. 
Moreover, the intake areas of the lenses of the Salt 
Wash Member crop out at lower altitudes than those 
of the Wingate and Entrada Sandstones, and a lower 
artesian head in the Salt Wash results.

The coefficients of transmissibility and storage ob 
tained from flow tests on wells 17 and 24 were 47 gpd 
per ft and 3X10~5 , and 36 gpd per ft and 4X10~4, 
respectively (table 6). On October 21,1947, the shut-in 
head of well 17 was 77.6 feet above land surface. Im 
mediately after opening the valve the discharge was 
0.92 gpm, which declined to 0.47 gpm after the well had 
flowed 3 hours and 51 minutes. Thus, the well had a 
specific capacity at the end of this flow period of only 
0.006 gpm per ft. Despite such a low yield and low 
specific capacity, this well, when equipped with a small 
jet pump, has supplied the domestic needs for five 
houses.

The three samples of water from two wells in the 
Salt Wash Member that were analyzed (table 8, wells 
17, 24) were soft sodium bicarbonate-sodium sulfate 
waters of good quality for domestic and most other 
uses. The samples contained much more sulfate than 
any of the other waters analyzed. No samples of sand 
stone from the Salt Wash Member in the Grand Junc 
tion area were collected for analysis, but the pyrite 
reported in the sandstone beds of the Salt Wash in the 
area southwest of the Uncompahgre uplift (p. 51) 
suggests that pyrite probably is present also in these 
beds in the Grand Junction area, the oxidation of which 
accounts for the high sulfate content.

The analyses of samples of water from two wells in 
the Salt Wash Member suggest that the waters have 
undergone an equal or greater degree of softening by 
natural base exchange than those from the Entrada 
and Wingate Sandstones (p. 117, 118). The altered 
volcanic ash reported in the Salt Wash would provide 
sufficient montmorillonite to accomplish the softening.

The samples of water from the Salt Wash Member 
have the highest sodium (alkali) hazards of any of the 
samples analyzed (fig. 47). This water probably would 
be harmful to certain plants and crops, but is satis 
factory for domestic use.

CONTACT BETWEEN MORRISON AND BURRO CANYON FORMATIONS

Opinions have differed in regard to the character of 
the contact and duration of the interval between the 
Morrison and Burro Canyon Formations. Stokes (1944, 
p. 976) recognized an unconformity at the base of the 
Buckhorn Conglomerate of Utah (basal bed of Burro
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Canyon Formation in southwestern Colorado) and its 
equivalents and believed that the unconformity marked 
«* * * regional uplift followed by a long period of still- 
stand and limited local sedimentation under conditions 
of arid or semi-arid climate." Young (1960a, p. 191) 
also indicated an unconformity at the base of his Cedar 
Mountain Formation (Burro Canyon of this report), 
which he believed represents a large part of Early 
Cretaceous time. On the other hand, most other work 
ers who have examined this contact in many parts of 
the Colorado Plateau regard it as conformable and 
gradational, having no significant break in sedimenta 
tion (Craig and others, 1955, p. 160; Harshbarger, 
Repenning, and Irwin, 1957, p. 57; Simmons, 1957, p. 
2523; Ekren and Houser, 1959, p. 192; Craig and others, 
1961). In describing the Brushy Basin-Burro Canyon 
contact in the Slick Rock district, Colorado, Simmons 
(1957, p. 2523) stated:

* * * Although the contact is commonly a disconformity marked 
by scours and sandstone-filled channels, the contact in many 
other places is gradational, marked by intertonguing of sand 
stone of the Burro Canyon with shale of the Brushy Basin. 
Also, in many places, thicker sandstones near the base of the 
Brushy Basin shale member resemble sandstones of the under 
lying Salt Wash sandstone member, whereas thicker sandstones 
near the top of the Brushy Basin resemble sandstones of the 
overlying Burro Canyon formation. These relations indicate 
that in the Slick Rock district deposition was essentially con 
tinuous from Morrison (Late Jurassic) into Burro Canyon 
(Early Cretaceous) time.

I have noted a similar intertonguing relationship in 
No Thoroughfare Canyon in the middle of sec. 21, T. 
1 S., R. 1 W., Ute P.M., where a lens of Burro Canyon- 
like sandstone occurs near the top of the Brushy Basin 
Member.

In the Grand Junction area the contact generally is 
sharp, especially when viewed from a distance, but 
locally is somewhat indistinct. The basal bed or beds 
of the Burro Canyon are sandstone in most places, 
conglomerate in other places. The local channeling of 
the basal beds into the underlying Brushy Basin is 
similar to that of individual channel sandstone beds 
of the Salt Wash Member into underlying fine-grained 
beds. That there may be at least a short time lapse 
between the Morrison and Burro Canyon is suggested 
by the distinct change in character of sedimentation 
between the dominantly mudstone beds of the Brushy 
Basin Member and the sandstone or conglomerate of 
the Burro Canyon. Locally, however, as in No Thor

oughfare Canyon, intertonguing between the two for 
mations suggests a more gradual transition in sedi 
mentation. All things considered, therefore, the 
contact in this area appears to be conformable.

A columnar section of rocks exposed in and near the 
Colorado National Monument (Lohman, 1960b, p. 87), 
which was prepared soon after the fieldwork began* 
incorrectly shows an unconformity at the base of the 
Burro Canyon Formation. Additional fieldwork showed 
this supposed unconformity to be a local condition of 
scour and fill, and proved that in most places the 
contact appears to be conformable, as shown in plate 2.

CRETACEOUS SYSTEM

LOWER CRETACEOUS SERIES

BURRO CANYON FORMATION

Definition. The Burro Canyon Formation was namd 
by Stokes and Phoenix (1948) from exposures in Burro 
Canyon, sec. 29, T. 44 N., R. 18 W., New Mexico 
Meridian, in San Miguel County, Colo.

Character, distribution, and thickness. The Burro 
Canyon Formation consists mainly of sandstone and 
shale or siltstone, but locally the sandstone, particu 
larly at the base, may be conglomeratic, and thin 
lenticular limestone occurs in some sections. The peb 
bles in the conglomerate are mainly chert.

The Burro Canyon Formation has a wide range in 
thickness and lithology comparable to that of the Salt 
Wash Member of the Morrison Formation. In about 
the western half of the area the Burro Canyon is mainly 
green shale, but it includes a basal sandstone or con 
glomerate 15 to 50 feet thick and one or more additional 
lenticular beds of sandstone. The basal sandstone is 
medium grained, massive, crossbedded, and varies from 
greenish gray to buff. Generally it is more or less iron 
stained where exposed, and large talus blocks generally 
are darkly iron stained on all sides. In some places, as 
in the No Thoroughfare Canyon section, the green shale 
contains a thin lenticular bed of very hard green cherty 
sandstone that rings when struck by a hammer and 
breaks with a smooth conchoidal fracture. In some 
places this bed contains fossils resembling fern or wood, 
and poorly preserved shells. In this part of the area 
the Burro Canyon and the overlying Dakota Sandstone 
cap a continuous series of low cuestas along the Red- 
lands, and cap a high mesa and its outliers called Black 
Ridge. The Burro Canyon and lower part of the Dakota
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are best exposed in the lower part of No Thoroughfare 
Canyon (fig. 23).

In about the eastern half of the area the Burro 
Canyon Formation is dominantly sandstone in most 
places, and locally is as much as 85 percent sandstone 
(fig. 24); the remainder consists mainly of green shale or 
siltstone, some red or purple shale, and, locally, thin 
gray nodular limestone. Here the Burro Canyon and 
the overlying Dakota Sandstone cap gently sloping 
mesas in large interstream areas and protect the under 
lying Morrison Formation from erosion. The Burro

Canyon and Dakota also cap the crest and higher parts 
of Pinon Mesa, southwest of the area.

In and near No Thoroughfare Canyon the Burro 
Canyon Formation and Dakota Sandstone are well 
exposed and readily separable, but to the west the con 
tact is obscured in most places by weathering or soil 
cover, and to the east the two units together crop out 
in nearly vertical cliffs; so hence the contact is virtually 
inaccessible and is superimposed on the Burro Canyon- 
Morrison contact. For these reasons the two forma 
tions are not differentiated on plate 1.

FIGUEE 23. Burro Canyor Formation and Dakota Sandstone in west side of No Thoroughfare Canyon, NEH sec. 21, T. 1 S., R. 1 W., Ute P.M. Basal sandstone of 
Burro Canyon and overlying green shale above road; white band half way up slope is basal conglomerate of Dakota overlain by lignitic shale, lignite, and sandstone.
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FIGURE 24. Sandstone fades of Burro Canyon Formation. Looking west near mouth of East Creek Canyon, NE}4 sec. 33, T. 2 S., R. 1 E., Ute P.M.
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No two sections of the Burro Canyon are similar or 
typical, because of the wide range in lithology and 
thickness. In the western part of the area, where more 
of the Burro Canyon was removed by erosion prior to 
deposition of the Dakota Sandstone, it is generally only 
50-60 feet thick, but in the eastern part the sandstone 
facies is as much as 120 feet thick and in some places 
probably is even thicker. The following sections illus 
trate these differences. (See also measured sections at 
the end of this report.)

Section of Dakota and Burro Canyon Formations along west side of 
No Thoroughfare Canyon in NE}i sec. 21 T. 1 S., R. 1 W., 
Ute P.M.

[Measured by S. W. Lohman and W. H. Lohman, Aug. 20,

Thickness 
(feet)Upper Cretaceous:

Dakota Sandstone (incomplete):
Shale, greenish and dark-colored; thin beds of 

soft sandstone; partly concealed to top of hilL 17
Sandstone, medium-grained, buff, crossbedded; 

shale breaks near top______._______________ 14
Shale, dark-colored, carbonaceous; thin seams of 

white sandstone and beds of greenish sand 
stone 2-12 in. thick; beds of lignite 1-4 in. 
thick at intervals and 6-inch bed of lignite at 
top overlying brownish carbonaceous shale 
containing many plant impressions _________ 58

Conglomerate, coarse, white; matrix is coarse 
grained crossbedded sandstone; pebbles are 
%-2 in. in diameter, but mostly }_-! in. in 
diameter, and are mostly black or white chert; 
pink and purple streaks near top___________ 41

Total Dakota exposed_________________ J.30_
Lower Cretaceous: =z=== 

Burro Canyon Formation:
Shale, greenish, largely concealed; red streaks in 

uppermost 1 foot; 6-inch bed of hard, reddish 
and variegated flint clay at top which breaks 
with conchoidal fracture but also cleaves along 
bedding planes___________________________ 15

Sandstone, medium-grained, dark-green, cherty, 
very hard; rings when struck by hammer; 
contains fossils resembling fern or wood, and 
poorly preserved shells; thickens to 7-8 ft 
northeastward__________________________ 2. 5

Shale, greenish, largely concealed _____________ 22. 4
Sandstone, medium-grained, greenish gray to 

buff, massive, crossbedded; shale break 2 in. 
thick near top; ledge forming; basal bed locally 
iron stained; thickens to the south; basal sand 

stone channeled into underlying Morrison 
Formation_______________________________ 18. 3

Total Burro Canyon (rounded)___________ 58

Section of Dakota and Burro Canyon Formations along west side of 
No Thoroughfare Canyon in NEl/t sec. 21 T. IS., R. 1 W., 
Ute P.M. Continued

Thickness 
(feet)

Jurassic:
Morrison Formation (incomplete):

Siltstone and mudstone, variegated reddish and 
greenish.

Section of Dakota and Burro Canyon Formations along old East
Creek road in SW}i sec. 30, T. 18 S., R. 99 W. 

[Measured by S. W. Lohman and W. H. Lohman, Aug. 28,1950]
Thickness

Upper Cretaceous: (feet) 
Dakota Sandstone (incomplete):

Largely concealed interval to top of mesa, mostly 
sandstone, some shale_____________________ 20

Sandstone, fine-grained, white._________---___ 6
Shale, dark-colored, lignitic__________________ 3
Sandstone, coarse-grained, and conglomerate; 

white; alternating layers of pebbly sandstone 
and coarse conglomerate; unit resembles basal 
conglomerate of Dakota in No Thoroughfare 
Canyon section____-_______-_________-____ 12

Concealed interval, mostly shale; one thick bed 
of sandstone.___________________--_---_-- 12

Sandstone, medium- to coarse-grained, and con 
glomerate; white, massive, crossbedded; peb 
bles mostly black chert.______-__-----_--__ 11. 4

Sandstone; many pebbles of slightly coalified
wood, shale, and black chert. ______________ . 3

Shale, black, lignitic__________-___-_--__--__- 2
Siltstone, sandy, light-gray, blocky; stained with 

iron oxide; thin beds of muddy sandstone____ 3. 5
Sandstone, coarse-grained, white; stained buff on 

exposure; few zones of scattered pebbles of 
dove-gray to black chert; chert pebbles at 
base J4-3 in. in diameter._________________ 5. 5

Total Dakota present (rounded)---------- 76
Lower Cretaceous:

Burro Canyon Formation:
Siltstone, sandy, mainly pale-green with iron- 

stained zones and streaks, blocky; local ce 
mented zones, beds, and concretions; one lens 
of speckled brownish-gray sandstone 1 foot 
thick_______.___----_.------------------- 8. 2

Sandstone, fine-grained, muddy, silty, yellow-
brown_-_________-_-___-_-__------------- 2. 0

Siltstone, green, brown, and yellow-stained,
lenticular___-________-______-__-_-----_-_ . 4

Sandstone, fine-grained, muddy, silty, yellow- 
brown. __________________-_____-_-_-_-_-- 5. 4

Limestone, nodular-__-_______-___-___------ .4
Sandstone, gray, nodular, hard-______________ . 4
Limestone, gray, nodular, hard_-___--__------ . 5

The three beds above grade laterally into a 
single limestone bed 0.8 ft thick, which 
then lenses to 3.5 ft thick by channeling 
into the siltstone below.
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Section of Dakota and Burro Canyon Formations along old East 
Creek road in SW% sec. 80, T. IS S., R. 99 W  Continued

Lower Cretaceous Continued Thickness 
Burro Canyon Formation Continued (feet)

Siltstone, variegated green, olive-green, gray- 
green, and purple; 2-ft hard lime-cemented 
purple to buff-brown zone near base; purple 
near top, yellow and green in top 0.4 ft______ 8. 2

Sandstone, fine-grained, buff, hard, iron-stained; 
in beds 0.3-2 ft thick separated by partings 
and irregular lenses of greenish blocky sandy 
clay_._________________________________ 26. 3

Sandstone, white, crossbedded, hard; scattered 
irregular zones of shale pebbles which weather 
out on exposure..-_______________________ 10. 4

Sandstone, medium- to coarse-grained, white, 
lenticular; lenses out in 10 ft _______________ .9

Sandstone, white speckled with yellow and some 
dark iron oxide, crossbedded, hard; lower foot 
contains irregular zone of pebbles of light- 
green shale and brown to pale-green quartzite; 
next 2 ft above base contain a few similar 
pebbles; few scattered pebbles of black and 
white chert; base is channeled into shale 
below--_-------_-__-___--_______________ 14 2

Shale, silty, green, lenticular; ranges in thick 
ness from 0.3-1 ft for 20 ft, then grades into 
massive sandstone; thickness along section-__ . 4

Sandstone, mostly medium-grained, buff to gray- 
buff stained with iron oxide, well-rounded 
grains, massive, crossbedded; some beds 
coarse-grained; grades upward to fine-grained; 
irregular zone of clay pebbles 1-3 in. in diam 
eter 1 ft above base; base rests on irregular 
scour surface_____---_____._______________ 42. 4

Total Burro Canyon (rounded)___________ 12()
Jurassic: ==== 

Morrison Formation (incomplete):
Clay, green, some leached to chocolate and yel 

low, blocky; joints filled with fluffy white solu 
ble salt having saline taste (sodium sulfate?)__ 1. 1

Sandstone, fine- to medium-grained, green, mas 
sive, nodular, soft; irregular limonite-stained 
streaks; becomes harder toward top_. _______ 6. 2

Sandstone, fine-grained, light greenish-gray, 
slightly indurated; partly mottled by iron 
oxide____._______________________________ 7. 3

Total Morrison measured _______________ 14. 6

Conditions oj deposition. The plant remains, the 
fresh-water invertebrates, and the lithologic character 
istics of the Burro Canyon Formation are indicative of 
a continental origin. The sandstone beds and shale or 
siltstone beds are stream deposits, and the lenticular 
limestone beds probably were deposited in temporary 
lakes.

No fossils were observed in pebbles of the conglom 
erate in the Burro Canyon in the Grand Junction area, 
but Stokes (1944, p. 978-980) found abundant late 
Paleozoic fossils in pebbles from the Buckhorn Con 
glomerate in Utah and suggested that the pebbles were

brought in by streams from the southwest and west. 
The pebbles suggest uplift of the source area with 
respect to the area of deposition.

Stokes (1944, p. 976-978; 1952b) suggested that the 
Burro Canyon Formation was laid down in an arid or 
semiarid environment, on the basis of its scanty fossil 
remains and because it is much thinner than the under 
lying Morrison Formation. According to Brown (1950, 
p. 47, 48), the fossil plants indicate that in Early Cre 
taceous and early Late Cretaceous time southwestern 
Colorado probably was a low-lying region not far 
above sea level.

Age and correlation. Poorly preserved remains of 
plants and shells were observed in the Burro Canyon 
Formation in the Grand Junction area, but no identi 
fiable fossils have been reported. On the basis of fossil 
plant remains, Brown (1950, p. 47) concluded that in 
southwestern Colorado the post-McElmo Formation 
(Burro Canyon of this report) and Dakota Sandstone 
of Coffin were Lower Cretaceous and Upper Cretaceous, 
respectively. Katich (1951, p. 2093, 2094) found Early 
Cretaceous invertebrate fossils in the equivalent Cedar 
Mountain Formation (Stokes, 1944, p. 958) in the west 
ern part of the San Rafael Swell. Additional inver 
tebrate fossils and microfossils found in the Burro 
Canyon or its equivalents in several parts of the Colo 
rado Plateau (Stokes, 1952a, p. 20, 1952c, p. 1768-1771; 
Mitchell, 1956, p. 110; Simmons, 1957, p. 2525-2528; 
Young, 1960a, p. 180-188) all attest the Early Creta 
ceous age of at least all but the basal sandstone or 
conglomerate of the Burro Canyon and equivalent 
Cedar Mountain. Although a thin sequence of beds 
comprising the uppermost part of the Brushy Basin 
Member of the Morrison Formation and the basal 
sandstone or conglomerate of the Burro Canyon or 
Cedar Mountain is undated because of lack of fossils, 
and hence may be Upper Jurassic or Lower Cretaceous, 
it seems reasonable to use the mappable contact at the 
base of this sandstone or conglomerate as the Jurassic- 
Cretaceous boundary, as suggested by Stokes (1952c, 
p. 1768).

In earlier reports on the area, the beds now included 
in the Burro Canyon Formation were called lower 
Dakota, Dakota, Dakota(?), or post-McElmo (table 3). 
Beds in Utah equivalent to the Burro Canyon of south 
western Colorado are included in the Cedar Mountain 
Group (Stokes, 1944, p. 958; 1952c, p. 1774; Simmons, 
1957, p. 2528).

On the basis of supposed intertonguing between the 
Burro Canyon or Cedar Mountain Formations and the 
overlying Dakota Sandstone, Young (1960a, p. 157, 158) 
has proposed that the name Burro Canyon be dropped 
and replaced by the older name Cedar Mountain, that 
the name Dakota Sandstone be dropped and replaced
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by his Naturita Formation, and that his Dakota Group 
be used to include his Cedar Mountain and Naturita 
Formations. In the absence of any such supposed 
intertonguing in the Grand Junction area and because 
of its apparent absence elsewhere (Craig and others, 
1961), there seem to be insufficient reasons for making 
the changes proposed by Young.

Water supply. Only wells 14 and 36 are known to 
obtain water from the Burro Canyon Formation or 
Dakota Sandstone or both, but water in one or both of 
these units was also found in the drilling of wells 11 
and 17, and perhaps also in others. No analyses of 
water from these formations are available because wells 
14 and 36 were drilled long after the water samples were 
collected. Several attempts were made to collect a 
sample from a well formerly in the NE%NE%SW% sec. 
25, T. 1 S., R. 1 W. Ute P.M., that obtained water from 
one or both of these formations, but each time the pump 
was reported inoperable. Later the well was destroyed 
during the realignment and widening of U.S. Highway 
50. The waters from this well and from well 36 were 
reported satisfactory for domestic use, but in most other 
wells tapping these formations the water was reported to 
be salty and in some wells to contain H2S (hydrogen 
sulfide). The salt water and perhaps also the H2S 
probably come from the Dakota Sandstone, which is 
partly of marine origin, but the sandstone of the 
Burro Canyon Formation is of continental origin and 
should be expected to contain at least small amounts of 
fresh water.

The sandstone beds of the Burro Canyon Formation 
and Dakota Sandstone are tightly cemented, lenticular, 
and generally thin, hence they yield only small amounts 
of water, generally under insufficient artesian head to 
flow at the surface. Because of the small yields and 
local salty water at least in the Dakota, these two 
formations are unimportant as sources of water and 
rank last in importance among the four artesian aquifers 
of the area.
EROSIONAL UNCONFORMITY BETWEEN BURRO CANYON FORMATION AND 

DAKOTA SANDSTONE

The nature of the contact between the Burro Canyon 
Formation and the Dakota Sandstone, like many other 
stratigraphic problems on the Colorado Plateau, has 
been the subject of some dispute. Carter (1956, p. 
1679-1680, 1957, p. 311-313) described the contact in 
the Mt. Peale 1 quadrangle of eastern Utah as a dis- 
conformity and as an extremely undulatory erosion sur 
face, and he found blocks of Burro Canyon in the basal 
conglomerate of the Dakota. In tracing this contact 
into New Mexico and Arizona, Craig and others (1955, 
p. 161) noted that the contact at the base of the Dakota 
becomes an angular unconformity at the top of suc 
cessively older rocks. Similarly, Harshbarger, Repen-

ning, and Irwin (1957, p. 57) found that near Showlow, 
Ariz., the Dakota rests on the Upper Triassic Chinle 
Formation or rocks of Early Triassic age, and that at 
McNary, Ariz., the Dakota rests on Paleozoic rocks. 
Despite such evidence of a widespread erosional uncon 
formity which becomes an angular unconformity to the 
south, Young (1960a, p. 176) contended that the Burro 
Canyon and Dakota intertongue (Craig and others, 
1961).

In the Grand Junction area there is an erosional 
unconformity at the base of the Dakota Sandstone. 
Pre-Dakota erosion has removed all but 58 feet of the 
Burro Canyon Formation in No Thoroughfare Canyon, 
whereas 120 feet of the Burro Canyon remains in East 
Creek Canyon. (See sections, p. 61, 62.) The basal 
conglomerate and sandstone of the Dakota is white 
because of abundant white interstitial clay. A sample 
of the white sandstone from near the base of the Dakota 
in No Thoroughfare Canyon was examined by X-ray 
and microscopic methods by H. A. Tourtelot (oral com 
munication, Aug. 30, 1962). The interstitial clay is 
kaolinite. None of the grains of kaolinite could be 
interpreted as a result of postdepositional alteration of 
feldspar or other aluminum silicate minerals. The 
kaolinite thus seems to be a result of pre-Dakota 
weathering as suggested by Leopold (1943, p. 56) for 
parts of Arizona and New Mexico and by L. C. Craig 
(written communication, Oct. 26, 1960) for many places 
in the southern part of the Colorado Plateau.

Mr. Tourtelot also examined a sample of the 6-inch 
bed of flint clay just below the basal conglomerate of 
the Dakota in No Thoroughfare Canyon. The clay 
appears laminated but breaks with a conchoidal frac 
ture and is composed of about 90 percent kaolinite and 
10 percent quartz. Most of the kaolinite is in a ground 
mass of highly oriented clay particles, but some of it 
is in discrete grains made up of well-developed books 
and "worms" of kaolinite crystals. These grains may 
represent original feldspar grains that were altered in 
place, and the bed may be a remnant of a deeply 
weathered zone on a pre-Dakota surface. The lami 
nated appearance and high degree of orientation of the 
clay particles does not seem consistent with such an 
origin, however, and suggests the need for further study.

UPPER CRETACEOUS SERIES

DAKOTA SANDSTONE

Definition. The Dakota Sandstone was named (as 
the Dakota Group) by Meek and Hayden (1862, p. 419, 
420) from exposures in back of the town of Dakota, 
Dakota County, Nebr. The use of the name was later 
extended over a wide area, and the name was used in 
the Colorado Plateau by various earlier workers as
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Dakota Group, Dakota Formation, Dakota(?) Sand 
stone, and, finally, Dakota Sandstone (table 3).

Character, distribution, and thickness. The only com 
pletely exposed sections of the Dakota Sandstone known 
in the Grand Junction area are at the top of inaccessible 
cliffs along the gorge of the Gunnison River. Else 
where the upper part of the Dakota is mostly eroded 
away except where small patches of the overlying 
Mancos Shale remain, and in such places exposures 
generally are poor.

The lower part of the Dakota is well exposed in No 
Thoroughfare Canyon (fig. 23), where it comprises a 
basal conglomerate or conglomeratic sandstone 41 feet 
thick overlain by carbonaceous and lignitic shale, lig 
nite, and buff sandstone. (See section, p. 61.) The 
basal bed changes laterally from a conglomerate to a 
coarse-grained crossbedded sandstone containing only 
a few thin layers of conglomerate. The basal bed is 
conglomeratic; the pebbles range in diameter from % to 
2 inches but are chiefly %-\ inch, and are mostly black 
or white chert, but some are quartzite.

This basal bed of the Dakota Sandstone is white, 
which readily distinguishes it from other conglomerate 
or sandstone beds in the Dakota or the Burro Canyon 
Formation in this part of the area. The reason for the 
whiteness of this bed is given in the section on the 
Erosional unconformity between Burro Canyon Forma 
tion and Dakota Sandstone.

The shale ranges from gray to brown or black, 
depending upon the content of carbonaceous material, 
and contains thin seams or beds of white and green 
sandstone, beds of lignite, and many plant impressions. 
The overlying beds of sandstone are mostly medium 
grained, crossbedded, and buff to light brown. Most of 
them are lenticular, particularly near the top (fig. 25), 
but some maintain a fairly uniform thickness for 
hundreds of feet.

Like the Burro Canyon Formation, the Dakota Sand 
stone becomes sandier eastward in the area, where, as 
in East Creek Canyon, it locally contains as many as 
three white sandstone or conglomerate beds that re 
semble the basal conglomerate in No Thoroughfare 
Canyon. (See section along East Creek road, p. 61.) 
Here the basal sandstone contains at the bottom chert 
pebbles as large as 3 inches in diameter, and some of 
the overlying sandstone beds contain pebbles of slightly 
coalified wood.

The Dakota Sandstone crops out over the same area 
and in similar manner as the Burro Canyon Formation 
and forms the surface over large interstream tracts in 
the eastern part of the area. The softer beds have been 
stripped from most of these dip slopes, which are capped 
by resistant sandstone.

Lignite coal formerly was mined from the Dakota 
Sandstone at several places along the east side of the 
Gunnison River Valley but, owing to the high content 
of ash, no coal has been mined for many years (Wood 
ruff, 1912, p. 569). Most of the coal beds are 6 inches 
thick or less, but Woodruff (1912, p. 567) reported a 
17-inch bed near the mouth of the Gunnison River and 
a 20-inch bed along the river a few miles southeast of 
the area.

Incomplete thicknesses of the Dakota Sandstone in 
the two sections measured were 76 and 130 feet. The 
total thickness is not known but probably exceeds 200 
feet.

Conditions of deposition. The basal sandstone or 
conglomerate and some overlying beds of the Dakota 
Sandstone appear to be near-shore fluvial deposits. 
The carbonaceous shale and lignite coal beds probably 
formed in coastal swamps or lagoons. Some of the 
upper sandstone beds appear to be beach deposits; 
similar deposits have yielded marine invertebrates near 
Delta, Colo. (Weeks, 1925, p. 19, 20; Young, 1960a, p. 
185; Fisher, Erdmann, and Reeside, 1960, p. 25). Near 
Grand Junction, a species of Inoceramus and a gastropod 
fragment were reported from carbonaceous shale near 
the top of the Dakota (Fisher, Erdmann, and Reeside, 
1960, p. 25). Slight oscillations of the land above and 
below sea level are indicated by alternate layers of 
beach deposits and coastal swamp or lagoonal deposits. 
Finally, the land sank below sea level for a long period 
of time during which the overlying Mancos Shale was 
deposited.

According to Brown (1950, p. 48), some of the ferns 
found in shale associated with coal beds suggest a 
relatively warm and moist environment at the begin 
ning of the Late Cretaceous. The development of 
kaolinite at and near the base of the Dakota also sug 
gests a moist environment.

Age and correlation. Inasmuch as the deposits form 
ing the Dakota Sandstone were laid down in and near 
a gradually transgressing sea, they are not everywhere 
of the same age. In most of the eastern and northern 
parts of the basin of deposition the Dakota or its 
equivalents are of Early Cretaceous age, but the deposi 
tion was progressively later toward the south and west. 
Thus, near Crawford, Colo., only about 25 miles east 
of Delta, Young (1960a, p. 188) found evidence that 
most of his Naturita Formation (Dakota) may be of 
Early Cretaceous age, whereas he (1960a, p. 185, 186) 
reported Late Cretaceous marine invertebrates from 
the upper part of his Naturita (Dakota) near Delta 
and Montrose, Colo., and at several localities farther 
west. Katich (1951, p. 2094) reported Early Cretaceous 
marine fossils from the Dakota in east-central Utah, but 
on the basis of subsequent collections supposedly from



CRETACEOUS SYSTEM 65

the same locality Young (1960a, p. 187) indicated the 
Dakota in that area to be of Late Cretaceous age. 
According to Katich (Craig and others, 1961, p. 1590), 
however, Young's collections were obtained K to 1 mile 
farther west. Partly on the basis of the fossils and 
perhaps partly on the basis of the supposed inter- 
tonguing between his Naturita (Dakota) and Cedar 
Mountain Formation, Young considered his Naturita 
to be of both Early and Late Cretaceous age, but mainly 
of Early Cretaceous age.

On the basis of fossil plants from several parts of 
southwestern Colorado, Brown (1950, p. 47) assigned 
the entire Dakota Sandstone to the Late Cretaceous. 
From consideration of the fossil plants and marine 
invertebrates found in nearby parts of the Colorado 
Plateau, J. B. Reeside, Jr. (oral communication, June 
1955), W. A. Cobban (oral communication, Oct. 5, 
1960), and Fisher, Erdmann, and Reeside (1960, p. 25) 
indicated that the entire Dakota in the Grand Junc 
tion area is of Late Cretaceous age. Moreover, the 
Dakota intertongues with the overlying Upper Creta 
ceous Mancos Shale in this area (fig. 25).

For the above reasons, I consider the Dakota Sand 
stone in the Grand Junction area to be of Late Creta

ceous age, but I realize that there may be some doubt 
about the age of the lower, generally unfossiliferous 
part of the formation here and in other parts of the 
Colorado Plateau. The widespread erosional uncon 
formity at the base of the Dakota, which becomes also 
an angular unconformity farther south (p. 57, 58), suggests 
that the interval between Burro Canyon and Dakota 
times may have been considerable; this implication 
tends to weaken the doubt about the Late Cretaceous 
age of the lower part of the Dakota. This opinion is 
in agreement with the findings of Fisher, Erdmann, 
and Reeside (1960, p. 25, 26): "The writers are inclined 
to believe that in the Book Cliffs region [of Utah and 
Colorado] a Cenomanian Dakota Sandstone rests un- 
conformably on the Aptian Cedar Mountain Forma 
tion or the Burro Canyon Formation and that equiva 
lents of the post-Aptian Lower Cretaceous beds are 
missing." Moreover, the thin fluvial deposits in the 
lower part of the Dakota were covered by the initial 
deposits of the transgressing Late Cretaceous Mancos 
sea.

Because the Dakota Sandstone is of Early Cretaceous 
age in the type area and in many other parts of its 
basin of deposition, the Upper Cretaceous Dakota Sand-

r^-"ir? ^f% &'   ;' '**" .< ^'-^^vsjr*'5 *
L ,«*^. ~3£*^\   -^-* ***$%>?" *

-

FIGURE 25. Contact between Dakota Sandstone and Mancos Shale. Northwest bank of ephemeral stream in SEMSEJ4 sec. 14, T. 11 S., R. 101 W. Dakota Sandstone: 
Kdi, carbonaceous shale and lignite; Kdz, lenticular crossbedded marine sandstone, 3-4 feet thick; Kda, tongue of lignite, 10 inches thick. Mpncos Shale: Kmi, tongue 
of olive-gray marine shale, l l,$ feet thick; Kmz, olive-gray marine thin-bedded sandstone and shale. Arrow points to contact mapped.
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stone of the Grand Junction area correlates with a host 
of named Upper Cretaceous units elsewhere, the details 
of which are complex and beyond the scope of this 
paper. (See Cobban and Reeside, 1952; Fisher, Erd- 
mann, and Reeside, 1960, p. 24.)

Water supply. The occurrence of ground water in 
the Dakota Sandstone and Burro Canyon Formation 
is discussed on p. 63, for the two formations are not 
readily separable in most drillers' logs. They are 
unimportant as sources of water and rank last among 
the four artesian aquifers of the area.

During the drilling of well 5, a pocket of natural gas 
was found in the top of the Dakota Sandstone at a 
depth of 718 feet. Despite precautions taken to keep 
fire away from the vicinity, the gas was ignited by a 
spark from the drill bit and the resulting explosion and 
fire consumed most of the wooden parts of the drilling 
machine and warped many of the metal parts. The 
gas, in noncommercial amount, probably was methane 
(marsh gas) from the carbonaceous material in the 
Dakota.

CONTACT BETWEEN DAKOTA SANDSTONE AND MANCOS SHAIE

In the Grand Junction area the contact between the 
Dakota Sandstone and the Mancos Shale appears to 
be conformable and gradational to the extent that in 
some places it is difficult to locate with certainty, and 
locally the two formations intertongue (fig. 25). The 
intertonguing relations shown in figure 25 suggest a 
transgression of the sea in late Dakota time and early 
Mancos time, which covered the coastal swamp with 
beach sand and then with deeper water mud, a slight 
regression of the sea that allowed the formation of 
another coastal swamp, and then a final transgression 
of the Mancos sea which allowed the accumulation of 
sand and mud.

MANCOS SHALE

Definition. The Mancos Shale was named by Cross 
(1899) for outcrops in the Mancos Valley and around 
the town of Mancos, in Montezuma County, Colo. It 
is the youngest pre-Quaternary formation in the Grand 
Junction area.

Character, distribution, and thickness. The Mancos 
Shale is a thick drab sequence of mainly fissile shale 
containing a few sandy zones and thin sandstone beds 
and some chalky shale. Some of the drillers' logs of 
wells indicate thin beds of limestone in the Mancos. 
The shale is largely olive gray to lead gray, but some is 
gray black and the chalky beds are light buff or cream 
colored.

The Mancos Shale underlies the entire Grand Valley, 
a large valley just to the east of the Gunnison River 
gorge, and forms most of the Book Cliffs and the base 
of towering Grand Mesa; it crops out along a narrow

belt and in patches in the Redlands just south of the 
Colorado River and in scattered patches west of the 
Gunnison River. The two large valleys owe their origin 
to the ease with which the thick soft Mancos Shale has 
been eroded.

Only the lower part of the Mancos is present in the 
area mapped. The middle part is mostly concealed 
beneath the soil of irrigated land in the Grand Valley 
but is largely exposed along the sides of partly dissected 
pediments in the large valley east of the Gunnison 
River that is traversed by U.S. Highway 50. The 
latter area contains the only good exposures of the 
Mancos in the area mapped. The excellent exposures 
of the upper part of the Mancos in the Book Cliffs and 
at the base of Grand Mesa are protected from rapid 
erosion by the capping basal beds of sandstone of the 
overlying Mesaverde Group (fig. 26).

The weathered surface of the Mancos Shale is in 
tricately carved and pitted by rain and rivulet erosion, 
which is strikingly displayed on the steep slopes of the 
Book Cliffs (fig. 26). When wet, the surface of the 
Mancos becomes sticky and very slippery, even though 
the very low permeability of the shale generally permits 
wetting to a depth of only a small fraction of an inch. 
Unimproved roads on the Mancos Shale become vir 
tually impassable when wet.

No sections of Mancos Shale were measured, and the 
thickness of the Mancos in the mapped area is not 
known. From logs of oil tests near Grand Mesa, the 
total thickness of the Mancos is reported to be about 
3,800 feet (A. D. Zapp, oral communication, Apr. 
1960). Wells 1 and 5 penetrated 643 and 638 feet of 
Mancos, respectively, and several other wells penetrated 
more than 300 feet. Probably not more than about 
700 feet of Mancos is present in the area mapped.

Conditions of deposition. The Mancos Shale is clearly 
of marine origin and contains marine fossils at many 
places. Some of the sandy or the thin sandstone beds 
in the Mancos are attributed by Young (1960a, p. 192, 
193) to slight uplifts above sea level in parts of the 
Colorado Plateau resulting in the shedding of coarser 
material from uplifted areas into adjacent parts of the 
Mancos sea. Young (1955, p. 182) also suggested that 
the Mancos was deposited as mud in the shallow water 
of the Late Cretaceous sea beyond the sand-mud transi 
tion line.

Age and correlation. The marine fossils collected 
from the Mancos Shale in and near the Grand Junction 
area (Weeks, 1925, p. 23-25; Fisher, Erdmann, and 
Reeside, 1960, p. 26-31) are all of Late Cretaceous age. 
The fossils and stratigraphic studies (Cobban and Ree 
side, 1952, chart lOb; Weimer, 1960, fig. 3; Fisher, 
Erdmann, and Reeside, 1960, table 1, p. 24) indicate 
that the Mancos in the Grand Junction area contains
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FIGURE 26. Mount Garfleld, a prominent point on the Book Cliffs. Looking north from U.S. Highways 6 and 24 west of Palisade. Slopes are Mancos Shale; ledge 
about halfway up slope is a landslide deposit; capping beds of sandstone at crest are basal beds of Mesaverde Group. Infrared photograph.

strata equivalent to units in eastern Colorado and 
western Kansas, including the Graneros Shale, Green 
horn Limestone, Carlile Shale, Codell Sandstone Mem 
ber of the Carlile, Niobrara Formation, and the lower 
part of the Pierre Shale. Similarly, such studies 
(Cobban and Reeside, 1952, chart lOb; Young, 1955, 
pi. 3; and Weimer, 1960, fig. 3) have shown the equiva 
lence of the Mancos in the Grand Junction area to 
Upper Cretaceous strata in several parts of central Utah. 

Water supply. In the Grand Junction area, as in 
most other places, the Mancos Shale is not water 
bearing. A few shallow wells in the Grand Valley have 
obtained small amounts of unconfined ground water 
from either the weathered zone of the Mancos or the 
alluvium filling former arroyos in the Mancos, or from 
both, but the water generally is of very poor quality 
owing to the high content of sodium sulfate and bicar 
bonate. The high content of salt in the Mancos is 
borne out by the many white efflorescent patches of 
alkali on both unirrigated and irrigated surfaces, the 
high salt content of return flow in ditches that drain

irrigated areas, and the abundance of salt grass and 
salt cedar along such drainage ditches.

In rural areas underlain by the Mancos Shale, virtu 
ally all domestic water and some stock water is hauled 
from the nearest public water supply or from some of 
the wells that tap the principal artesian aquifers de 
scribed above.

POST-MANCOS MESOZOIC AND TERTIARY EVENTS 

The post-Mancos Mesozoic and Tertiary events that 
affected the Grand Junction area were depositional, 
deformational, and erosional. Deposits of these ages 
that once covered the area and are still preserved to 
the north and east in the Uinta Basin section of the 
Colorado Plateaus Province have all been eroded from 
the mapped area; they will be discussed only briefly.

By the end of Mancos time the Grand Junction area 
was buried beneath thousands of feet of marine mud 
that was eventually compacted into about 3,800 feet 
of shale. Then began a series of uplifts slightly above 
sea level and subsidences slightly below sea level which

721-906 0-65 7
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resulted in the intertonguing of marine shale of the 
Mancos and littoral marine sandstone, lagoonal depos 
its, and coal swamps of the overlying Mesaverde Group. 
Young (1955, p. 199, 200) recognized several successive 
four-fold cyclothems of this type and several more com 
plex sequences which he called megacyclothems. Con 
tinued uplift caused the final withdrawal of the sea to 
the east, for the upper part of the Mesaverde Group 
is of continental origin, as are all subsequent deposits 
in and near the area. Northeast of Palisade the Mesa 
verde Group is about 2,300 feet thick (Young, 1960b, 
p. 85, 86). According to Hunt (1956a, p. 63), "At the 
close of Late Cretaceous time the area covered by the 
Colorado Plateau must have stood at, or near, sea level 
because it was a coastal plain."

The area was uplifted still higher at about the close 
of the Cretaceous, for part of the Mesaverde Group 
was removed by pre-Tertiary erosion (Erdmann, 1934, 
p. 64; Young, 1960b, p. 86) and an angular unconform 
ity at the base of the Tertiary has been noted in several 
parts of the Colorado Plateau to the south and west 
of the Grand Junction area (Hunt, 1956a, p. 57). 
Deformation that accompanied this uplift formed the 
ancestral San Juan Mountains to the southwest and 
several ranges of the Rocky Mountains to the east 
and northeast (Burbank, 1933, p. 283-288), and uplift 
of the Uinta Mountains and the Uncompahgre Plateau 
(arch) may have begun at this time or slightly later 
(Hunt, 1956a, p. 57, 75). In and near the Grand Junc 
tion area this uplift, erosion, and gentle deformation 
created a large inland basin in which were deposited a 
thin sequence of fluvial sediments of Paleocene age, 
formerly called "Plateau Valley beds" by Patterson 
(1936, p. 398), and the thick fluvial Eocene Wasatch 
Formation. These Paleocene beds later were included 
in the lower member of the Wasatch Formation by 
Donnell (1961). The combined thickness of the depos 
its now included in the Wasatch is about 5,500 feet in 
the middle of the Piceance Creek Basin, only about 
1,000 feet on the slopes of Lands End, the westernmost 
promontory of Grand Mesa, and probably was less than 
1,000 feet in the Grand Junction area, which was near 
the southern margin of the basin (John R. Donnell, 
oral communication, Apr. 1960). The "Plateau Valley 
beds" have yielded Titanoides and other primitive 
mammals of late Paleocene age (Patterson, 1939).

In early and middle Eocene time the northern part 
of the Colorado Plateau was downwarped to form a 
huge lake, called Uinta Lake or Green River Lake, the 
possible extent of which has been depicted by Hunt 
(1956a, fig. 56), who showed the ancestral Uncompahgre 
arch as a peninsula extending northwestward into this 
lake. In this large lake, which covered the north 
eastern part or perhaps all the Grand Junction area,

was deposited a thick sequence of very remarkable 
sediments known as the Green River Formation, includ 
ing papery shale, sandstone, marlstone, oolite, algae 
reefs, and many beds of lean to rich oil shale. The 
character, origin, and microfossils of this assemblage 
and the probable climate that prevailed during its 
deposition have been described by W. H. Bradley (1929, 
1931). Donnell (1957, p. 255) estimated that in the 
part of the Piceance Creek Basin northwest of the Colo 
rado River alone, the Green River Formation contains 
nearly one trillion barrels of oil, and later studies 
indicated an estimate of more than one trillion barrels 
(John R. Donnell, oral communication, Oct. 20, 1960). 
The Green River Formation is about 3,890 feet thick 
in the Piceance Creek Basin; it thins to not more than 
800 feet at Lands End, on the western tip of Grand 
Mesa, and probably was not more than 400 feet thick 
in the Grand Junction area, which was near the southern 
shore of ancient Uinta Lake (John R. Donnell, oral 
communication, Apr. 1960).

While Eocene deposits were accumulating in the 
Piceance Creek Basin in and northeast of the Grand 
Junction area, intrusion and extrusion of volcanic rocks 
occurred to the south and east of the area; these events 
are recorded by beds of tuff in the Green River Forma 
tion.

According to Hunt (1956a, p. 77), the Uinta or Green 
River Lake disappeared in middle Eocene time in part 
because of filling and perhaps in part because of uplift. 
Except for thick basalt flows of post-Green River age, 
remnants of which still cap Grand and Battlement 
Mesas and the Roan cliffs, this filling probably ended 
deposition for a long period of time in and near the 
Grand Junction area, but fluvial sediments of later 
Tertiary age were deposited in northern Colorado and 
Wyoming.

Renewed uplift and folding in many parts of the 
Colorado Plateau, including the Grand Junction area, 
occurred in post-Green River time, for the Green River 
Formation and underlying rocks were folded to form 
the Uinta and Piceance Creek structural basins and the 
intervening Douglas Creek anticline. According to 
John R. Donnell (oral communication, October 24, 
1960), beds of the Wasatch are vertical or slightly over 
turned along the Grand Hogback monocline at several 
places between Rifle and Meeker, and beds of the Green 
River dip as much as 25° in the northwestern part of 
the Piceance Creek basin about 10 or 15 miles east of 
Rangely, Colo. According to Larsen and Cross (1956, 
p. 244), the San Juan Mountain region also suffered a 
major deformation after the deposition of the Eocene 
beds, which they suggested probably occurred in early 
Miocene or Oligocene time. Although the Uncompahgre 
arch probably began to rise at about the close of the
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Cretaceous, it seems reasonable to assume that addi 
tional uplift and attendant folding and faulting of the 
Uncompahgre arch took place in post-Green River time 
when the Douglas Creek anticline and adjacent syn 
clinal basins were formed and the White River uplift 
was further raised with steepening of the Grand Hog 
back monocline. The monoclines and faults on the 
northeast flank of the northwestward-plunging Un 
compahgre arch, most of which traverse the Grand 
Junction area, are discussed under "Structure."

Events of Oligocene and Miocene times were not re 
corded in the Grand Junction area, except for the out 
pouring of lava sometime after the Green River deposi 
tion, but late Tertiary vulcanism occurred in the San 
Juan Mountains, in parts of central Colorado, and in 
distant parts of the Colorado Plateau. According to 
Larsen and Cross (1956, p. 62), no volcanic rocks were 
erupted in the San Juan Mountains region from early 
Paleocene time to about middle Miocene time, but 
eruptions began about middle Miocene time and con 
tinued intermittently into Quaternary time. Hunt 
suggested (1956a, p. 85 and fig. 61) that during late 
Miocene to middle Pliocene time the Colorado Plateau 
rose (epeirogenically), was tilted northeastward so as 
to impound drainage, and that sediments such as the 
Miocene(?) Browns Park Formation of northwestern 
Colorado were deposited in virtually all the basins and 
valleys of the Plateau. If any sediments were laid down 
in valleys of the Grand Junction area at this time or 
during any part of the Oligocene and Miocene interval, 
they were removed by subsequent erosion; the net 
effect of this interval on the area was extensive removal 
of older rocks by erosion.

Hunt (1956a, p. 67, 68) suggested that the course 
of the Colorado River from Rifle to Grand Junction 
could have been established by superposition on the 
lavas of post-Green River age, remnants of which now 
cap Grand and Battlement Mesas and the Roan Pla 
teau, and which presumably once covered a wide area; 
he also implied that the old course through Unaweep 
Canyon also resulted from this superposition. From 
studies farther upstream, Ogden Tweto (oral commu 
nication, May 1961) thought that the river may have 
been established prior to extrusion of the lavas, which 
seems to be a logical time for establishment of the old 
course of the river. The streams probably greatly 
deepened their channels without regard to hardness of 
rocks or underlying structure during the epeirogenic 
uplifts in late Miocene to middle Pliocene time. It 
seems likely that Unaweep Canyon was cut down to 
and probably into the Precambrian core of the Un 
compahgre Plateau during this interval (fig. 28A).

Hunt (1956a, p. 68) suggested further that the new 
course of the Colorado River between what is now

Grand Junction and the mouth of the Dolores River 
was established by superposition on deposits at least 
as old as the Browns Park Formation. However, this 
reach crosses and is cut into the Uncompahgre arch, 
which seems an unlikely place to expect a basin in 
which such material could have been deposited. In 
the section that follows I shall attempt to show that 
the piracy resulting in this new course of the river 
probably took place by normal headward erosion of a 
tributary in soft Mancos Shale, possibly aided by 
renewed uplift of the Uncompahgre arch.

LATEST TERTIARY AND EARLY QUATERNARY
EVENTS

Until perhaps Pliocene time, the Grand Junction 
area and adjacent parts of the Colorado Plateau con 
tinued to be eroded by the ancestral Colorado River 
and its tributaries, the courses of which had been pre 
viously established. Evidence that differential uplift 
of the Uncompahgre arch may have been renewed in 
Pliocene time was found by F. W. Cater (written com 
munication, Dec. 1960). Then, probably also in Plio 
cene time, occurred major drainage changes in the 
courses of the Colorado and Gunnison Rivers, followed 
by renewed uplift of the Uncompahgre arch, which 
together profoundly affected the later erosional pattern 
of the area and made possible the cutting of the Grand 
Valley and the magnificent canyons in and near the 
Colorado National Monument.

UNAWEEP CANYON

An anomalous deep canyon crosses the Uncompahgre 
Plateau between the towns of Whitewater and Gateway, 
Colo., known as Unaweep Canyon, the northeastern 
end of which is shown on plate 1. (See the Moab, 
Utah-Colorado, topographic map prepared by the 
Army Map Service.) The inner gorge of this can 
yon, which is cut in hard Precambrian rocks and 
is nearly vertical walled, is from 1,000 to 1,200 feet 
deep and from % to % mile wide in most places and 
nearly a mile wide locally. The entire canyon, includ 
ing the gentler sloping walls of the overlying Mesozoic 
sedimentary rocks, is about 2,000 feet deep just east of 
the crest of the Plateau where the width at the top of 
the canyon is about 4 miles. Later erosion by West 
Creek has deepened the canyon to 3,300 feet at the crest 
of the Plateau about 10 miles northeast of Gateway, 
where the width at the top is about 5 miles.

About 11 miles east of the crest of the Uncompahgre 
Plateau, in the southeast corner of T. 14 S., R. 100 W., 
is a very gentle drainage divide in the bottom of the 
steep-walled inner gorge. At the divide, Unaweep 
Canyon is about 1,000 feet deep. The crest of the 
divide has an altitude of about 7,000 feet and stands 
about 2,500 feet above Grand Junction and Gateway,
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on opposite sides of the Uncompahgre Plateau. From 
this divide, East Creek flows northeastward about 20 
miles to join the Gunnison River at Whitewater (fig. 
27) and West Creek flows southwestward about 25 
miles to join the Dolores River at Gateway. The two 
small streams are ephemeral near their headwaters, but 
become perennial farther downstream except for periods 
when their flows are diverted for irrigation.

That such an immense canyon could not have been 
cut by such small streams flowing in opposite directions 
was recognized as early as 1875 by A. C. Peale and 
Henry Gannett, members of the Hayden survey. They 
each correctly concluded that the canyon was cut by a 
large river which had since abandoned the canyon, but 
Peale (1877, p. 58, 59) attributed the cutting to the 
Gunnison River alone, whereas Gannett (1882, p. 785) 
attributed it to the Grand (Colorado) River. They 
both attributed the cause of the drainage change solely 
to renewed uplift of the Uncompahgre Plateau (arch), 
however, and did not mention the obvious additional 
possibility stream piracy.

In a brief guidebook article, Stokes (1948, p. 39 and 
fig. 9) suggested that Unaweep Canyon formerly was 
occupied by the Colorado River; he attributed the 
drainage change to piracy, with which I agree, but he 
did not tell the complete story which, I believe, involved 
two successive major piracies, renewed differential up 
lift of the Uncompahgre arch soon after the two major 
piracies, and at least one minor piracy (Lohman, 1961a).

Figure 28A shows my concept of the major drainage 
and topographic features just prior to the piracy of the 
ancestral Colorado River, and is similar to that of 
Stokes (1948, p. 39, fig. 9a). At this time, probably 
in the Pliocene, the river had cut more than 1,000 feet 
through Precambrian granite, gneiss, and schist in 
Unaweep Canyon. Because this was the hardest rock 
encountered by the degrading river between Glenwood 
Canyon, Colo., and Grand Canyon, Ariz., downcutting 
by the ancestral Colorado in and above Unaweep Can 
yon was greatly retarded for a long period of time. 
Not so with the tributary shown at the left, however, 
which, though carrying much less water than the master

FIGURE 27. Unaweep Canyon. Looking southwest from rim of inner gorge 5 miles northeast of drainage divide (see fig. 28Z>).
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FIGURE 28. Sketch maps of a part of western Colorado and eastern Utah showing probable drainage pattern and topographic features at four successive stages of develop 
ment. Solid drainage lines taken from Moab and Grand Junction, Utah-Colorado, topographic maps of the Army Map Service; dashed drainage lines are hypothet 
ical. A, just prior to piracy of ancestral Colorado River; B, after piracy of ancestral Colorado River and just prior to piracy of ancestral Qunnison River; C, after 
piracy of ancestral Qunnison River; and D, present drainage pattern, after renewed uplift of the Uncompahgre arch and piracy of East Creek.

stream, had only the soft Mancos Shale to cut. At 
this time the band of Mancos Shale extended much 
farther up the flanks of the northwestward-plunging 
Uncompahgre arch than at present, and some higher 
parts of the plateau may still have been covered by 
the Mancos. Note also that the ancestral Book Cliffs and 
Grand Mesa were then somewhat closer to the plateau.

PIRACY OF THE ANCESTRAL COLORADO RIVER

The tributary shown at the left on figure 28A con 
tinued to cut headward until only a low divide of shale 
separated it from the ancestral Colorado River. Then, 
probably during an unusually large flood, the ancestral 
Colorado breached its banks and spilled over into the 
headwaters of the tributary. With this enormously
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increased supply of water at its disposal, the tributary- 
cut down rapidly into the soft Mancos Shale, captured 
the waters of the ancestral Colorado, and isolated the 
ancestral Gunnison Kiver (fig. 28B). Note also that 
soon after capture of the ancestral Colorado, a tribu 
tary was cutting southward into the soft shale and was 
about to capture the ancestral Gunnison. The position 
of the three streams shown in figure 28-4 indicates that 
both rivers could not have been captured simultaneously. 

That the interval between piracies of the two rivers 
probably was short is suggested by the considerable 
differences in their downcutting abilities and discharge 
rates. The new channel of the ancestral Colorado was 
cut down rapidly through the soft Mancos Shale, 
whereas that of the ancestral Gunnison still lay in the 
hard Precambrian rocks in Unaweep Canyon. Assuming 
that the relative discharge rates, but not necessarily the 
actual rates, probably were similar to the present rela 
tive discharge rates, the ancestral Colorado probably 
carried about 64 percent of the former combined flow 
and the ancestral Gunnison about 36 percent (E. J. 
Tripp, oral communication based on 26 years of Geo 
logical Survey records, 1934-59; Dec. 27, 1960).

PIRACY OF THE ANCESTRAL GUNNISON RIVER

Figure 28(7 depicts my concept of what the drainage 
pattern may have been sometime after piracy of the 
ancestral Gunnison Kiver by the newly formed and 
rapidly downcutting ancestral Colorado River. The 
divide between ancestral East and West Creeks had 
had time to migrate from a point near the ancestral 
Gunnison River to the northeastern end of Unaweep 
Canyon, but was still migrating slowly southwestward. 
Meanwhile, ancestral North East Creek had cut its 
channel deeper and farther west, and a short tributary 
was cutting southwestward toward ancestral East Creek

At this stage in the development of the area, a super 
posed master stream and one of its larger superposed 
tributaries had been captured by a subsequent tribu 
tary, which in general followed the strike of the soft 
Mancos Shale around the end of the northwestward- 
plunging Uncompahgre arch; but other changes were 
to take place.

Additional evidence that Unaweep Canyon once car 
ried water from drainage basins east of the Uncom 
pahgre Plateau was afforded by F. W. Cater (written 
communication, Dec. 1960), who found basalt pebbles 
in high terrace gravel along West Creek about 4% miles 
above Gateway. He stated that "The gravels of the 
Dolores River and its terraces above Gateway seem to 
lack such pebbles at least none were found after con 
siderable search." He believed it likely that the ter 
race gravel containing basalt was deposited by ances 
tral West Creek rather than by the ancestral Colorado

River, probably from the reworking of older gravel de 
posited farther upstream by the ancestral Colorado. 
Inasmuch as basalt pebbles generally disintegrate fairly 
rapidly during stream transportation, it seems likely 
that those found near Gateway were derived from 
tributaries of the ancestral Colorado and Gunnison 
Rivers that drained nearby basalt-capped Grand and 
Battlement Mesas.

RENEWED UPLIFT OF THE UNCOMPAHGRE ARCH

The Uncompahgre arch seemingly was uplifted both 
before and after abandonment of Unaweep Canyon by 
the ancestral Colorado and Gunnison Rivers, and the 
earlier uplift may have aided the two stream piracies. 
F. W. Cater (written communication, Dec. 1960) called 
attention to the fact that the divide between East and 
West Creeks is about 2,500 feet higher than the Dolores 
River at Gateway. He believed that relatively little 
downcutting has taken place along this part of the 
Dolores and upstream areas since abandonment of Una- 
weep Canyon, that this gradient (about 100 feet per 
mile) is far greater than that likely to be found on any 
large river and, therefore, that most of this difference 
in altitude must be the result of differential uplift of 
the Uncompahgre arch after abandonment of Unaweep 
Canyon; as further supporting evidence concerning 
relatively recent uplift of the Uncompahgre Plateau, 
Cater cited the fact that the upland surface of the 
Plateau is eroded only to about the same stratigraphic 
level (Dakota Sandstone) as the adjoining mesas at 
much lower altitudes to the southwest (and to the north 
east) that is, the topographic and stratigraphic dis 
placements are about equal a condition not likely to 
exist if the last uplift had occurred much earlier. To 
this I might add that the higher parts of the Plateau 
have a relatively mature topography whereas the lower 
flanks on all sides, which have suffered postuplift 
erosion, have a very youthful topography. Before 
citing the evidence in and north of the Grand Junction 
area that supports and augments Cater's views, it seems 
desirable to attempt to determine the time of the uplift 
or uplifts, and hence also the time of the preceding 
stream piracies, by considering the evidence from nearby 
areas.

Atwood and Mather (1932, p. 25-27) presented evi 
dence that late in the Cenozoic Era the San Juan 
Mountains underwent several successive episodes of 
uplift and crustal warping, the first of which marked 
the transition from Pliocene to Pleistocene time. Shoe 
maker (1954, p. 66) cited evidence of renewed deforma 
tion at about the same time in the Defiance and Zuni 
uplifts. Although the evidence in and near the Grand 
Junction area is less complete than that in the San 
Juan Mountain region, it seems probable that the re-
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newed uplift of the Uncompahgre arch occurred at 
about the same time as the deformation in the San Juan 
Mountains latest Pliocene or earliest Pleistocene; that 
the two major stream piracies occurred before, in the 
Pliocene; and that additional uplift may have occurred 
during Pleistocene time. I agree with C. B. Hunt 
(written communication, July 1964) that renewed up 
lift probably caused homoclinal shifting of the ancestral 
Colorado River down the dip of the northwestward- 
plunging Uncompahgre arch. If so, the position of the 
ancestral Colorado River in Ruby and Westwater 
Canyons should have been drawn somewhat to the 
southeast of where they are placed in figure 28A-C. 

The divide between East Creek and West Creek, 
noted by Cater as being about 2,500 feet above the 
Dolores River at Gateway, is also about the same 
height above the Colorado River at Grand Junction, 
the evidence on the southwestern side cited from Cater 
for renewed uplift of the Uncompahgre Plateau applies 
equally well, therefore, to the northeastern side. I am 
in agreement with Cater that most of the uplift seems 
to have occurred along faults and faulted monoclines 
bordering the southwestern and northeastern sides of 
the Plateau, but some of the uplift probably occurred 
also by additional tilting of strata. That the uplift of 
the Plateau was fairly uniform and that both flanks 
were deformed about equally is suggested by the fact 
that the gradient of West Creek for the first 2% miles 
west of the divide (Peale, 1877, p. 58), which I believe 
is virtually unchanged since abandonment by the an 
cestral Colorado and Gunnison Rivers, is the same as 
that of the Colorado River between Grand Junction 
and the mouth of the Dolores River about 4.4 feet 
per mile.

It is not certain how much of the 2,500 feet suggested 
by Cater is due to renewed localized uplift of the 
Uncompahgre arch and to normal erosion since the 
major piracies and the uplift or uplifts. Scattered bits 
of information in and northeast of the Grand Junction 
area suggest certain possible answers. In the absence 
of detailed topographic maps and detailed study of 
areas to the northeast, it is difficult to fit all the pieces 
together, but an attempt will be made.

Remnants of dissected pediments are well preserved 
along the south side of the Colorado River valley 
between Silt and De Beque, Colo. These pediments, 
which were cut on the Eocene Wasatch Formation and 
are veneered with surficial deposits, are known locally 
as mesas, and represent at least two former relatively 
mature valley levels that have since been cut off ab 
ruptly on the north side by the Colorado River. The 
abrupt northern edges of Grass Mesa and Taughen- 
baugh Mesa, respectively south and southwest of Rifle,

stand 800 and 400 feet above the Colorado River, but 
if the pediment surfaces are projected northward at 
the same slope, the projections are 600 and 300 feet 
above the river. 10 Similarly, the northwestern edges 
of High Mesa south of the town of Grand Valley and 
a lower mesa east of De Beque stand about 1,050 and 
625 feet, respectively, above the river, but projected 
surfaces stand about 650 and 350 feet above the river. n 
Before dissection, the pediments probably had slightly 
concave upward surfaces rather than linear slopes; 
thus the actual heights above river level probably were 
greater than indicated above and may have been 600 
to 800 and 300 to 400 feet, respectively. Locally one 
or more lower pediments are visible, and there is evi 
dence of at least one higher pediment.

It is possible that the well-developed pediments 600 
to 800 feet above the present river represent a mature 
valley formed while the ancestral Colorado River was 
temporarily base-leveled by the hard Precambrian rocks 
in Unaweep Canyon and that, after the two major 
stream piracies in Pliocene time, dissection of this 
surface began by the accelerated downcutting of the 
river. Ruby and Westwater Canyons (fig. 28Z>) also 
have been cut about 600 to 800 feet below the Uncom 
pahgre Plateau.

Finally, another mature valley seemingly was devel 
oped at the level of the pediments now 300 to 400 feet 
above the present river. Dissection of this lower valley 
surface may have been caused by slight epeirogenic 
uplift that accompanied the greater local renewed up 
lift of the Uncompahgre arch in late Pliocene or early 
Pleistocene time. Of course, the two old valley levels 
may have been dissected as a result of two successive 
periods of uplift, major climatic changes, or other 
causes. The possible causes postulated above, however, 
seem to be more in keeping with the available evidence. 
The less well-preserved pediment above the 600- to 
800-foot level may reflect an earlier uplift (Pliocene?), 
and those below the 300- to 400-foot level may reflect 
later uplifts during Pleistocene time.

In the Grand and Gunnison River valleys of the 
Grand Junction area are several levels of well-preserved 
pediments cut on the Mancos Shale, the most striking 
of which are in the Gunnison River valley between 
Delta and Grand Junction, and which are capped with 
about 15 feet of basalt cobbles derived from Grand 
Mesa. The higher pediments, at altitudes of about 
6,000 feet, are too far from the Colorado or Gunnison 
Rivers to determine the projected heights above the 
present river level, but they may be correlatives of the 
600- to 800-foot surface near Rifle and Grand Valley.

u> See U.S. Geological Survey topographic map of the Rifle 7H-minute quadrangle. 
11 See U.S. Geological Survey topographic map of the Grand Valley 15-minute 

quadrangle.
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A remnant of a well-preserved lower pediment, which 
now contains a small airfield, is along the drainage 
divide just south of Orchard Mesa. This pediment 
represents an old valley level about 500 feet above the 
present Colorado River and may be correlative with 
the lower 300- to 400-foot level farther up the Colorado 
River. Because it lies athwart the supposed course of 
the ancestral Colorado River shown by a dashed line 
in figure 28A, all that can be said of this surface with 
reasonable certainty is that it was formed after the two 
major stream piracies.

The ledge about halfway up the slope of Mt. Garfield, 
shown in figure 26, was examined by John H. Stewart 
(written communication, Dec. 29, 1961), who found it 
to be a remnant of an old landslide deposit consisting 
of jumbled masses of Mancos Shale and sandstone from 
the overlying Mesaverde Group. He found that the 
base of these deposits rests on a flat, nearly horizontal 
surface of Mancos Shale that suggests the surface of an 
earlier valley. This surface is now about 400 feet 
above the Colorado River and seems to be correlative 
with the 300- to 400-foot level just discussed. Inas 
much as the Book Cliffs have receded northward since 
this old surface was dissected, the landslide deposits 
doubtless once extended farther south and to a some 
what lower level.

Most of the youthful topography on the northeastern 
flank of the Uncompahgre Plateau, including the deep 
cliff-walled canyons of Colorado National Monument, 
lies within about 1,700 feet above the present Colorado 
or Gunnison Rivers. This interval may include the 
600 to 800 feet of erosion since the formation of the 
higher pediments upstream and 900 to 1,100 feet of 
additional uplift on the northeastern flank of the Un 
compahgre arch. Similarly, the difference in altitude 
of 2,500 feet between the divide in Unaweep Canyon 
and the river at Grand Junction may include 600 to 
800 feet of erosion and 1,700 to 1,900 feet of additional 
uplift near the axis of the Uncompahgre arch.

QUATERNARY EVENTS AND DEPOSITS 

PIRACY OF EAST CREEK

Ample evidence indicates that, after the two major 
stream piracies, ancestral East Creek joined the ances 
tral Gunnison River along the course shown in figure 
28C, but that later, probably in the Pleistocene, East 
Creek was captured by a tributary of North East Creek 
to form the present drainage pattern shown in figure 
28D (fig. 29).

A small patch of terrace deposits containing cobbles 
and pebbles of basalt, quartzite, granite and other 
crystalline rocks covers the crest of a small hill in 
Cactus Park in the NE% NWtf sec. 6, T. 14 S., R. 99 W. 
This material is about 800 feet below the divide in

Unaweep Canyon, and therefore it probably was not 
deposited by the ancestral Colorado or Gunnison Rivers. 
At least the basalt and probably also the other rock 
types, however, were brought into Unaweep Canyon 
by these rivers; later, they probably were reworked and 
carried back to the northeast by ancestral East Creek 
when it flowed generally northeastward and locally 
southeastward through what is now a broad alluviated 
valley known as Cactus Park. The terrace deposits 
are now about 200 feet above the new channel of East 
Creek 0.6 mile to the west.

A very gentle divide in the NEX sec. 16, T. 14 S., R. 
99 W. now separates the two parts of beheaded ances 
tral East Creek, one part draining westward to East 
Creek and the other draining first southeastward then 
northeastward to the Gunnison River. The divide is 
in Cactus Park, which is rimmed on the north by a steep 
slope of the Morrison Formation capped by the Burro 
Canyon Formation and Dakota Sandstone (fig. 29). 
This broad valley or park formerly occupied by ances 
tral East Creek and believed to mark also the approxi 
mate former course of the ancestral Gunnison River 
(fig. 28^4, B) is at least in part of structural origin, as 
it is just south of the East Creek monocline.

Additional evidence of this piracy and of renewed 
uplift of the Uncompahgre arch is afforded by changes 
in gradient along East and North East Creeks. From 
the divide in Unaweep Canyon to the SWX sec. 1, T. 
14 S., R. 100 W., East Creek has a gradient of about 
80 feet per mile. In the 2-mile alluviated stretch of its 
canyon below this point, the gradient is only about 50 
feet per mile, but in the next 2 miles extending to its 
confluence with North East Creek, the gradient is 
about 350 feet per mile. From this confluence to the 
mouth, North East Creek has a gradient of about 110 
feet per mile. The reach of East Creek having a gra 
dient of about 350 feet per mile is the former tributary 
of ancestral North East Creek that captured East 
Creek (fig. 28 D). It seems likely also that the steep 
gradient of this 2-mile reach and the reach below was 
caused at least in part by the preceding renewed uplift 
of the Uncompahgre arch.

Studies of the alluvium in East Creek canyon in sec. 
1, T. 14 S., R. 100 W., by Hunt (1956b, p. 66; see 
middle of fig. 29) made in connection with an archae 
ological investigation of the Taylor site in this canyon 
(p. 79) afford some evidence that the piracy of East 
Creek probably occurred in Pleistocene time. He indi 
cated three successive deposits of alluvium: (1) The 
oldest and thickest alluvium is compact, clayey, and 
limy, and contains fresh water shells; its top is about 
25 feet above the creek; (2) an intermediate sandy 
alluvium that fills a wide deep arroyo cut into (1) and 
that overlies (1) to depths of 1 to 10 feet; and (3) the
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FIGURE 29. Oblique aerial photograph of the mouth of Unaweep Canyon, looking northeast. A, East Creek; B, former course of East Creek and Gunnison River, in 
Cactus Park; C, new course of East Creek; D, terrace deposits containing pebbles and cobbles of basalt; and E, Gunnison River. Lower slopes of Grand Mesa in 
background. Geologic features may be identified by comparison with appropriate part of plate 1, viewed toward the northeast. Scale variable. Photograph by 
Master Sergeants M. M. Friedman and C. M. Fetterman, Lowry Air Force Base, U.S. Air Force.

youngest gravelly and sandy alluvium that fills to a 
depth of about 6 feet an arroyo cut into (2). Hunt 
believed (1) to be late Pleistocene in age, (2) to be pre- 
Christian era in age, and (3) to be early historic in age. 
If the oldest alluvium, laid down after the new course 
of East Creek had cut down about 200 feet, is of late 
Pleistocene age, the piracy must be older, possibly 
early or middle Pleistocene.

Glade and East Parks are mature surfaces at com 
parable altitudes and are just above and south of the 
principal folds and faults and the youthful canyons, 
some of which have been cut several hundred feet 
below this surface. Possibly these surfaces were formed 
at the time the higher pediments 600 to 800 feet above 
the present river were formed. The canyons southwest 
of the major folds and faults have gentle gradients,

caused in part by temporary base leveling of many of 
the canyons on the hard Precambrian rocks. Alluvium 
was deposited in some of these canyons, including the 
upper parts of Monument and No Thoroughfare Can 
yons, the lower part of Ute Canyon, and the part of 
East Creek Canyon just described. This temporary 
base leveling and alluviation may have occurred at the 
time the lower pediments 300 to 400 feet above the 
present rivers were formed. If Hunt's dating of the 
older alluvium is correct, a late Pleistocene age for the 
lower surface is suggested.

The abrupt steepening of stream gradients along the 
major faults and folds could be explained either by 
renewed folding and faulting after the lower surface was 
formed or by the exhuming of previously formed struc 
tures by later erosion. It is not known how much of
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the major folding and faulting was post-Green River 
and pre-Pliocene and how much was Pliocene or latest 
Pliocene-earliest Pleistocene, but it seems unlikely that 
significant movement could have occurred after the 
lower level was formed, for competent beds, such as the 
Wingate Sandstone, are bent along the monoclines with 
out significant breakage. The facts that hard Pre- 
cambrian rocks are at or near the surface in the canyon 
bottoms just southwest of the major faults and folds, 
and softer sedimentary rocks are just to the northeast, 
could explain the steepened stream gradients across the 
structures by the more rapid erosion of the softer rocks.

CANYON CUTTING

After the two major stream piracies and the renewed 
uplift or uplifts of the Uncompahgre arch, rugged cliff- 
walled canyons were cut along the flanks of the arch. 
In the Grand Junction area, most of these canyons are 
within the interval about 1,700 feet above the Colorado 
or Gunnison River, but some are within an interval 
about 2,000 feet above these rivers. The most spec 
tacular canyons are in and near Colorado National 
Monument (pi. 1). These canyons are in a youthful 
stage of development and are still being cut headward.

Inasmuch as most of these canyons are occupied only 
by small ephemeral streams having small drainage areas, 
the question might be asked as to how such large, deep 
canyons could have been cut by small streams that 
carry water only for short periods after heavy rains or 
rapid snow melts. The actual cutting seems to be 
largely the result of several other processes of erosion; 
the streams are involved mainly as sewers in which the 
products of other forms of erosion are carried to the 
Colorado River and thence to Lake Powell (earlier, 
Lake Meade, and the Gulf of California).

In the Grand Junction area, as in other parts of the 
Canyon Lands section of the Colorado Plateaus Prov 
ince, the character of the canyon walls seems to be 
governed by several factors: the climate, which in turn 
is dependent upon the altitude; the character and hard 
ness of the rocks; the presence or absence of joints; the 
relative positions of layers of hard and soft rocks; 
freezing and thawing; and the amount of sunshine the 
canyon walls receive. In the Grand Junction area, 
two principal types of canyons are affected by some or 
all these factors, but the canyons differ geologically and 
morphologically: (1) the generally U-shaped cliff-walled 
canyons in and adjacent to the Colorado National 
Monument, which are floored with Precambrian rocks 
or the Chinle Formation and whose steep to vertical 
walls are formed by the Wingate Sandstone, not the 
Navajo Sandstone, as indicated by Buss (1956, p. 20), 
and locally also by the overlying Kayenta Formation 
and Entrada Sandstone; and (2) the generally V-shaped

canyons in the southeastern part of the area that are 
cut in or through the soft Morrison Formation beneath 
a dip slope capped by the more resistant Burro Canyon 
Formation and Dakota Sandstone.

The U-shaped cliff-walled canyons are in an arid to 
semiarid climate, where the annual precipitation ranges 
from less than 10 to a little more than 10 inches per 
year (p. 11). When first cut, the canyons are narrow 
gorges having steep gradients, but when the flat sur 
face of the old erosion surface on the hard Precambrian 
rocks is reached in places of low dips, downcuttmg is 
arrested, the gradient is lessened, and the cliff walls 
tend to recede from the stream, leaving a cliff-walled 
almost flat-bottomed canyon. Recession of the cliffs 
of Wingate Sandstone is caused in part by undercut 
ting of the soft underlying siltstone of the Chinle For 
mation by wind and locally by streams, which allows 
slabs of the overlying sandstone to fall, disintegrate, 
and be carried away as sand by the streams. The 
Wingate forms vertical or nearly vertical cliffs only 
where protected above by the more resistant lower 
sandstone lenses of the Kayenta Formation and where 
the Wingate faces in a direction toward the sun most 
of the year generally southward, southeastward, or 
southwestward. The Entrada Sandstone forms a sec 
ondary line of lower cliffs above the bench of the 
Kayenta Formation around many of the canyons, but 
locally the Wingate, Kayenta, and Entrada form a 
single cliff on sun-facing exposures (fig. 10).

As pointed out by W. C. Bradley (1958) and some 
earlier workers, exfoliation of cliff faces along joints 
parallel to the cliffs but not related to regional struc 
ture or jointing may result from expansion of thin lay 
ers of rock after the sideward release of confining pres 
sure from the weight of overlying rocks. Such a process 
may be effective but does not seem to have been the 
sole cause of the vertical-walled cliffs in or near the 
Grand Junction area because the sun-facing cliffs are 
vertical to nearly vertical, whereas many northward- 
facing cliffs bearing equal loads of rock are low-angled 
enough to hold talus and to be climbed (fig. 30). 
These facts suggest that other processes must be re 
sponsible, at least in part, for the nearly vertical sun- 
facing cliffs.

The summer sun heats the cliff faces until they are 
hot to the touch, but the cliffs cool rapidly at night. 
In the winter the southward-facing cliffs are likewise 
alternately heated and cooled, but the northward-facing 
cliffs receive little or no sun. This alternate heating 
and cooling, called insolation, has been held to cause 
alternate expansion and contraction of layers of rock 
parallel to the cliff faces that break off by exfoliation, 
but this process has been considered by others to be 
ineffective as a cause of rock weathering (Blackwelder,
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1933, p. Ill, 112). Heating and cooling of rocks in 
the laboratory reported thus far has been tried mainly 
on granite (Tarr, 1915; Griggs, 1936, p. 796), for which 
repeated dry heating and cooling had no effect until 
temperatures much higher than sun-heated surfaces 
were reached. Repeated wetting and drying of marble 
and other rocks seem to have been more effective in 
causing rock disintegration (Blackwelder, 1933, p. 103), 
and repeated cycles of heating and then cooling by a 
fine spray of water caused noticeable disintegration of 
granite within 10 days, including "cracks of the exfolia 
tion type" (Griggs, 1936, p. 795). Summer thunder- 
showers that fall upon sun-heated cliff faces in the 
Grand Junction area, therefore, may assist in the 
weathering process.

If incipient exfoliation cracks are formed by pressure 
release or possibly by insolation of moist cliff surfaces 
or other causes, repeated freezing and thawing may be 
chiefly responsible for prying loose thin slabs of rock to 
produce the nearly vertical, generally sun-facing cliffs. 
In the winter the sun-facing cliffs may be heated to 
temperatures well above freezing by day, then cooled 
to below freezing temperatures at night. Inasmuch as 
the rocks and the mesa surfaces dip northeastward, 
southward-facing cliffs generally receive less drainage 
than northward-facing canyon walls; however, even 
small amounts of water from melting snow above would 
be sufficient to allow this daily prying action by frost 
in cracks or in the outer wetted layers of porous sand 
stone. On the contrary, the generally northward-facing 
canyon walls are in deep shadow during much of the 
winter, and even though such slopes receive and hold 
more water, they remain frozen during long cold spells 
and usually do not undergo daily repetitions of freezing 
and thawing.

The generally northward-facing canyon walls receive 
much more runoff, retain snow and moisture for long 
periods, may remain frozen for long periods, undergo 
solution and chemical weathering, and generally weather 
into steep to gentle slopes that hold at least thin patches 
of talus. Some of the gentler slopes develop soil and 
hold sparse vegetation. Many of the northward-facing 
slopes are gentle, whereas the opposite walls of the 
same canyons generally are inaccessible vertical cliffs. 
The contrast between southeastward- and northwest 
ward-facing canyon walls of Red Canyon is shown in 
figure 30, and the contrast is still greater in canyons 
having more nearly northward- and southward-facing 
walls.

Sideward recession of the cliffs in North and East 
Entrances of Monument Canyon left but a narrow wall 
separating two canyons. The wall was later breached 
in two places and a central pier known as Independence

Monument (fig. 2) was left. This erosional remnant 
also will eventually disappear.

In some parts of the area, closely spaced groups of 
monoliths are separated by vertical joints along which 
weathering proceeded more rapidly. The Coke Ovens 
(fig. 7) and Pipe Organ (fig. 2) in Colorado National 
Monument were formed in this manner.

At higher altitudes, where precipitation is greater 
and the climate ranges from semiarid to subhumid, the 
effects of moisture, vegetation, and chemical weathering 
become predominant and all canyon walls tend to be 
less abrupt.

At the lower altitudes of the Grand Junction area, the 
siltstone and mudstone of the Morrison Formation 
weather rapidly into almost barren badlands, but at 
higher altitudes the weathered slopes are covered by 
brush and timber. Canyons in the southeastern part 
of the area, such as the lower parts of Ladder Creek, 
Bangs, North East Creek, and Gunnison River canyons 
have cut into or through the Morrison and Summerville 
Formations to form V-shaped canyons rimmed by 
nearly vertical cliffs of the Burro Canyon Formation 
and Dakota Sandstone, both of which are dominantly 
sandstone in this part of the area. The steep walls of 
these canyons are strewn with very large to small 
blocks of sandstone that have fallen from the cliffs 
above. Because these blocks are much more resistant 
to erosion than those of the Wingate and Entrada 
Sandstones, which disintegrate rapidly, they tend to 
protect the canyon walls from additional erosion.

MINOR STREAM PIRACIES

In addition to the piracies of the Colorado and Gunni 
son Rivers and of East Creek, several piracies of small 
ephemeral streams have taken place in and near the 
Grand Junction area, and the stage is set for others to 
take place in the future. Most of these piracies seem 
to have occurred in the eastern half of the area along 
streams that have breached the Burro Canyon Forma 
tion and Dakota Sandstone to form the caprock of the 
dip slope, and have then cut into the underlying 
Morrison Formation.

One such piracy has taken place at about the middle 
of sec. 33, T. 12 S., R. 100 W.; the details of this 
piracy are shown in the upper part of the left stereo 
scopic pair in figure 36. Note that the captured stream 
has cut down to a lower level than the next stream 
to the right, which ultimately will be captured also.

The trellis pattern of Bangs Canyon may have in 
volved some minor piracies long ago, but no evidence 
for this was found. More likely this pattern has a 
structural control, which may be a northwestward- 
trending joint or group of joints. A careful search for 
a northwestward-trending fault was made both in the



78 GEOLOGY, ARTESIAN WATER SUPPLY, GRAND JUNCTION AREA, COLORADO

FIGUEE 30. Red Canyon, Colorado National Monument. Looking northeast from Red Canyon Overlook. Canyon mouth frames Grand Junction; Battlement and 
Grand Mesas form left and right skylines. Note nearly vertical southeastward-facing clifl on left, more subdued northwestward-facing slopes on right.

field and on steroscopic pairs of aerial photos, but no 
displacement could be found.

East and North Entrances of Monument Canyon are 
now separated only by two low divides and, because 
East Entrance has a much larger drainage basin, it 
may eventually capture some of the drainage of North 
Entrance.

TERRACE DEPOSITS

Terrace deposits cap many of the bluffs along the 
Colorado River Valley in the Redlands northwest of 
the bridge carrying Colorado Highway 340, and also 
cap the part of Orchard Mesa generally north of Orchard 
Mesa Canal 2. The deposits include coarse gravel and 
small cobbles, but very few exposures are available 
from which to study the material. The contact between 
the terrace deposits and underlying bedrock is visible 
only in a few artificial cuts; elsewhere gravel from the 
deposits covers the contacts and much of the bedrock 
below. For this reason, and because they are unim 
portant as sources of water, the terrace deposits were 
considered "transparent," and only the underlying 
bedrock formations are shown on plate 1.

The deposits on the Redlands have been drained on 
several sides, hence contain little or no water. The 
more extensive terrace on Orchard Mesa is irrigated, 
and contains some return flow from irrigation. The 
water is too highly mineralized for most uses, and no 
shallow wells were observed.

Terrace gravel is shown on plate 1 only in sec. 6, 
T. 14 S., R. 99 W. This small patch was mapped 
because of its importance in deciphering the capture 
of East Creek; the gravel is described on page 74.

PEDIMENTS AND PEDIMENT DEPOSITS

The pediments cut on the Mancos Shale in and east 
of the northeastern part of the area, and the deposits 
they contain, were noted on page 73.

Much of the Redlands underlain by the Morrison 
and Summerville Formations is a pediment cut mainly 
on the Morrison but in part on younger formations. 
The surficial deposits are very thin in most places and 
absent entirely in many places, so the deposits were 
considered "transparent" and are not shown on plate 1. 
Parts of the pediment have a thin soil that is used for 
crops or orchards.
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LANDSLIDE DEPOSITS

Landslide deposits occur in many places in the area, 
particularly in and below steep slopes underlain by the 
Morrison Formation, but only those large enough to 
cover extensive areas of older formations are shown in 
plate 1. Those shown in and west of Colorado National 
Monument are jumbled masses of the Morrison. Those 
in Ladder Canyon are made up largely of Precambrian 
and Triassic rock and include some talus from these units.

ALLUVIUM

Only the principal deposits of alluvium are shown on 
plate 1. Not shown are narrow strips of thin alluvium 
along some of the tributary streams and a veneer of 
soil over large areas in Glade and East Parks and the 
Grand Valley.

The patches of alluvium shown in the upper ends of 
Monument and No Thoroughfare Canyons and the 
lower part of Ute Canyon may be correlative in age 
with that in East Creek Canyon (p. 74, 75), where Hunt 
(1956b, p. 66) found three stages of alluvium which he 
believed ranged in age from late Pleistocene to early 
historic. Arroyos similar to the ones mentioned by 
Hunt are found in the alluvium of No Thoroughfare 
Canyon, but the alluvium in Monument and Ute 
Canyons has not been dissected as deeply.

ARCHAEOLOOY

Considerable evidence indicates that the Grand Junc 
tion area was inhabited by prehistoric people. Two 
sites in the area and one just outside the area have 
been explored and named, and several other known 
sites remain to be explored.

The Taylor site (Wormington and Lister, 1956, p. 
35-64) is on the Alva Taylor Ranch in Unaweep Can 
yon, in the NWK sec. 1, T. 14 S., R. 100 W. The 
artifacts were found in alluvium in front of and beneath 
an overhanging ledge of the Wingate Sandstone. Six 
hearths, a core biface, knives, scrapers, drills, choppers, 
hammerstones, milling stones, handstones, bone awls, 
tubular bone beads, projectile points, animal bones, and 
charcoal were found. No pottery was found in the 
deposits, but sherds of more recent age used by Ute 
Indians were found nearby. The age of the alluvium 
is discussed on pages 74, 75.

The Alva site (Wormington and Lister, 1956, p. 
69-77) is 2 miles southwest of the Taylor site in a 
tributary canyon on the west side of Unaweep Canyon, 
just southwest of the map border. Artifacts found 150 
feet above the canyon bottom at the base of a cliff of 
Wingate Sandstone included projectile points, knives, 
drills, milling stones, handstones, petroglyphs, and bits 
of fur, hide, split fiber, and string, but no pottery.

The two Little Park Caves (Wormington and Lister, 
1956, p. 119-122), excavated by Al Look, of Grand 
Junction, are near the head of No Thoroughfare Can

yon at the base of a cliff of the Wingate Sandstone in 
the NEX sec. 29, T. 13 S., R. 101 W. Mr. Look ob 
tained projectile points, knives, milling stones, manos, 
awls, part of a sandal, part of a coiled basket, reed 
matting, corn cobs, corn, acorns, and animal bones, 
but no pottery.

The three sites that have been explored and studied 
seem to belong to a variant of the Desert Culture named 
the Uncompahgre Complex that may date back to the 
first few millenia preceding the beginning of the Chris 
tian era (Wormington and Lister, 1956, p. 81).

Look (oral communication, Apr. 11, 1960) has found 
other caves and sites in the area that have not yet been 
excavated, including several other caves in No Thor 
oughfare Canyon in sec. 28, T. 13 S., R. 101 W., near 
the Little Park Caves; several caves in Ladder Canyon 
in sec. 36, T. 12 S., R. 101 W.; and several hearths, 
bits of charcoal, and scattered artifacts on top of the 
mesa in the eastern part of the same section.

Well-preserved petroglyphs have been found on a 
slab of Wingate Sandstone on the southeast side of 
No Thoroughfare Canyon in the SE^NEK sec. 31, T. 
1,S., R. 1 W. Ute P.M. (Pat H. Miller, Chief Park 
Naturalist, Colorado National Monument, written 
communication, Dec. 1961).

RECENTLY INHABITED CAVES

There are three adjacent large caves at the base of 
the cliff of Wingate Sandstone on the north wall of a 
canyon containing a tributary of Clarks Wash, in the 
northern part of sec. 27, T. 12 S., R. 102 W., along the 
main road about 3 miles west of Glade Park Post Office. 
The middle cave, which contains a small one-room 
frame house and other improvements, was occupied for 
about 40 years prior to 1958 by Mrs. Laura Hazel 
Miller (fig. 8), after which the aged lady moved to 
Grand Junction to live with her daughter. A large 
cave just to the west was used to store boxes, cartons, 
and household goods, and another large cave just to 
the east formerly was fenced to shelter domestic ani 
mals. Mrs. Miller lived alone most of this time, but 
had a dog for companionship the last few years she 
inhabited the cave.

Mr. Look (oral communication, Apr. 11, 1960) thinks 
it likely that these caves may have been inhabited by 
prehistoric people.

POSSIBLE FUTURE STREAM PIRACIES 
After abandoning its course in the hard Precambrian 

rocks of Unaweep Canyon, the Colorado River once 
again has cut down about 15 feet into the hard Pre 
cambrian rocks at two places in Ruby Canyon, just 
east of the Utah State line (fig. 28D) , and has cut into 
these rocks in Westwater Canyon, in Utah. The south 
side of the Gunnison River has also reached Precam-
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brian rocks at the mouth of Dominguez Creek (fig. 28D). 
Thus, once again, downcutting by the two rivers is 
being retarded by hard rocks. In the future, when 
Ruby and Westwater Canyons have developed deep 
inner gorges in hard rocks similar to that of Unaweep 
Canyon, and the Book Cliffs and adjacent belt of 
Mancos Shale have retreated farther to the north, Ruby 
and Westwater Canyons may be abandoned through 
capture of the Colorado River by a subsequent tribu 
tary cutting around the northwestward-plunging Un- 
compahgre arch. Similarly, when a deep gorge in 
Precambrian rocks has been cut by the Gunnison, a 
tributary, such as Indian Creek or Kannah Creek, could 
cut headward to the east of the canyon and capture 
the Gunnison above the Canyon. Of course, other 
possible future events, such as renewed mountain build 
ing or pronounced climatic changes, could alter, hasten, 
or prevent such events.

GEOLOGIC STRUCTURE 

GENERAL FEATURES

The principal geologic structures in or near the Grand 
Junction area are the Uncompahgre arch, a northwest 
ward-plunging anticline whose axis is at the crest of 
the Uncompahgre Plateau and Pifion Mesa, a few 
miles to the southwest; and the Piceance Creek basin, 
a broad deep synclinal basin whose axis crosses the 
Colorado River at the town of Grand Valley. The 
Grand Junction area occupies a part of the north 
eastern flank of the Uncompahgre arch in which the 
rocks dip gently to the northeast.

The northeastern flank of the Uncompahgre arch is 
deformed by a series of major monoclines and faults 
generally parallel or nearly parallel to the northwest 
ward-trending arch, and by some minor folds and faults 
that trend in various directions. These structural fea 
tures have been given the names shown in plate 1 to 
assist in their identification and description. Some 
evidence of several successive periods of deformation 
was found, but many of the details are obscure.

Kelley (1955, p. 801) defined a monocline as "* * * a 
double bend involving a local steepening in otherwise 
less steeply inclined layers," and noted (p. 793) that 
monoclines are the principal structural features of the 
Colorado Plateau. Most of the features of monoclines 
listed by Kelley (p. 794, 795) as characteristic for the 
Colorado Plateau are characteristic also for the Grand 
Junction area, except the general form of asymmetrical 
monoclines as noted below.

12 Kelley (1955, p. 791, 792) has followed the usage of Busk (1929, p. 7) in terming 
the upper part of a monocline an anticlinal bend and the lower part a synclinal bend. 
I am opposed to such usage because there is a reversal in direction of dip in both 
anticlines and synclines, whereas in a monocline there is no change in direction but 
merely a double change in the amount of dip.

The major monoclines in the Grand Junction area 
are asymmetrical, but some of the minor monoclines 
are symmetrical. The asymmetrical monoclines all 
have a sharp upper bend 12 (convex upward) whose 
axis can be mapped, and a gentle lower bend (concave 
upward) whose axis generally cannot be accurately 
placed. (See particularly Ladder Creek monocline, 
pi. 1 and fig. 36, and p. 87). Kelley (1955, p. 794) 
regarded this form as anomalous on the Plateau, where 
he reported most asymmetrical monoclines to have 
sharp lower bends and gentle upper bends.

For most of the symmetrical monoclines, such as the 
East Creek monocline, it was practicable to map only 
the middle axis along the greatest angle of dip, but for 
part of the symmetrical North East Creek monocline 
the upper, middle, and lower axes were mapped.

The monoclines in the Grand Junction area are con 
sidered the result of lateral compression from the south 
west, or northeast.

All the faults in the Grand Junction area seem to be 
dip slips no strike-slip displacements were observed. 
Most of the faults are vertical or nearly vertical nor 
mal faults, but in at least two places the Redlands 
fault is reverse (p. 87).

Two major structure systems in the mapped area 
appear to be related, each of which comprises several 
alternating monoclines and faults alined end to end 
and each of which has some closely associated struc 
tures. The first structure system includes, from north 
west to southeast, the Flume Canyon fault, a short 
unnamed monocline, Kodels Canyon fault, Lizard Can 
yon monocline, and Redlands fault; the second includes 
the Ladder Creek monocline, Bangs Canyon fault, and 
East Creek monocline. The two systems are connected 
tangentially near the top of the Serpents Trail by the 
northward-plunging Ladder Creek monocline.

The two systems, which contain the greatest and 
most abrupt vertical displacements in the area, do not 
appear at first glance to be alined, but the perfect 
alinement of the central part of the Redlands fault with 
the northwestern part of the Bangs Canyon fault is 
probably more than coincidental. Elsewhere, the trends 
of the two systems deviate considerably.

The major structures are both concave and convex 
away from the Uncompahgre arch two types of trends 
noted by Kelley (1955, p. 794) in other parts of the 
Colorado Plateau.

The principal structures have a profound effect on 
the artesian systems of the area. In general, the 
principal structures allow drainage of strata to the 
southwest and provide recharge facilities for aquifers to 
the northeast. (See p. 100.) For this reason the struc 
tures were "walked out" to determine whether the 
artesian aquifers are cut off from recharge at any point.
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Only along part of the Bangs Canyon fault are the 
aquifers so cut off, and even here recharge may possibly 
take place downward along the fault.

METHODS OF REPRESENTING STRUCTURE

The geologic structure of the Grand Junction area 
may be visualized in several ways from plate 1, which 
shows the locations and directions of movement of the 
faults, the locations and types of folds, the relative dips 
on each side of monoclinal axes, and the attitude of the 
strata in many places by dip and strike symbols. The 
dips and strikes observed in the field are shown by a 
different symbol from those determined photogram- 
metrically using the Kelsh Plotter. For the latter, only 
dips of 10° or more are shown because of the greater 
chance of error in determining low dips, particularly 
those of from 1° to 5°. Although it was possible to 
read low dips directly on the tilting platten, the vertical 
ground control generally was not adequate to insure 
removing all unwanted tilt from the Kelsh plates; and 
this lack of control affected the accuracy of determining 
dips of low angle proportionately greater than for dips 
of high angle.

The structure is also depicted in plate 1 by structure 
contours drawn on the top of the Entrada Sandstone. 
This stratigraphic horizon was chosen: (1) because it is 
the most sharply defined contact in the area, viewed 
either on the ground or on aerial photographs, and (2) 
because the Entrada Sandstone is the most important 
artesian aquifer in the area, hence the depth to the top 
of the Entrada is of considerable interest to well drillers 
and well owners, and has been one of the principal 
questions directed to the Geological Survey. The solid- 
line contours depict the configuration of this stratum 
where it is covered by varying thicknesses of younger 
formations and hence is reachable by drilling; the 
dashed-line contours represent the inferred position of 
the stratum before it was removed by erosion.

In areas of solid-line contours the approximate depth 
to the Entrada Sandstone may be determined at any 
locality by subtracting the altitude indicated by the 
contour, or interpolated between adjacent contours, 
from the altitude of the surface of the ground. This 
procedure will be greatly facilitated in the future when 
large-scale topographic maps of the area become avail 
able, but at present (1962) the surface altitudes in most 
of the area must be determined by ground surveys or 
approximated by reading the small-scale Grand Junc 
tion topographic map prepared by the Army Map 
Service.

The accuracy of the structure contours varies with 
the accuracy in determining the altitudes of the many 
control points (not shown) and with the stratigraphic

position of the control points. The contours are most 
accurate near water wells whose surface altitudes were 
determined by instrumental leveling and which have 
accurate well logs (see table 7), as in parts of the Red- 
lands and Orchard Mesa and a small part of the Grand 
Valley. Contours could not be drawn for large areas 
of the Grand Valley that lack wells deep enough to 
reach the Entrada Sandstone or other recognizable 
formation contacts above the Entrada. The topo 
graphic maps of the Colorado National Monument and 
a part of the Gunnison River Valley were of considerable 
help in determining the altitudes of control points in 
these small areas. Elsewhere, altitudes of control 
points were determined photogrammetrically by placing 
the floating dot of the platten of the Kelsh plotter on 
some point of known altitude, such as a bench mark of 
the U.S. Coast and Geodetic Survey, and then in turn 
at many points on the geologic contacts used for control. 
Differences in scale readings between successive posi 
tions of the floating dot multiplied by a model constant 
gave the differences in altitude. Bench marks were 
available only in the small areas having topographic 
maps,, along the Denver and Rio Grande Western 
Railroad in the Grand and Gunnison River Valleys, 
and along part of Colorado Highway 141 southwest 
from Whitewater. An attempt was made to extrap 
olate, as far as possible, from these bench marks, but 
the vertical control was not adequate to insure proper 
leveling of all models. The contours were therefore 
omitted entirely from the southwestern part of plate 
1, including much of Glade Park, where the control was 
poor and the dips are nearly horizontal. The extreme 
flatness of Glade Park is well shown in figure 35. Con 
tours also were omitted from an area about 3 miles 
southwest of Grand Junction for the reasons given 
under "Jacobs Ladder fault complex," page 89.

Contours based upon stratigraphic control points 
other than from well logs are most accurate along the 
line of outcrop of the top of the Entrada Sandstone. 
Elsewhere, the thickness of strata above or below this 
top was subtracted from or added to the altitudes of 
the control points, and variations in thickness of the 
formations in different parts of the area were taken into 
account. Control points were taken, in order of de 
creasing accuracy, on the top of the Entrada Sandstone, 
Wingate Sandstone, Morrison Formation, or Dakota 
Sandstone.

The structure contours are based mainly on equal 
spacing between control points of determined altitude, 
but partly on the observed or photogrammetrically 
determined dip and strike of the strata. The general 
strike is parallel to the contour lines, and the dip is at 
right angles to the contours in the direction toward the 
next contour of lower altitude. The tangent of the
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average angle of dip between any two successive con 
tours may be determined by dividing the contour inter 
val (200 feet) by the horizontal distance between the 
contours, in feet, using the scale on the map or any 
scale of 1:31,680 ratio. The angle is then obtained 
from a table of tangents or from the proper scale of a 
slide rule. For example, between two contours 3,850 
feet apart, the tangent of the average angle of dip is 
about 0.052 and the average dip about 3°.

The structure contours are considered generally ac 
curate to within less than half a contour interval (100 
feet) and locally accurate to within less than a quarter 
contour interval (50 feet), although exceptions may be 
found in parts of the area when large-scale topographic 
maps become available.

Only one cross section is given on plate 1 as only 
small areas are shown on large-scale topographic maps.

DETAILS OF STRUCTURE

STRUCTURAL FEATURES IN NORTHERN PART OF 
COLORADO NATIONAL MONUMENT

In and northwest of the northern part of Colorado 
National Monument is a series of monoclines and asso 
ciated faults. The principal deformation here was up 
ward bending or movement on the south side of a sin

uous line of connected monoclines and normal vertical 
faults.

The Flume Canyon fault, which extends northwest 
ward beyond the western edge of the map, has a maxi 
mum throw, or displacement, of about 300 feet in 
Flume Canyon, but the throw decreases both north 
westward and southeastward from this canyon. The 
fault dies out and merges with an unnamed short 
symmetrical monocline in the east side of Devils Can 
yon. In the next canyon to the east the monocline 
merges with the Kodels Canyon fault, which has a 
maximum throw of about 350 feet in the west side of 
Kodels Canyon (fig. 31). This fault begins to die out 
eastward in Fruita Canyon as a faulted monocline 
(fig. 32), east of which it merges with the sharp upper 
bend of the asymmetrical Lizard Canyon monocline 
(fig. 33), which becomes more symmetrical farther to 
the southeast. This structure in turn becomes the 
Redlands fault southeastward from East Entrance of 
Monument Canyon.

The Lizard Canyon monocline has two upper bends 
the higher of which is shown on plate 1 as the Fruita 
Canyon "monocline," although actually only one com 
plete monocline is involved.

FIGURE 31.  Looking west along Kodels Canyon fault in Kodels Canyon, Colorado National Monument. In
Sandstone is displaced its full thickness of about 350 feet.

sec. 31, T. 1 N., K. 2 W., Ute P.M. Wingate
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FIGURE 32. Eastern end of Kodels Canyon fault on west side of Fruita Canyon, Colorado National Monument. In NWJ4 sec. 32, T. 1 N., R. 2 W., Ute P.M. No 
visible displacement except for considerable thinning of Wingate Sandstone. High cliff of Wlngate Sandstone at left rests on slopes of Chinle Formation. Pifion- 
and juniper-covered slope near middle is Kayenta Formation resting on thinned Wingate Sandstone. Entrada Sandstone forms low cliffs on right.

FIGURE 33. Lizard Canyon monocline. Looking southeastward across Lizard Canyon and North Entrance of Monument Canyon from point on Rim Rock Drive in 
NEJ4 sec. 32, T. 1 N., R. 2 W., Ute P.M. Note sharp upper bend"on right, gentle lower bend on left. Strata range from Chinle Formation in canyon on right to 
Burro Canyon Formation capping low hogback on left.
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FIGURE 34. Geologic structural features at north end of Colorado National Monument. Approximate scale 1:25,000. The three stereoscopic 
may be identified by comparison with the appropriate part of plate 1, orienting map with north to the left. A, Kodels Canyon 1 
Conservation Service.
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wed in turn without optical aids by those accustomed to this procedure, or by use of a simple double-lens stereoscope. Geologic features 
md of Lizard Canyon monocline; C, Redlands fault; and D, upper bend of Fruita Canyon "monocline." Photographs by U.S. Soil
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The Kodels Canyon fault, Lizard Canyon monocline, 
and eastern part of the Fruita Canyon "monocline" 
are well shown in the left two stereoscopic pairs of 
figure 34 (p. 84).

The Flume Creek monocline is a nearly symmetrical 
monocline that enters the area from the northwest. It 
extends farther southeastward than shown on plate 1, 
but could not be accurately placed farther than shown 
because much of the structure is obscured by a pediment

The symmetrical Devils Canyon monocline merges 
northwestward into a short normal fault that is tan 
gential to the Flume Canyon fault. Southeastward it 
curves toward the Lizard Canyon monocline, then dies 
out. Possibly this monocline and short fault were 
formed later than the main structures, and their forma 
tion may have been accompanied by renewed deforma 
tion along the main structures.

Another minor monocline, part of which is visible 
near the top of the left stereoscopic pair in figure 34, 
closely follows the 4,000-foot contour along hogbacks 
of the Burro Canyon Formation and Dakota Sandstone. 
Its axis is difficult to place accurately and is not shown 
on plate 1.

REDLANDS FAULT

The Redlands fault is one of the principal structural 
features of the area and, together with the three main 
structures to the northwest, played a major role in 
setting the stage for the cutting of the spectacular deep 
canyons of the Colorado National Monument. The 
northwestern part of this fault is clearly shown in the 
right two stereoscopic pairs in figure 34, and the south 
eastern part is shown in figure 35. The fault has a 
maximum throw of about 700 or 800 feet in the SE% 
sec. 21, T. 11 S., R. 101 W., but dies out in scissors

FIGURE 35. Oblique aerial photograph of the southeastern part of Colorado National Monument, looking southwestward. A, Redlands fault; B, No Thoroughfare Can 
yon; C, old Serpents Trail; D, Red Canyon; E, Piflon Mesa; and F, Glade Park. Geologic features may be identified by comparison with appropriate part of plate 
1. Scale variable. Photograph by Master Sergeants M. M. Friedman and C. M. Fetterman, Lowry Air Force Base, U.S. Air Force.
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fashion at each end. It is a vertical or nearly vertical 
normal fault throughout its 6-mile length, except at and 
near the mouth of Gold Star Canyon and at the mouth 
of a small canyon in the SEKSWK sec. 30, T. 1 S., R. 
1 W., Ute P.M., where it is a reverse fault that dips 
about 45 degrees to the southwest. Along the cross 
section shown in plate 1, the dip is about 60 degrees 
to the southwest, as the fault plane gradually becomes 
steeper northwest of Gold Star Canyon. The fault 
originally may have been normal throughout, but during 
some period of renewed deformation, compressive forces 
from the southwest or northeast may have rotated the 
fault from the vertical to its present inclined position, 
in the manner suggested by Kelley (1955, p. 798). The 
strata on the downthrown side of the Redlands fault 
have been dragged upward steeply (figs. 34, 35), and as 
a result, the Chinle, Wingate, Kayenta, and Entrada 
Formations (pi. 1) were squeezed considerably thinner. 
One or more vertical faults may lie roughly parallel to 
and northeast of the Redlands fault, including the parts 
having reverse dip, but none could be positively identi 
fied and mapped.

In many places adjacent to the Redlands fault the 
updragged strata are vertical, but they have relatively 
low dips a short distance to the northeast. If the Red- 
lands fault is a sharply faulted monocline (though proof 
of such structure is lacking), the lower bend is much 
sharper than the now eroded upper bend a condition 
not found in any of the known asymmetrical monoclines 
in the area (p. 80). It is here regarded simply as a fault 
with steeply updragged strata on the northeastern side.

LADDER CREEK MONOCLINE

The southeastern part of the asymmetrical Ladder 
Creek monocline has the sharpest upper bend of any 
monocline in the Grand Junction area. As shown in 
plate 1 and in the left stereoscopic pair in figure 36, the 
dip changes abruptly from about 3° on the southwest 
to 80° on the northeast, much like a bent hinge, though 
no displacement by faulting is visible. Southeastward 
the upper bend merges with a normal fault which dies 
out against the Bangs Canyon fault. Viewed from the 
north (fig. 37), the high escarpment formed along the 
sharp upper bend could be mistaken for a fault, but a 
view southeastward along strike from the side of the 
canyon on the right skyline reveals no displacement.

To the northwest, the upper bend of the Ladder Creek 
monocline becomes much more gentle, the strike swings 
gradually north, and the axis plunges northward. If 
the strike of the beds as shown by the contours, but 
not necessarily all the dip, represents the strike pro 
duced by an early period of deformation, the northern 
part of the Ladder Creek monocline may be the result 
of later renewed deformation, and later additional bend

ing may have occurred in the southeastern part of this 
structure.

BANGS CANYON FAULT

The short Bangs Canyon fault has a throw of about 
1,000 feet the greatest of any fault in the Grand Junc 
tion area. The northeastern half of the fault is shown 
in the right stereoscopic pair of figure 36. The fault 
drag on both sides of the fault suggests that the struc 
ture may be a faulted monocline, although the drag 
could have resulted from faulting alone. Erosion along 
the fault has produced a fault valley transverse to the 
principal drainage, which is occupied by subsequent 
tributaries and low intertributary divides. The fault 
seems to be normal and nearly vertical, although its 
angle cannot be observed.

Northwestward the Bangs Canyon fault disappears 
beneath landslide debris in Ladder Creek Canyon and 
dies out. To the southeast it merges with the sym 
metrical East Creek monocline. Between the south 
eastern end of the fault and the northwestern curving 
end of the North East Creek monocline is a triangular 
synclinal block cut off on the southeast by a short cross 
fault. The apparent updrag on the upthrown side of 
this part of the Bangs Canyon fault is anomalous and 
not explainable by me.

EAST CREEK MONOCLINE

The East Creek monocline is the longest uninter 
rupted fold in the mapped area. It is a symmetrical 
monocline that has only small vertical displacement in 
the northwestern part but considerable displacement 
where it crosses East Creek Canyon and parallels Cac 
tus Park. Northwest of East Creek it is generally par 
allel to the regional strike, but southeast of East Creek, 
from where it begins to plunge southeastward, it devi 
ates 25°-30° from the regional strike and is crossed by 
several structure contours. This deviation suggests 
that the southeastern part of the fold probably is 
younger than the principal uplift of the Uncompahgre 
arch and that it may be younger than the northwestern 
part of the fold.

The East Creek monocline has been mistaken for a 
fault by some who viewed it only on aerial photographs, 
but no faulting is evident when it is followed on foot.

The lower bend of the East Creek monocline is 
visible in figure 29 in the high bluffs just beyond 
Cactus Park.
NORTH EAST CREEK MONOCLINE AND CACTUS PARK FAULT

The North East Creek monocline splits off from the 
Bangs Canyon fault at a rather high angle, then swings 
around to become more nearly parallel to parts of the 
East Creek monocline. The upper, middle, and lower 
axes are mapped in one area; elsewhere only the middle 
axis can be followed readily. It crosses or is crossed 
by a small normal fault on the west side of North East
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FIGURE 37. Ladder Creek monocline. Looking southeast from point in SEJ4 sec. 30, T. 12 S., R. 100 W. Col In left skyline is formed by Bangs Canyon fault. Note 
updrag of beds on left (or downthrown) side of fault and downdrag on right (or upthrown) side.

Creek Canyon and may be later or earlier than the 
fault, for exposures are poor at the crossing and the 
throw of the fault is small.

The East Creek monocline merges southeastward 
into the Cactus Park fault. The vertical, normal char 
acter of this fault is clearly visible where it crosses 
Colorado Highway 141. Here the fault lies between 
the Entrada Sandstone to the north and the Wingate 
Sandstone to the south. The Cactus Park fault may 
be continuous with the Deer Run monocline and asso 
ciated fault, but in the intervening area the strata 
either are poorly exposed or covered by alluvium.

DEER RUN MONOCLINE

The symmetrical Deer Run monocline, which merges 
southeastward into a normal vertical fault, is nearly 
parallel to the East Creek monocline. Like the East 
Creek, the Deer Run monocline plunges southeastward 
and deviates 25°-30° from the regional dip; this devia 
tion suggests a later origin than the principal uplift of 
the Uncompahgre arch.

GLADE PARK AND LADDER CREEK FAULTS

The Glade Park and Ladder Creek faults are so 
nearly alined as to suggest that they might be con 
tinuous. However, they die out toward each other and, 
in the intervening area, no evidence of displacement 
could be observed in the field or on aerial photographs.

The Glade Park fault and the western part of the 
Ladder Creek fault, which appear to be normal, are 
the only principal faults in the area having the down- 
thrown side on the south. However, the throw is 
small probably less than 25 feet. Despite their small 
throw, the two faults produce zones of weakness that

allowed more rapid erosion of canyons tributary to 
No Thoroughfare and Ladder Creek Canyons.

The Ladder Creek fault is rotational east of the 
Ladder Creek monocline, where the direction of throw 
is reversed, and the rocks are downthrown on the south 
side. Here, also, the Ladder Creek fault either curves 
abruptly toward the southeast (as shown on pi. 1) or 
is joined by another fault. A small area between this 
and another small fault has been dragged upward and 
forms a small syncline.

The ages of the Glade Park and Ladder Creek faults 
relative to the principal structures of the area are not 
known.

JACOBS LADDER FAULT COMPLEX

The Jacobs Ladder fault complex is an area of com 
plex but minor faulting and some minor folding, about 
3 miles southwest of Grand Junction. On plate 1 the 
structure contours are omitted for this small area for 
it is not certain whether the structures extend deep 
enough to reach and include the Entrada Sandstone. 
The visible part of the structures involve the competent 
Burro Canyon Formation and Dakota Sandstone and 
the upper part of the incompetent Morrison Formation, 
and they may have resulted from crumpling and break 
ing of the brittle beds by one of the later or latest 
periods of deformation. This mode of origin is sug 
gested in part by the small throw of the faults and in 
part by the haphazard trends of the structures at various 
angles to the major structural features of the area.

The faults and folds in this complex were difficult to 
map for several reasons, and I am not certain that they 
are correctly portrayed. Some of the mudstone and 
siltstone beds in the Burro Canyon Formation closely
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resemble similar beds in the Morrison Formation; more 
over, fault slices of either or both are strewn with blocks 
of sandstone to the extent that parts of the area are a 
jumbled mixture. I have attempted to show the prin 
cipal structures and lineaments, but others could be 
added.

It is perhaps significant and more than coincidental 
that the Jacobs Ladder fault complex occupies the focal 
point of the outwardly concave Ladder Creek mono 
cline, but their relation, if any, is not known.

UNAWEEP ANTICLINE

The Unaweep anticline, which is traceable for 2 miles, 
is the longest observed in the area and is, in fact, the 
only anticline observed except for a short one in the 
southeastern end of the Jacobs Ladder fault complex. 
The Unaweep anticline has a barely perceptible reversal 
in direction of dip and plunges gently to the northwest; 
thus the 4,200-foot structure contour crosses its axis as 
shown in plate 1.

Although the axis of the Unaweep anticline is parallel 
to the regional dip, its gentleness suggests that it may 
have formed in a late period of deformation and that 
possibly it is associated with the Jacobs Ladder fault 
complex.

JOINTS

Considering the repeated periods of deformation that 
have affected the Grand Junction area, the competent 
rocks, with few exceptions, are remarkably free of 
regular joint systems or patterns such as are common 
in many other parts of the Colorado Plateau. Certain 
formations contain more joints than others, so the joints 
will be considered by separate formations or by groups.

The hard crystalline rocks of the Precambrian com 
plex (fig. 27) and the hard well-cemented beds in the 
Kayenta, Summerville, Morrison, Burro Canyon, and 
Dakota Formations are cut irregularly by joints, most 
of which are vertical, but no regular patterns or systems 
of joints are readily apparent. Vertical joints in the 
sandstone and conglomerate of the Burro Canyon For 
mation and Dakota Sandstone allow large blocks of 
rock to fall into the canyons, particularly in the eastern 
part of the area.

The Wingate Sandstone contains vertical joints in 
many places, but many cliff faces of the Wingate con 
tain few joints (fig. 10) except for those parallel to cliff 
faces (p. 76, 77). In parts of the Colorado National 
Monument, however, notably in Monument Canyon, 
the Wingate is cut by local systems of vertical joints 
which are clearly visible from the air or on aerial photo 
graphs and which have allowed the formation of several 
of the named erosion features. One local system of 
northward-trending vertical joints connects the Squaw 
Fingers and the Coke Ovens (fig. 7) and the intervening

ridge, but does not extend to ridges to the north or 
south. Another longer set of northwestward-trending 
vertical joints, which connects the Kissing Couple and 
Pipe Organ and cuts the three intervening ridges, is 
clearly shown at the middle of the right stereoscopic 
pair of figure 34. Most of these joints disappear north 
west of the Pipe Organ but one or more joints extend 
far enough northwestward to separate Sentinel Spire 
from the main cliff.

The pronounced linearity of Red Canyon (figs. 30, 
35) and the two long arms of Ute Canyon probably is 
due to jointing.

A notable feature of the Entrada Sandstone, particu 
larly the Slick Rock Member, is the almost total 
absence of joints for long distances along cliff faces 
(figs. 12, 13). The reason for the general absence of 
joints from the Entrada and their presence in strata 
both above and below is puzzling.

SUMMARY OF TECTONIC EVENTS

The rocks in and near the Grand Junction area reveal 
the results of several periods of deformation extending 
over much of geologic time. The various times of up 
lift and deformation have been discussed and docu 
mented at intervals in pages 20-76, but inasmuch as 
this information is scattered throughout many pages it 
seems appropriate at this point to summarize these 
events briefly, particularly the principal tectonic events 
and their bearing on the geologic structure of the area.

The recorded tectonic history of the area began well 
back in Precambrian time, when deeply buried sedi 
ments and possibly also associated igneous rocks were 
metamorphosed by intense heat and pressure into 
schists and gneisses. Later in the Precambrian these 
rocks were intruded by granite, pegmatite, and locally 
by other rock types. The now vertical or nearly ver 
tical position of the once horizontal or gently inclined 
structures in these old rocks indicates the intensity of 
deformation.

The late Precambrian and early Paleozoic events 
probably included several periods of uplift and erosion 
alternating with periods of subsidence and deposition. 
From Early Pennsylvanian to Late Pennsylvanian or 
Permian time the Uncompahgre-San Luis geanticline or 
highland was uplifted and subjected to erosion until 
Late Triassic time, when the Chinle, Wingate, and 
Kayenta Formations were deposited.

A period of erosion and probable uplift in Jurassic 
time is recorded by the erosional unconformity at the 
base of the Entrada Sandstone. Deposition, with minor 
interruptions, again became dominant until about the 
end of Early Cretaceous time, when minor uplift and 
erosion occurred. The area subsided beneath the sea 
in Late Cretaceous time but rose above sea level before
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the end of the Cretaceous and was uplifted still higher 
near the close of the Cretaceous. The first uplift of 
the Uncompahgre arch and possibly some of the folds 
and faults may have begun at this time or slightly 
later. The broad form of the plunging arch developed 
at this time and gave a general northeastward dip to 
the sedimentary rocks of the Grand Junction area.

The Uncompahgre arch doubtless received renewed 
uplift and deformation in post-Green River time because 
the Wasatch and Green River Formations in the 
Piceance Creek basin to the north were deformed.

There is evidence of epeirogenic uplift and tilting of 
the Colorado Plateau during late Miocene to middle 
Pliocene time and of renewed differential uplift of the 
Uncompahgre arch in Pliocene time, again in late 
Pliocene or early Pleistocene time, and perhaps still 
later.

Evidence ranges from scanty to lacking as to the 
relative amount and degree of deformation that oc 
curred in the area in Late Cretaceous, post-Green River, 
late Tertiary, or late Pliocene and early Pleistocene 
times, but some speculations seem warranted.

The total structural displacement of the Uncom 
pahgre arch between the summit of Pinon Mesa and 
Grand Junction is about 5,000 feet. If 1,600 to 1,900 
feet of this displacement took place in late Pliocene or 
early Pleistocene time, after the abandonment of Una- 
weep Canyon about 3,100-3,400 feet of the total dis 
placement must have occurred as the result of the 
several earlier periods of deformation. Much of this 
may have occurred during the deformation in post- 
Green River time.

GROUND WATER

GENERAL PRINCIPLES OF OCCURRENCE AND 
MOVEMENT

No one report or small group of reports covers ade 
quately the occurrence and movement of ground water, 
but as a starter the interested reader is referred to 
Meinzer (1923a, b), Tolman (1937), Jacob (1950), and 
Todd (1959). This report will discuss the occurrence 
and movement of ground water in the Grand Junction 
area, mainly the artesian water, and brief mention will 
be made of such fundamentals as are necessary for a 
basic understanding of the subject.

The rocks of the earth's crust generally contain many 
open spaces that may be saturated with ground water, 
or underground water, as it is called by some. In the 
sedimentary rocks of the Grand Junction area such 
openings are the voids or interstices between grains of 
sand in the sandstones and between grains of sand or 
pebbles in the alluvium of the stream valleys. The 
porosity of a rock is the ratio of the volume of the

interstices to the total volume of the rock; it is ex 
pressed as a percentage or decimal fraction. In the 
sandstone aquifers, or water-bearing formations, of the 
area, the porosity has been reduced by deposition of 
cementing material, generally calcite, but locally has 
been increased by jointing or faulting.

The "permeability" of a rock may be defined as its 
capacity for transmitting fluid under head, and is meas 
ured by the rate at which the rock will transmit a 
given fluid, such as water, through a given cross sec 
tional area under a given difference of head per unit 
of distance. The "coefficient of permeability" 13 used 
by the Geological Survey may be expressed as the num 
ber of gallons of water a day, at 60 °F, that is conducted 
laterally through each square foot of water-bearing 
material (measured at right angles to the direction of 
flow), under a hydraulic gradient of 1 foot per foot. 
It has the inconsistent units of gallons per day per 
square foot (gpd per sq ft). (See table 4.) For ana 
lyzing field tests involving flow through the entire thick 
ness of aquifers, it is generally more convenient to use 
the coefficient of transmissibility of Theis (1935, p. 520), 
which he expressed as "***T=coefficient of transmissi 
bility of aquifer, in gallons a day, through each 1-foot 
strip extending the height of the aquifer, under a unit 
gradient   this is the average coefficient of permeability 
(Meinzer) multiplied by the thickness of the aquifer." 
It is expressed in the inconsistent units gallons per day 
per foot (gpd per ft). Both definitions are based upon 
Darcy's Law, which states that the rate of movement 
of water through porous media is proportional to the 
hydraulic gradient:

in which g= velocity of movement; k= constant of pro 
portionality, which is the hydraulic conductivity; and

-jr= hydraulic gradient, expressed as a change in head
(LL

(dfi) over a given change in flow length (dl).
Ground water occurs either as unconfined water or as 

confined, or artesian, water. Because aquifers have 
greatly differing storage properties in the two modes of 
occurrence (and in intermediate types), the two modes 
of occurrence will be taken up separately.

13 The coefficient of permeability, P, used by the Geological Survey has the funda 
mental dimensions of a velocity, [l/t], hence should more properly be called an "hy 
draulic conductivity" in that it depends upon the permeability of the medium to 
only one fluid relatively pure water at a stated or implied temperature. A true 
unit of permeability has the dimensions of area [I 1], and is independent of the type 
of fluid flowing through the medium unless the fluid and medium interact chemically. 
Hence, the true permeability of a porous medium, generally called the intrinsic per 
meability, is independent of such fluid properties as viscosity or density (Todd, 
1959, p. 51).

721-906 O-65 9
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UNCONFINED GROUND WATER

Unconfined ground water occurs in aquifers that are 
not separated from the atmosphere by strata of lower 
permeability (fig. 38). Actually, few aquifers are wholly 
unconfmed, for in sedimentary rocks the permeability 
parallel to the bedding planes generally is much greater 
than at right angles to these planes, and this reduced 
vertical permeability provides varying degrees of con 
finement.

When a well is sunk into an unconfined aquifer, the 
water level in the well remains, for a time, at the same 
altitude at which it was first found in drilling, but of 
course this level may fluctuate later in response to 
many factors. This level is one point on the water 
table, which may be defined as that "surface", within 
the zone of saturation, at which the pressure is every 
where atmospheric (see Hubbert, 1940, p. 897). As 
shown in figure 38, the zone of saturation extends some 
what above the water table, and includes the zone of 
complete capillary saturation (Terzaghi, 1942, p. 347) 
or the capillary stage (Versluys, 1917). The thickness 
of this zone depends upon the grain size of the material, 
and for grains of uniform size is greater for fine-grained 
material than for coarse-grained material. The two 
zones above the zone of complete capillary saturation 
are only partly saturated, hence are said to be in the 
zone of aeration. The pressure in the several zones 
with respect to atmospheric pressure is shown in the 
left-hand column of figure 38.

Pumping a well in an unconfined aquifer causes actual 
unwatering of the material within an inverted, roughly 
cone shaped volume, called the cone of depression, by 
simple gravity drainage toward the low point at the 
well. The area of the top of this cone is called the area 
of influence. When pumping ceases, the cone gradually 
refills with water. The ratio of the volume of water 
that thus drains by gravity from the volume of the cone 
of depression in an unconfined aquifer to the latter 
volume is called the specific yield, and is generally 
expressed as a percentage or decimal fraction. Not all 
the water is drained from such material by gravity, for 
a part is held by molecular attraction of the rock par 
ticles. Thus the specific yield is equal to the porosity 
minus the specific retention the latter representing 
the amount held or retained by molecular attraction. 
In most unconfined aquifers, the specific yield ranges 
from about 10 to about 30 percent, or 0.1 to 0.3.

Note in figure 38 that observation wells A and B 
penetrate a reduced thickness of saturated material but 
are still partly submerged. Well C is too shallow to 
reach the saturated material while the pumped well is 
in operation; it has been literally dried up.

In the Grand Junction area, unconfined aquifers gen 
erally yield but little water or water of poor quality, or 
both; hence very little time in the field was devoted to 
unconfined aquifers, and no wells tapping them are 
included in table 7. Unconfined aquifers in the area 
include the alluvium along the Colorado and Gunnison 
Rivers and larger tributaries (pi. 1); the terrace deposits
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on Orchard Mesa that have been saturated by return 
flows from irrigation; soil and weathered rock in the 
Grand Valley, Redlands, and Glade Park; and deposits 
that fill arroyos in parts of the Grand Valley.

Where thick, the alluvium along the principal streams 
probably would yield considerable water to properly 
constructed wells, but the water probably would be too 
hard for domestic or public supplies. It would be 
suitable chemically for irrigation, but irrigation water 
from the rivers is abundantly available at lower cost.

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 from the 
terrace deposits on Orchard Mesa, are too highly min 
eralized for most ordinary uses. The materials have 
been saturated by irrigation water and return flows 
from irrigation waters that have picked up large quan 
tities of dissolved mineral matter from the weathered 
marine Mancos Shale (p. 67).

Shallow unconfined ground water may be available 
locally in irrigated parts of the Redlands, but it too 
would be of poor quality for similar reasons, though 
probably not as highly mineralized as the waters that 
have leached the Mancos Shale.

The weathered and locally soil-covered Entrada Sand 
stone forms the surface of much of Glade Park and 
yields small supplies of unconfined ground water of 
reported good quality to a few ranch wells in localities 
removed from the canyons of the Colorado National 
Monument. The strata in Glade Park are nearly flat 
lying, but dip to the northeast just enough that near 
these canyons all or nearly all water has drained out 
of the strata. At points more distant from the can 
yons, at least the lower part of the Entrada contains 
sufficient water to supply small domestic or stock needs.

A well in the NE^NE% sec. 31, T. 12 S., R. 101 W. 
in Glade Park is reported to be 350 feet deep and has 
a reported water level 270 feet below land surface. The 
water in this well, which is reported to be of good 
quality, probably comes from the Wingate Sandstone.

CONFINED, OB ARTESIAN, GROUND WATER

Confined, or artesian, water is ground water that is 
confined beneath a relatively impermeable or less per 
meable stratum and that rises above the point at which 
it is first found in wells. Inasmuch as no rock stratum 
is regarded as wholly impermeable, confining beds vary 
in permeability and hence in their ability to confine 
artesian aquifers. (See p. 46.)

As shown in figure 38, there is no unwatering by 
gravity drainage of an artesian aquifer in the vicinity 
of a discharging well, such as occurs in an unconfined 
aquifer, if the water level during discharge remains 
above the top of the aquifer. Thus, observation wells

E and F and the flowing well penetrate a fully saturated 
aquifer during discharge of the flowing well. Well D 
taps a higher aquifer and therefore is unaffected by the 
discharging well in the lower aquifer if the confining 
beds are of negligible permeability.

The "potentiometric surface" is an imaginary surface 
above the aquifer, and in figure 38 is also above the 
land surface, to which water from an artesian aquifer 
would rise in a pipe. The term "potentiometric sur 
face" means head- or potential-indicating surface, and 
is used in this report instead of the term "piezometric 
surface." If this surface is above the top of the aquifer, 
the latter is an artesian aquifer and a well tapping the 
aquifer is an artesian well. If the potentiometric sur 
face is above the land surface, a well tapping the artesian 
aquifer is a flowing artesian well.

Note that discharge of the well by natural flow has 
produced a cone of depression in the potentiometric 
surface similar in shape to the cone of depression in the 
water table of the unconfined aquifer. The rate of 
growth and areal extent of the two types of cones of 
depression are quite different, however, as will be 
explained under "Interference between Wells," page 110.

Although ground water is stored in the natural open 
ings in an artesian aquifer, as in an unconfined aquifer, 
the release of water from artesian storage is accom 
plished in a manner entirely different from the gravity 
drainage or unwatering of an unconfined aquifer, and 
an artesian aquifer remains saturated while releasing 
stored water.

For example, consider a sandstone artesian aquifer 
overlain by 500 feet of confining beds composed of shale 
and sandstone and having an average density of about 
2.4 a condition common to part of the Grand Junc 
tion area. Then the top of the aquifer supports a load 
of rock of about 520 Ib per sq in. A part of this load 
is supported by the sandstone aquifer and a part by 
the water, which is under artesian pressure and hence 
is pushing upward and downward against the confining 
beds. When the artesian pressure is reduced, as in the 
vicinity of a discharging artesian well, the ability of 
the aquifer to support the load of rock is reduced by 
an amount proportional to the reduction in artesian 
pressure; as a result, the aquifer is compressed a little 
and some water which is thereby released or forced out 
of artesian storage moves toward and out of the well. 
Simultaneously, reduction in artesian head allows the 
water to expand slightly and thus releases additional 
water from storage.

The compressibility and elasticity of artesian aquifers 
was first recognized by Meinzer and Hard (1925, p. 
90-93) and the theory was developed qualitatively by 
Meinzer (1928). The first quantitative determinations 
of the amount of water released from storage in artesian
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aquifers were made possible as a result of the formula 
tion by Theis (1935), through analogy with the mathe 
matical theory of heat conduction, of an equation for 
the nonsteady-state flow of ground water through per 
meable media to a discharging well, which is

s= (2)

in which s is the drawdown in water level at distance r 
from a well discharging at constant rate Q from an 
extensive homogeneous and isotropic aquifer having a 
coefficient of transmissibility T and a coefficient of 
storage S, after a period of discharge t. The coefficient 
of storage S, which is a dimensionless constant, was 
defined by Theis (1938, p. 894) as "* * * the volume of 
water, measured in cubic feet, released from storage in 
each column of the aquifer having a base 1 foot square 
and a height equal to the thickness of the aquifer, when 
the water table or other piezometric surface is lowered 
1 foot." The coefficient of storage is proportional to 
the thickness of the aquifer, and for most artesian aqui 
fers ranges from about 10~ 6 to about 10~3 much less 
than the specific yield of unconfined aquifers. Thus, if 
in the Entrada Sandstone in the Grand Junction area, 
which has an average coefficient of storage of about 
5X10~5, the head is lowered 150 feet in an area of 
1 square mile (about 27.9 million square feet), about 
210,000 cubic feet or about 1.57 million gallons of 
water is released from artesian storage by compression 
of the aquifer and expansion of the water.

The amount of compression in cemented sandstones, 
such as the principal artesian aquifers in the Grand 
Junction area, is small compared to the amount of plas 
tic deformation in unconsolidated aquifers that contain 
appreciable amounts of clay and is probably an elastic 
type of compression. A method for determining the 
compression of elastic artesian aquifers of this type has 
been published (Lohman, 1961b).

ARTESIAN AQUIFERS 

CHARACTER

The four artesian aquifers in the Grand Junction area, 
which are all sandstones, are, in order of importance 
and productivity: (1) the Entrada Sandstone, (2) the 
Wingate Sandstone, (3) lenticular sandstone beds in 
the Salt Wash Member of the Morrison Formation 
and in some places in the Brushy Basin Member, and 
(4) the Dakota Sandstone and sandstone in the 
Burro Canyon Formation. The last two units are 
classed together because they are generally not readily 
separable in drillers' logs. The outcrop areas of these 
aquifers are shown on plate 1, and detailed descrip 
tions of the lithologic character, distribution, thickness,

and water supply of the aquifers are given in pages 17-79 
Additional measured sections of the strata and drillers' 
logs of many of the wells are given at the end of this 
report.
DEPTHS TO AQUIFERS AND AREAS OF POTENTIAL 

DEVELOPMEN

The depths to artesian aquifers vary widely according 
to the aquifer being sought in drilling, the geologic 
structure, the location, and the surface altitude.

The four principal aquifers contain water under arte 
sian pressure only in areas northeast of the principal 
faults and monoclines (pi. 1) where they are overlain 
by younger relatively impermeable strata that serve as 
confining beds. Southwest of these structures the up- 
faulted or up-folded strata have been largely drained 
by the many deep canyons. Within the area northeast 
of the principal faults and monoclines the outcrops of 
the Wingate and Entrada Sandstones are close together 
along the southwest border, and the two sandstones are 
continuous in the subsurface to the northeast; hence, 
both these aquifers are available to wells throughout 
the potentially productive area. The lenticular sand 
stone beds in the Salt Wash Member of the Morrison 
Formation crop out from half a mile to perhaps a mile 
farther to the northeast in the Redlands and at varying 
distances in the area southeast from the Redlands. 
The Dakota Sandstone and Burro Canyon Formation 
have a much smaller area for potential development of 
artesian water the area covered by the Mancos Shale.

Within the area of potential development of artesian 
water, the approximate depth to the top of the Entrada 
Sandstone may be determined from the structure con 
tours on plate 1, if the surface altitude of the well site 
is known, by the procedure explained on page 81. Be 
cause the strata dip northeastward, they lie progres 
sively deeper toward the northeast. If sufficient water 
is not obtained in the Entrada after penetrating its full 
thickness, additional water may be obtained by drilling 
through the underlying Kayenta Formation, where 
present (p. 35), and into or preferably through the 
underlying Wingate Sandstone. The ranges in thick 
ness of these strata, where known in the area, are given 
in the detailed formation descriptions.

According to my interpretation of formation tops in 
drillers' logs, the top of the Entrada has been reached 
at depths ranging from 188 to 1,555 feet, but mostly 
at 600 to 800 feet. Depths of more than 1,500 feet 
were reached in the two wells (1 and 5) farthest from 
the outcrop.

Although only 8 of the 48 wells obtain water wholly 
or in part from sandstone beds in the Morrison Forma 
tion, the occurrence of water in one or more of these 
beds was noted by drillers in 19 of the logs. Most of
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the water-bearing sandstone lenses are in the Salt Wash 
Member, but a few seem to be in the Brushy Basin 
Member. These lenses are at varying and unpredict 
able heights above the top of the Entrada Sandstone; 
moreover, they are discontinuous and hence are not 
found everywhere. Thus, the finding of water in sand 
stone lenses of the Morrison is a matter of chance, and 
generally has resulted in wells that were planned to 
reach the continuous Entrada Sandstone, but in which 
sufficient water to satisfy the owner was found at 
shallower depth in the Morrison.

Water in the Dakota Sandstone and Burro Canyon 
Formation generally is found at depths of less than 100 
feet in or just northeast of the outcrop area (pi. 1), but 
the top of the Dakota was reached at depths of more 
than 700 feet in wells 1 and 5. The water generally is 
too poor in quality for ordinary uses (p. 63).

HYDROLOGIC PROPERTIES

FIELD FLOW TESTS

THEORY

To determine both the coefficients of transmissibility 
and storage from discharging-well tests by use of equa 
tion (2), (p. 94), or simplified approximate forms of this 
equation (Cooper and Jacob, 1946), it is customary and 
very advantageous, though not absolutely necessary, to 
measure water levels in one or more nearby observation 
wells. Methods of testing that require the simultaneous 
use of more than one well were not practicable in the 
Grand Junction area: (1) because of the high cost of 
drilling observation wells to the required depths (600- 
1,600 feet), (2) because most wells are too far apart, 
and (3) because the continuous demand for the water 
precluded the practicability of shutting in more than 
one well at a time. Moreover, the equations referred 
to apply to steady-state or nonsteady-state movement 
of ground water to wells of constant discharge rates and 
variable drawdowns, whereas, when a flowing artesian 
well is shut in long enough for the artesian head to be 
come virtually static and then the well is allowed to 
flow, the nonsteady-state movement of water is under 
conditions of constant drawdown and variable dis 
charge. For these flow conditions to a single flowing 
artesian well, equations were developed for an exact 
graphical solution for even very small periods (t) of 
flow (Jacob and Lohman, 1952, p. 560) and for simpler 
approximate graphical solutions which give equally 
accurate results for slightly longer periods of flow (Jacob 
and Lohman, 1952, p. 563, 566, 567). The equations 
for the approximate, or straight-line, solutions are

T= 2.30

and
log

S=2.25T(t/rl) 0

(3)

(4)

or

S=i 2.25T(t/r2w)
(5)

in which T= coefficient of transmissibility (in consistent 
units), sw= drawdown (constant), $=flow rate (vari 
able), t=time between beginning of flow and flow 
measurement, rM1 =radius of part of well through aquifer, 
(t/rl) 0 is taken at the point (sw/Q)=Q, and &(sw/Q) is 
the change in swlQ for one log cycle of t/rl. For the 
units of Q and T commonly used by the Geological 
Survey (p. 91), equations (3), (4), and (5) may be 
written

OO A

(6)

or
(7)

(8)

in which T is in gallons per day per foot, sw and rw are 
in feet, t is in minutes, and Q is in gallons per minute. 
Using semilogarithmic paper, values of sw/Q are plotted 
on the linear scale against corresponding values of t/rl 
on the logarithmic scale (fig. 45). The slope of the 
resulting straight line [A(sw/Q) per log cycle of t/rl] 
gives the value of T by use of equations 3 or 6. Extrap 
olation of the straight line to the point sw/Q=G gives 
the value of S by use of equations 4 or 7, or S may be 
determined for any point on the straight line, as within 
the data region, by use of equations 5 or 8.

Equations 3-8 are valid under the condition that

u=< about 0.01

where u is the lower limit of integration in equation 2 
and the r is changed to rw. This condition is satisfied 
very early in flow tests of artesian wells, because rzw 
and S are very small. In the wells tested in the Grand 
Junction area the maximum value of rw is 0.42 ft for 
which rl, is only 0.18 ft2 (table 6). Using this value of 
rzw and average values of the other terms, to solve the 
above equation for t, in minutes

t= (7.48 gal. fr3)(0.18 ft2)(5XlO~5)(l,440 min day"1 ) 
(4) (150 gal day"1 ft' 1) (0.01)

=-0.016 min.

Thus, for these or comparable values, equations 3-8 are 
valid for all discharge measurements after about 0.02 
minute of discharge; the earliest discharge readings 
made in any of the flow tests were from 0.5 to 1 minute 
after discharge began.
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As a check on the values of T obtained by flow tests 
using equations 3 or 6, recovery tests were made using 
an equation formulated by Theis (1935, p. 522)

2.30 Q
logic tit' (9)

in which Q is the weighted average discharge, t is the 
time since discharge started, t' is the time since dis 
charge stopped, and s is the residual drawdown in the 
gradually recovering water level. In units used by the 
Geological Survey, equation 9 may be written

264 Q, 1 = -  logic tit . (10)

Even though equations 9 and 10 are based upon non- 
steady-state flow to wells of constant discharge, they 
may be used to determine T by the recovery in head 
of a shut-in artesian well that previously has been dis 
charging at declining rates of natural flow. At suffi 
ciently large relative values of t (small values of u), 
other things being equal, the ratios of discharge to 
drawdown (Q/s) of two wells one having constant dis 
charge, the other having constant drawdown approach 
equality (Jacob and Lohman, 1952, p. 561, fig. 2). 
Equations 9 and 10 are solved graphically on semilog- 
arithmic paper by plotting values of s on the linear 
scale against corresponding values of t/t' on the loga 
rithmic scale, then determining &s for one log cj^cle of 
tit' (fig. 41), whence

264J2
As

FIELD PROCEDURES

(ID

Flow and recovery tests were made at 11 of the flow 
ing artesian wells (table 6) and repeated measurements 
of shut-in artesian head were made at these and other 
wells during the period 1946-52-(table 7). Tests could 
not be made at the other wells during that period be 
cause of physical difficulties or lack of owners' permis 
sion. Similarly, it was found impracticable to re- 
measure heads or to make tests of wells drilled after 
1952, all of which were equipped with pumps.

Static and recovering heads were measured using an 
ink-well mercury gage, which I designed and built for 
this purpose, construction details for which have been 
published. (See footnotes 1, 2, p.  ). The detailed 
field procedures for running the flow and recovery tests 
have also been published (Jacob and Lohman, 1952, 
p. 564, 565). Typical setups for these tests are shown 
in figure 39. Only the lower section of the gage, which 
reads heads as high as 66.5 feet of water, is shown in 
figure 39.<4: the extension shown in figure 395 extends 
the range to 134 feet of water. Heads of more than

B

FIGURE 39. Typical setups for flow and recovery tests on artesian wells. A, well 
45, in Entrada and Wingate Sandstones; and B, well 29, in Entrada Sandstone. 
Lower section of gage is 5 feet high.
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134 feet were read by adding a length of glass tubing 
to the top section and measuring the rise above 134 feet.

RESULTS
The results of the flow and recovery tests are given 

in table 6, and details of the wells tested are given in 
table 7. Typical graphical solutions of flow and re 
covery tests are shown in figures 40 and 41.

The effective well radius, rw, was the most difficult 
quantity to evaluate accurately and, inasmuch as it

appears as TZW in the equations, a slight error in rw has 
considerable effect upon the accuracy of S, but does not 
effect T. In the Grand Junction area, values of rw 
were obtained by careful inspection of the drilling and 
casing records and, where possible, by questioning the 
drillers as to the size of bit used, the amount of bit 
wobble suspected, and the possibility of and probable 
amount of caving. Reasonably accurate values of rw 
generally are more readily determined for open holes in

0.33

s = 2.1 X 10-* T(t/r2w)Q = (2.1 X 10~ 4) (110) (0.33) - 8 X 10

s = 2.1 X IQ^Tf/rj _ (2.1 X 10~ 4 ) (110) (100) 
log- 1 [5.9/2.38]

2.31 _ 2.31 
log" 1 [2.479] ~ 301 = 8 x 10-

7" =
= HI

1010"
10 10 2 10 d 10

tlr*,

(min per sq ft)

FIGURE 40. Curve of s w/Q versus logic t/r1̂  for well 45 and solutions for T and 8. 

TABLE 6. Results of flow and recovery tests of artesian wells

Well (pi. 
1, table 7)

1.

5. ...... _-
16-____-__

17....  

23........

24.. .._.__
28........
29.. ....
31... ....

33.

45........

Geologic source

Entrada Formation. . . 

 ..do.................
-...do  ........ ......

Morrison Formation. .

Entrada Formation ... 
.....do.... .............
Entrada and Wingate 

Formations. 
Morrison and En 

trada Formations.

Entrada and Wingate 
Formations.

Open 
hole 

radius,

(feet)

0.17

.21 

.17

.25

.28

.18 

.28 

.28 

.42

.32 

.25

Flow rate 
(gpm)

Start

6.2

75 
14.3

.92

11.0

5.4 
7.3 

12.5 
41.2

3.29 

34.8

End

3.8

23.1 
9.0

.47

6.1

2.3 
4.9 
6.9 

23.4

2.20 

11.4

Duration of
test (min)

Flow 
(*i)

106

130
285

236

225

200 
114 
150 
260

239 

120

Recov 
ery 
(<i)

132
203

120

60

169 
82 

110 
310

116 

69

Draw 
down,

Sw
(feet)

166. 77

150. 54 
78.15

70.76

50.67

62.77 
92.33 
89.09 

118.82

9.00 

104. 31

Specific 
capac 
ity at 
time t\ 
(gpm 

per ft)

0.02

.15 

.12

.007

.12

.04 

.05 

.08 

.20

.22 

.11

T(gpd per ft)

Flow 
method 
(equa 
tion 6)

33

120 
240

9.2

150

36 
90 

120 
300

490 

110

Recov 
ery 

method 
(equa 

tion 11)

110 
230

47

150

35 
80 

125 
290

320 

110

S (equa 
tion 8)

7X10-«

0) 5X10-»

3X10-5

5X10-8

4X1CH 
1.4X10-5 
8X10-5 
1.6XNH

6X10-6 

8X10-3

Percent 
pene 

tration 
of aqui 

fer

100

100? 
40±

100?

100

?
50± 
60± 

100?

40± 

50±

Remarks

Aquifer possibly partly plugged 
with drilling mud; recovery test 
not made.

Tested when depth was 865 feet; 
later deepened to 1,117 feet. 

Poor test; head in three sand beds 
below land surface but head in 
main aquifer above land surface; 
well seal may leak. 

Recovery test stopped by thunder 
storm. 

Do.

Head in Morrison below land sur 
face; head in Entrada above land 
surface.

1 Indeterminate.
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0

25 100

FIGUEE 41. Recovery curve of * versus logio tit' for well 29 and solution for T.

consolidated sandstone, such as those in the Grand 
Junction area, than for wells in unconsolidated material. 
Nevertheless, the considerable range in the values of S 
(table 6) suggests that some of the values of rw may be 
in error, but this range is due in part to different per 
centages of penetration of the aquifers and to variations 
in the thicknesses of the aquifers. No reasonable value 
for S could be determined for well 5; the value of S for 
well 45 (fig. 45) seems too high, and values for wells 
16 and 33 seem low.

For flowing artesian wells in which rw cannot be 
determined, S cannot be determined either, but T can 
be determined by the following simplified forms of

equations 3 and 6: 

T 2.30

rr\ 264

(12)

(13)

The wide range in flow rates is the result of many 
factors, including the thickness, character, and per 
meability of the aquifer; construction of the well; 
amount of shut-in artesian head, which in turn is 
dependent in part upon the length of time the well was 
shut-in; and upon the relative heads in several aquifers 
that supply some wells. For these reasons the specific



ARTESIAN AQUIFERS 99

capacities of the wells (gallons per minute per foot of 
drawdown) are more meaningful indices of the actual 
capacities of the wells to produce water by either natural 
flow or pumping. In general, these are approximately 
proportional to the values of T.

Most of the wells were shut-in only from 13 to 15 
hours prior to a flow test, for the owners generally 
would not release their wells from service for longer 
periods. Longer shut-in periods doubtless would have 
allowed some additional recovery in head (see Remarks 
column for well 28, table 7), but probably would not 
have affected appreciably the results of the tests.

The duration of the flow and recovery tests varied 
widely and, indeed, no prescribed uniform period was 
deemed necessary. The numerical example given above 
indicates that all discharge or recovering head measure 
ments made after about 0.02 minute of discharge or 
recovery are valid; the duration of the test, therefore, 
need simply be long enough to obtain a straight-line 
plot. The discharges and recovering heads change 
rapidly at first, but at the end of from 1 to 4 hours they 
change so slowly that waits of 30 minutes or more may 
be needed to detect any measurable change. When 
such a condition is reached, the test may be stopped. 
Some tests were cut short by thunderstorms, by fluctu 
ations in atmospheric pressure, or by the owners' need 
for the water, but generally sufficient data had been 
obtained from which to determine S. The short dura 
tion of the tests assists in avoiding the spread of the 
cone of depression to nearby boundaries in the aquifer, 
such as other flowing wells.

For tests involving observation wells hundreds of feet 
from a discharging well, however, many hours or days 
may be needed for artesian aquifers, and many days or 
weeks may be required for testing some unconfined 
aquifers.

The principal results of the tests are the values of 
T and S given in table 6. The values of Tby the flow 
and recovery methods are considered to be in close 
agreement except for wells 17 and 33, and well 1 at 
which no recovery test was made.

In plotting the data from the flow test of well 17, it 
was found that the slope decreased abruptly after a 
discharge period of 18% minutes; this abrupt decrease 
suggested the possible presence of a nearby boundary, 
that is, that a new source of water entered the flow 
system and affected the discharge at that time. Com 
putation of the distance to this supposed source bound 
ary gave the surprising answer, 1.4 feet virtually at 
the well. The character of this supposed boundary 
is not known, but possibly it is a well seal (driller's 
record indicates a steel compression seal) that leaks 
slightly when the head is above a certain height but 
closes when the head is reduced. If so, some water

may have been escaping into higher strata during the 
first 18% minutes of discharge, at which time the seal 
closed and the rate of decline in discharge at the well 
head was reduced. Similarly, the recovery curve shows 
an abrupt decline in rate of recovery after about 21 
minutes of recovery, which suggests that the leak was 
resumed at that time by the effect of the increased head 
on the well seal. The driller's log indicates several 
sandstone aquifers below the well seal at 571 feet, which 
are above the main aquifer and which have artesian 
heads below land surface. These aquifers could have 
received water through the well from the main aquifer, 
in which the head was 76 feet above the surface. All 
these factors may have contributed to the poor agree 
ment between the average values of T determined by 
the two methods.

Inasmuch as the curves for flow and recovery tests 
for well 33 have no changes in slope, the discrepancy 
in T values by the two methods may result from the 
fact that this well also taps sandstone aquifers hi the 
Morrison Formation having heads below land surface, 
whereas the principal aquifer, the Entrada Sandstone, 
had a head 9.9 feet above land surface. The value of 
T for well 1 (33 gpd per ft) seems much too small for 
the Entrada Sandstone, and may have resulted from 
plugging of the aquifer with drilling mud and the mud 
in the water. The upper 1,200 feet of this well was 
drilled by the cable-tool method, and the lower 439 
feet was drilled by the hydraulic-rotary method, in 
which prepared drilling mud was used. During the 
flow test, considerable mud came up with the water  
so much, in fact, that the greater density of the water 
and mud doubtless reduced the flow rate, and hence the 
value of T, appreciably. Because of the discharge of 
mud, the well was not again shut-in for a recovery test, 
in order to allow as much of the mud as possible to 
be discharged from the well.

Excluding the value of Tfor well 1, the average value 
of T for the other five wells in the Entrada Sandstone 
that were flow tested was 150 gpd per ft, and the 
logarithmic average of the values of S was 5X10~5 . 
This low value of S suggests that the porosity of the 
Entrada in the subsurface may be less than it is in 
outcrops (table 4) and that the effect of the expansion 
of water alone forms an appreciable part of the co 
efficient of storage.

Well 31 is the only well tested that completely pene 
trated both the Entrada and Wingate Sandstones, for 
which the T and S values of 300 gpd per ft and 
1.6X10"4 seem to be of the right order of magnitude. 
If so, the Wingate, which is generally more than twice 
as thick as the Entrada, has about the same values of 
T and S and a permeability about half that of the
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Entrada. This is suggested also by the laboratory 
determinations given in table 4.

LABORATORY DETERMINATIONS

The mineralogical composition and physical and hy- 
drological properties of nine samples of the Entrada and 
Wingate Sandstones are given in table 4. The relations 
among sorting, porosity, permeability, and content of 
cement are discussed in the sections on these formations 
(p. 24, 25). Even though few samples were tested, 
the results are valuable in considerations of well con 
struction and well performance.

The average permeabilities of outcrop samples par 
allel to bedding planes, 6.6 gpd per sq ft for the Entrada 
Sandstone and 1.6 gpd per sq ft for the Wingate Sand 
stone, are higher than the permeabilities of the beds in 
the subsurface as indicated by the flow and recovery 
tests, which suggest that they may be as low as about 
1 gpd per sq ft for the Entrada and about 0.5 gpd per 
sq ft for the Wingate. Possibly some of the cementing 
material has been removed from the outcrop by solu 
tion, but probably the samples were not sufficiently 
representative of the entire formations and were in 
sufficient in number.

The laboratory tests indicate that on the basis of a 
few samples, the Moab Member is more permeable 
than the Slick Rock Member, and the entire Entrada 
Sandstone is more permeable than the Wingate Sand 
stone. This observation is in accord with statements 
of drillers that the largest flows were in the upper part 
of the Entrada, even though the flow increased as wells 
were drilled deeper into the Entrada or into or through 
the Wingate. This situation is also in accord with 
some of the flow and recovery tests for wells in the 
Entrada Sandstone, in some of which higher T values 
were obtained for wells that penetrate only the upper 
part of the Entrada than in some that penetrated the 
entire formation. Most of the differences in T arid 
specific capacity, however, probably resulted from local 
variations in permeability or conditions of the well faces.

The ratios of permeabilities parallel to the bedding 
and those normal to the bedding range from 1.25 to 35 
and average 7.3. This range is to be expected in bedded 
sedimentary rocks, and demonstrates the desirability 
for wells to fully penetrate the aquifers for maximum 
yields of water. In wells that penetrate only part of 
an aquifer, water is obtained almost wholly from the 
part penetrated, because the water in the lower part 
is greatly hindered from moving upward to the well by 
the low vertical permeability.

RECHARGE

The areas in which the aquifers contain artesian 
water are discussed on page 94. Along the southwest

ern edges of these areas the sandstones crop out and 
receive water (recharge) from precipitation on the out 
crops or from streams that cross the outcrops. Such 
outcrop areas are said to be recharge, or intake, areas, 
where water enters the aquifers and moves slowly down 
the dip of the strata beneath the overlying confining 
beds toward lower areas of natural discharge (p. 103 and 
fig. 44) or artificial discharge, as through wells.

Although some water may enter the outcrops of the 
aquifers directly from precipitation, the amount prob 
ably is very small. The outcrop areas have an arid to 
semiarid climate, and most of the scanty precipitation 
falls as rain in the summer, mostly during afternoon 
thundershowers. The bare sandstone outcrops gen 
erally are hot or warm before such thundershowers, and 
consequently much of the rain that falls upon them 
evaporates rather quickly, but a small part of the water 
from summer rains and a part from rain or snow in 
cooler seasons may seep in.

Most of the recharge probably takes place where the 
outcrops are crossed by streams. In parts of the Red- 
lands the Dakota Sandstone and Burro Canyon Forma 
tion are overlain by irrigated land or crossed by irriga 
tion canals and by drainage ditches, which carry return 
flows from irrigated areas. Such sources probably help 
recharge the sandstones in these formations but, except 
for the canals, such water is of an undesirable chemical 
character because of the content of dissolved minerals 
leached from the soil. Some of the sandstone beds in 
the Morrison Formation may be recharged from such 
sources in other parts of the Redlands, but most of the 
thicker lenticular sandstone beds in the Salt Wash 
Member crop out southwest of and higher than the 
irrigated areas, or along hills or ridges between irrigated 
areas.

The recharge areas for the Entrada and Wingate 
Sandstones, the two major artesian aquifers, are along 
their northeasternmost outcrops at or near the places 
where the solid-line structure contours on plate 1 be 
come dashed lines. Along imaginary lines connecting 
these places, the outcrops of the Entrada and, a short 
distance to the south, the outcrops of the Wingate are 
crossed by many ephemeral streams and by two peren 
nial streams the Gunnison River and North East 
Creek. To the southwest, where the structure con 
tours are dashed, the Entrada and generally also the 
Wingate have been partly or wholly removed by erosion.

Inasmuch as the Kayenta Formation is absent in the 
southeastern part of the area, the structure contours 
southeast of Bangs Canyon represent not only the top 
of the Entrada Sandstone but also the top of a single 
artesian aquifer comprising the Entrada and Wingate 
Sandstones. Excellent recharge facilities to this aquifer 
are provided where the outcrops are crossed by the
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Gunnison River and covered by associated saturated 
alluvium. However, no wells deep enough to reach the 
Entrada are known in areas generally downdip from 
this point, as in the vicinity of Whitewater. Moreover, 
because of the gentle gradient of the Gunnison River, 
Whitewater is only about 100 feet below the recharge 
area nearly 5 miles to the south; consequently artesian 
wells drilled in the vicinity of Whitewater probably 
would not flow at the land surface because of the head 
loss between the two points.

The outcrops of the combined Entrada and Wingate 
Sandstones are crossed also by ephemeral East Creek 
at an altitude of about 5,800 feet and by perennial 
North East Creek at an altitude of about 6,800 feet. 
As shown on plate 1, these two recharge areas are, 
respectively, about 900 and 1,900 feet above outcrops 
along the Gunnison River just a few miles to the north 
east; it seems likely that at least part of the water 
from one or both of these recharge areas may move 
toward the Gunnison River valley and be discharged 
from outcrops on the west side of the valley at points 
above the area where the Gunnison River recharges 
the same aquifer. The outcrops appeared dry when 
viewed from the accessible east side of the valley, but 
any discharge would soon drain most of the strata far 
back from the outcrop. However, a part of the re 
charge from East and North East Creeks may con 
tribute to the aquifer in areas directly downdip (at 
right angles to the structure contours) and farther to 
the north or northwest. Recharge from these two 
streams, however, probably does not reach the vicini 
ties of any of the artesian wells.

No recharge points to the Entrada and Wingate 
Sandstones are known within the mapped area between 
North East Creek and Ladder Creek, with the pos 
sible exception of a small outcrop area in the NE% sec. 
16, T. 13 S. f R. 100 W., along the Bangs Canyon fault, 
and along outcrops about 25 miles southwest.

If the plane of the Bangs Canyon fault is relatively 
impermeable, the fault would prevent recharge from 
the small outcrop area. If even slightly permeable, 
however, it might transmit small amounts of water 
downward to the aquifers on the north side of the 
fault, from the outcrop area and from small ephemeral 
streams that cross the fault.

The Entrada and Wingate Sandstones crop out north 
east of the axis of the Uncompahgre arch along the 
north wall of Unaweep Canyon, about 25 miles south 
west of the Bangs Canyon fault. The strata extend 
for some distance along the outcrops and dip only 
about 2° to the northeast, but some water may enter 
the outcrops from small tributaries of West Creek and 
reach the mapped area. Such water may be discharged 
at downstream low points, such as along East and

North East Creeks, however, and may not reach the area 
of potential development in the Grand Junction area.

Plate 1 shows that the principal recharge points for 
that part of the Entrada and Wingate Sandstones and 
sandstone beds in the Morrison Formation that supply 
water to the wells are the northeasternmost outcrops 
of these aquifers crossed by Ladder Creek, No Thor 
oughfare Canyon, and the many small ephemeral 
streams between No Thoroughfare Canyon and the 
western border of the mapped area about 3% miles 
southwest of Fruita. Although each of these streams 
contributes some recharge, the most important is No 
Thoroughfare Canyon, which has the largest drainage 
area and is most nearly updip from the area of greatest 
development by wells.

The recharge area of the Entrada Sandstone in No 
Thoroughfare Canyon is shown in figure 42, that for 
the Wingate Sandstone is a few hundred feet upstream, 
and that for the principal sandstone lenses in the 
Morrison Formation is about half a mile downstream. 
After a severe thundershower in the headwaters region, 
the stream may attain a depth of several feet for a few 
hours, then subside rapidly. The coarse alluvium, 
which may be about 20 feet thick, remains saturated 
for several days to a week ,or more after the surface 
runoff ceases, and thus provides a large volume of water 
resting on and against the aquifers. Because of the 
low permeability of the aquifers and the fact that the 
aquifers in the recharge areas are full of water, how 
ever, the rate of intake is very slow.

The Redlands fault was "walked out" in detail not 
only to map it and the upturned sediments on the north 
east side, but to determine if the Entrada and Wingate 
Sandstones are cut off by the fault at any point and 
thus are deprived of possible recharge. In a few places 
the lower part of the Wingate is cut off by the fault, 
but elsewhere the Entrada and Wingate are continuous 
along the fault. The two sandstones are thinned by 
shearing, squeezing, and possible minor faulting, which 
have increased the porosity and permeability sufficiently 
that they can readily receive water from the many 
ephemeral streams that cross the outcrop. However, 
the amount of water taken in is limited by the low 
permeability of the rock below the sheared and broken 
outcrops.

The possibility that some variations in artesian head 
may have resulted from variations in recharge rates is 
discussed on page 113.

VELOCITY OF ARTESIAN WATER

Some well owners and drillers in the Grand Junction 
area have asked how fast the artesian water moves 
from the outcrop, or recharge, areas to the wells. The 
average velocity can be determined from known or
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FIGURE 42. Recharge area of Entrada Sandstone in No Thoroughfare Canyon. Looking north across meander of stream near large cottonwoods in NWJ-4 sec. 32, T. 
1 S., K. 1 W., Ute P.M. Water in saturated alluvium, several days after flow in stream, is feeding water slowly into Entrada both downward and northward. 
Entrada dips 7° N.E., away from camera.

assumed factors, using the equation (Wenzel, 1942, 
p. 41):

PI
= 7.48 6

(14)

in which v= velocity, in feet per day; P= coefficient of 
permeability, in gallons per day per square foot; /= hy 
draulic gradient, in feet per ft; 7.48=number of gallons 
in 1 cu ft; and 6= porosity, as a decimal fraction.

As an example, assume that all the water that reaches 
well 5 comes from the outcrop of the Entrada Sandstone 
at the mouth of No Thoroughfare Canyon, that there 
are no other wells, that the well is shut in, and that 
the head is 150 feet above land surface (as in 1947, 
table 7) or at an altitude of 4,765 feet. The outcrop 
mentioned has an altitude of about 5,100 feet and is 
about 6.2 miles or 32,800 feet from the well; the hy 
draulic gradient under these conditions would be 
(5,100 4,765)/32,800= about 0.01 ft per ft. The aver 
age coefficient of permeability of the Entrada Sand 
stone from the flow tests is about 1 gpd per sq ft, and

the average porosity from laboratory tests of a few 
samples (Table 4) is 22 percent. However, as noted on 
page 100, the average permeability of the outcrop sam 
ples was greater than indicated by the flow tests, con 
sequently the porosity of the aquifer in the subsurface 
probably is considerably less than at the outcrop, per 
haps only about half as much, or about 10 percent. 
Using equation (14)

(lgalday-'ft-»)(0.01)_0 01 « ft Der dav
V~ (7.48 gal ft-3) (0.1) -0-013 it per day.

This velocity, which is only about 5 feet per year, is 
the average velocity under the assumed conditions to 
a shut-in well; the velocity in more permeable parts of 
the aquifer might be several times as great, and that 
in less permeable parts might be a small fraction of 
this rate. The average velocity while the wells are 
discharging would be greater than this amount.

Under the assumed nondischarging conditions, there 
fore, about 6,500 years would be required for water 
following an average flow path in the Entrada Sand-
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stone to move from the assumed recharge area to well 
5, and about 3,000 years would be required for water 
to move to the large group of wells in the eastern part 
of the Redlands and the western part of Orchard Mesa. 
The oldest wells in the area have been discharging only 
about 50 to 60 years and the greater velocity under 
discharging conditions has not appreciably hastened the 
transit of the water.

The very slow average velocity of the water indicates 
that probably most of the water obtained from artesian 
wells in the area to date has come from artesian storage 
in the manner discussed on pages 93, 94.

NATURAL DISCHARGE

The water taken in by the artesian aquifers at the 
recharge areas described above moves very slowly down- 
dip northeastward toward the axis of the Piceance Creek 
basin, where the Entrada Sandstone is estimated to lie 
more than a mile below sea level and where the other 
aquifers, if present, lie at comparable depths. Water 
also moves southwestward toward this axis from out 
crops north of the Grand Hogback monocline. Not all 
the water moving toward the axis of this structural 
basin reaches the axis, however, or there could be no 
such movement. Even though the confining beds have 
very low permeabilities, the upper surfaces of the aq 
uifers have areas of many thousands of square miles; 
in the aggregate a significant amount of water may 
thus escape upward to the surface. Any permeable

fault planes or fault zones within this large area also 
would allow the escape of water. Over a long period 
of time the aggregate rate of such natural discharge 
by upward movement is equal to the aggregate rate of 
recharge, except for the trifling amount of water that 
has been discharged from wells.

Because the rate of such upward movement of water 
is so small and is distributed over such a large area, 
no surface evidence of escaping water, such as moist or 
wet rocks, was noted. The rate of upward movement 
seemingly is too small to saturate the overlying rocks, 
and such water as may reach the surface probably is 
in a gaseous state.

Inasmuch as the water discharged at the surface can 
not be detected by ordinary means of measurement, as 
by discharge measurement of streams, such an artesian 
basin may be regarded for all practical purposes as a 
closed artesian basin that is not measurably contribu 
tory to the streams. It might be said, however, that 
streams are robbed of water by the recharge of the aq 
uifers along tributaries that cross the outcrops of the 
aquifers, but the amounts of such losses also are too 
small to measure by ordinary stream-gaging procedures 
for they are probably less than the error of such meas 
urements.

ARTESIAN WELLS

Artesian wells are defined technically on page 93; 
there now remain to be considered several practical 
aspects of such wells in the Grand Junction area.

721-906 O-65 10
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TABLE 7. Records of artesian

All wells were drilled by cable-tool method except wells 9, 24, 40, and 43, and lower
Well: Parentheses around number indicate that analysis of water is given in table 8.
Location: Location based on Ute principal meridian and base line are designated
Depth: All are reported depths.
Finish: O, open hole; P, perforated casing above open hole.
Geologic source: "fiw, Wingate Sandstone; "fik, Kayenta Formation; Je, Entrada
and Burro Canyon Formation.
Discharge: F, natural flow; P, pumped; E, estimated; M, measured; R, reported.
Method of lift: F, natural flow; J, jet pump; N, none; ST, submersible turbine;
Use of water: D, domestic; H, hauled; I, industrial; N, none; P, swimming pool;
ceding H indicates number of 1,100-gallon tank trucks filled per day.
Water level: Measured water levels given in feet and tenths of feet, reported water
Remarks: H2S=hydrogen sulfidegas; logs referred to are given in pages 130-142; aquifer tests

Well (pi. 1)

(1). .............

2           

3

4--   --------

(5).  ....... ...

6-.--- .- .

7 .

8------ --   

9-    --------

10        

(11)-..-.     

(12)...   .......

13        

14          

(15)-     .    

(16)....... ......

(17)         

18         
(19)-     

(20)-        

01 \
(22). ............

(23)

(24).         

Location

T. 1 N., R. 1 W. U. 
SWMSEM sec. 29      

T. 1 N., R. « W. U. 
NWJ^NEJi sec. 29..    

NEJiNEMsec. 32      

SW^NWM sec. 33 -   

T. 1 S., R. 1 E. U. 
NWJ£NWJ^sec. 18  -~ 

NEMSWMsec. 29      

T. 1 S., R. 1 W. U. 
SW^NWM sec. 5      

SWMSWM sec. 1..... .......

SEJiSWJisec. 7. --------

NW^SEJi sec. 10     

NW^SWJi sec. 15     

NWMSEM sec. 16     

SE^SEM sec. 16    -----

SEMSEM sec. 16   -  - 

SEJiSEJisec. 16       

NE^NEM sec. 21     

SE^NEM sec. 21 -.      --

SEMNEJisec. 21.      .
NE^SE^ sec. 21- ... ..  . .

NE^NWJi sec. 22     

SW^NWM sec. 22 .    
SEMNWMsec. 22   -

NWH SWH sec. 22_   .__

NW^ SWH sec. 22...  

Owner

School.

Keith Young           ___ ...

Lloyd Files.--   -------   . 

W. R. Hall               

-  do       ... ...      

H. D. McCallum.. ... ...    ....

DrUler

Chvilicek.

... -do              

-. do             

F. B. Dykes..--     -----

   do... .. -    - .

.  -do.....         

Sturm.

Mesa DrUllng Co_ --------

Year 
drilled

1949

IQ^fi

1955

1957

IQdft

1954

1955

10^^

1QEC

1Q*fi

1950

1950

1955

lov;

1951

1940

1QJ.7

IQ^A
10^9

1947

1QOQ

1947

1947

1946

Depth 
(feet)

1,639

684

655

500

1,615

1,560

1,215

853

891

1,176

978

1,397

61

956

1,117

573

EOO

996

091

097

810

869

665

Diameter 
(inches)

12-4^.  

8J£«H  .

8-6    

14-8-   -

8K-6   

8-4H   

8-6-    

8-3   

6-5H   

10X-6M 

8-5     

14-6    

8-5------

8-6   

?-5M    -

7-4  -----

8M-4-   -

8-5.-----
8-5M   

8M-6^  -

T-6H   

10-6^  

4H    -

Depth 
of 

casing 
(feet)

1,487

519

114

200

1,264

1,400

1,130

853

891

1,115

852

890

560

61

865

573

523
996

804

742

680

545

Finish 
(method 
and feet)

0, 152    

P, 123---   -
O. 165    
O, 536  -

O, 300    

P, 351    

O,160...-_  

O,85..    

P,80    ...

P, 49 -  

0,61     

O, 126.   

O, 507    

P, ?....   -

P, 20     

0, P.     

P, 30------
O,235----

O,102------

P, 53-.    
O, 262    

0,121.    

O,68 ---

0, 189- ---

0, 120.  --
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wells in the Grand Junction area

part of well 1, which were drilled by hydraulic-rotary method.

by U.; other locations are based on 6th principal meridian and base line.

Sandstone; Jm, Morrison Formation (Salt Wash Member); Kdb, Dakota Sandstone

T, turbine. All pumps electrically operated.
S, stock. Number preceding D indicates number of houses connected; number pre-

levels given in feet.
referred to are given in table 6; geologic symbols are explained above in "Geologic source."

Geologic 
source

Je  .........

"Ew, Je, Jm_-

Je       

Je--      

Je       

Je

Je       

Je

Kdb    

Je-      

Tiw.Tik, Je  . 

Je  ------

Je    . ---
Je       

Je     ....

Discharge 
(gpm)

F 3.8 M 
F % E

F 3 E 
P 50=fc R 
F H E 
P 14± R 
P 16 R

F 21 R 
F 23 M 
P 16 R

F 2J3 R 
P 25± R

F 12 R 
F 9 R 
P 45 R
F \yz R
P 12 R 
F 1± R 
PlOJ^ R 
F 5 R 
P 20 R 
F 12 R 
P 15 R 
F 5.2 R 
F 9 R 
P &A R

F 1± R 
P &A R 
F 2J3 R 
P 15 R

F 5 E 
P 5± R 
F 12 R 
F 9.0 M 
F 2.3 M 
P 35 R 
P 20± R 
F 0.5 M

F 5 R 
F 13 R

F11.9 M 
P 30 R

F 15. 1 M 
F 30 R 
P 50 R

F 6.1 M 
F H R 
P 23 R

F 2.3 M

Date of 
measure 

ment, 
estimate, 
or report

7-19-50 
4-18-60

4-18-60 
4-18-60 
6-17-55 
4-18-60 

5-57

6- 1-47 
7- 8-47 
4-14-60

10-16-54 
4-19-60

9-2-55 
1-59 
4-60 

10- 3-55 
4-14-60 

11-23-55 
11-23-55 
5-19-56 
4-14-60 

12- 4-50 
4-18-60 

10-19-50 
7-53 

4-18-60

6-17-55 
4-18-60 

4-55 
7-27-56

8-22-55 
4-19-60 
3- 8-40 
7-18-46 
7- 5-50 
7-25-55 
4-18-60 

10-21-47

5-10-56 
6- 1-52

10-23-47 
4rl9-60

6-13-46 
4- 4-47 
4-14-60

7- 9-47 
1958 

4-14-60

7-23-46

Method 
of lift

F

F, ST 

F, T

ST

F, ST

F, ST 

F, ST

F, ST 

F, ST 

F, ST 

F, ST

F, ST

F, ST 

J

ST 

ST

J

J 
F

F, ST

F, ST 
F, T

ST 

F

Use of 
water

D

N 

ID, 10H 

D

7D, 10H

D, S 

3D, 30H

16D, 6H 

13D 

4D, 18H 

I 

D, P

6D

N

ID

ID, 25- 
30H

5D

2D 
6D

60D, 
1-2H

D, S 
15D, 

18H

60D 

2D

Measuring point

Description

Top collar on 12-in. 
casing.

Top lower part of 
bushing.

Top concrete well 
enclosure, north 
side.

Top 5J^-in. casing, 
north side. 

Top L on top casing. .

Top concrete well 
box, north side.

Top 7-in. collar....  

Top6-in. T- ------

Top low part of 4-in. 
plug.

Top cap on casing .....

Distance 
above (+) 
or below 
(-) land 
surface 
(feet)

0.0

+1.5

+.9 

+.9

.0 
-1.6

-1.05

-1.0

+1.15

.0 
+1.1

+2.1 

+2.6

Height 
above 

mean sea 
level 
(feet)

4, 615. 7

4, 679. 4 

4, 639. 2

4, 555. 6

4,637.7 
4, 567. 0

4, 720. 9 

4, 660. 7

Distance 
to water 

level above 
(+)or 

below (  ) 
measuring 

point 
(feet)

+169. 5

(+) 

(+)

+150. 5 
+115. 0 
+103. 0 
+ 96.3 

(+)

(+)

(+) 

(+) 

+155

+101. 2 
+ 42+ 
+ 48.2

(+) 

+ 3

+ 34.4 
(-) 
+ 81.8 
+ 45.9 
- 54

+ 76.6 
+ 80.2 
+ 82.1 
+ 57.3 

(+) 
+ 53.8

+134.0 
+123.4 
+122. 5 
+ 50+ 
+154. 6 
+125. 7 
+117.0

+ 50.7 
+ 39.7 
+ 30.8 
+ 23.0 
+ 11.2 
-100± 
+ 62.8 
+ 84.6 
+ 55.1 
+ 78.8 
+ 71.0 
+ 81.5 
+ 61.1

Date of 
measure 
ment or 
report

7-19-50

7- 8-47 
9-22-48 
7-26-49 
7-21-50

5-19-56

8-23-52 
4-18-60 
5-23-52

7-27-56

8-22-55 
4-19-60 
7-18-46 

10-22-47 
7-25-55

10-21-47 
7-26-49 
7-19-50 
8-24-52

8-23-52

9-22-48 
7-27-49 
7-21-50 
8-31-45 
7-11-47 
9-23-48 
7-27-49

7- 9-47 
10-24-47 
9-23-48 
7-20-50 
8-21-52 

4-60 
7-24-46 
7- 8-47 

10-24-47 
9-23-48 
7-26-49 
7-20-50 
8-24-52

Remarks

Water contains HjS; see log and aquifer 
test.

May later supply houses; water con 
tains HjS; see log. 

Average discharge given; pump capac 
ity for short periods 50 gpm; see log. 

Water level reported at surface; see 
log; well about 350 ft, to east is 762 ft 
deep and reached Entrada at 225 ft.

Natural gas in Kdb at 730 ft; 3 gpm 
water in Jm at 1,218 ft; see log and 
aquifer test.

See log.

Well flowed salt water from Kdb at 
559 ft; see log.

See log. 

Do.

Flowed 3 gpm from Jm at 861 ft; see 
log. 

Flowed 2 gpm of salt water from Kd b 
at 191 ft; see log. 

1950 flow from Je when well 1,001 ft 
deep; 1953 flow after well deepened 
to 1,397 ft through Ik, 1w, and 4 
or 5 ft of "Ec; flow increased from 3.3 
to 7 gpm at 1,031 ft in 1w, then 
gradually to 9 gpm in next 50 ft; see 
log.

Water reported salty and to contain 
HaS; 4-18-60 reported filled to within 
29 ft of surface. 

Temp. 62° F.; flow diminished to 3 gpm 
then stopped flowing prior to 4-19-60. 

Well in J e at depth 865 prior to deepen 
ing 7-25-55; see aquifer test and 
analysis of water for J e only; see log.

Water in Kdb at 119 ft, see log and 
aquifer test.

See log. 
Flowed 3J^ gpm from Jm at 515 ft, 2 

gpm from Je at 769; flow increased 
to 8Ji gpm in 3-ft crevice in "Ek at 
940-943 ft, then to 13 gpm in "Ew; see 
log. 

Flow of about 10 gpm from J m at 555- 
590 ft available between two casings 
but not used; see log. 

See log. 
In August 1960 well still flowed after 

periods of non-pumping ranging from 
Yt hour to 24 hours; see log.

See log and aquifer test. 

See aquifer test.
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TABLE 7. Records of artesian

WeU (pi. 1)

(25)      

(26)         

(27)-     

(28).-

(29)      

(30).      

(31)        

(32)...  .......

(33)-       

34         

35         

36.       
37.         

38.       

39.-----   .

40-          

41     

42.           

43.          

44  --------

(45)-        

46-          

47----   --.

48         

Location

T. 1 S., R. 1 W.~ U  Con. 
SW^ SWH sec. 23     

NEJi SW^i sec. 24    

SWJtfNWJisec. 26     .

SWJiNWJisec. 26-  .  .

NW>i NEJi sec. 26     

NEJi NWJi sec. 26     

NWJi NWJi sec. 26  ---

NWJi SEJi sec. 26.     

SWJi NWJi sec. 29.    

SEJi SWJi sec. 30      

SEJi SEJi sec. 30-.. -------

T. 11 S., R. 101 W.
S3^ sec. 14.  ------------
NEJi NWJi sec. 16     

SW^i SEJi sec. 16  .-  

NWJi SWJi sec. 16.-    

SWJiSEJisec. 16      

SWJi NEJi sec. 21..   .

NWJi SWJi sec. 22.     

NEJi SE^i sec. 22.     

NWJi SEJi sec. 22.  - -.

NWJi SEJi sec. 23   .

SEJi NBJi sec. 27     

NH sec. 27.    -------

Owner

S \XT f /\lMrto

National Monument) .

K. C. Merling  -----------

G '\Jf A^nTfaol

J. L. Daily             

Welby Schrader.  -  ---------

L. C. Hoggett...           

J. A. Watson.....           .

W. V. Stone.           

DriUer

C ^T WilGfm

T W A/fnnro

Billy Doyle       -

C. T. Wilson    ------

  ..do              

- do..  ...   ....   ....

Pinkerton.

Isaacs.

Year 
drilled

1945

1926.

1Q4Q

1946

1945

1936

i ona_ftd

1QA9

1QAR

1946

1954

1955
1QEQ

1QRR

1958

1QRQ

1955. 
1959

1QRR

1QE7

1946

10^7

1952

1QRR

Depth 
(feet)

855

1,660

913

940

870

1,050

1,213

850

575

444

258

130
1,030

579
OCA

475

350±

310

393
OCA

922

232

610

105

Diameter 
(inches)

5H-4--  

10-4    

10-4    

8K-6H  .

ft-J.

10-?    

6-6H   

8-7H   

6  .    

8-6     .

8%-6^  
12-6    

6-6H   

10-5M  --

5H-   

6      

8-5     

8^-4H-  

8-6    

8-6   

6^-4K  -

Depth 
of

casing 
(feet)

850

936?

766

850

550

550

80

190

130
720

350

200

393

286

585

180

290+

105

Finish 
(method 
and feet)

O

O, 63... -----

O, 4?

O, 104... ....

P, 200    

O,300    .

P, 100-  
O, 26    -

O, 364-   

O,68    

P, 60    
P,31   -  
O, 310    
O,330-350._

P, 177-200...
O, 50  -----

P, 263-387 

O, 64    

O, 337    

P, 173-180.-
O, 52.

P, 20-    

HISTORY OP DEVELOPMENT

The first deep wells in the Grand Junction area re 
portedly were drilled in the hope of finding oil or gas, 
but when water was found instead, they were completed 
as flowing artesian wells. Statements of old residents 
(Carl M. Bennett, Director of Public Works and Plan 
ning, city of Grand Junction, written communication, 
Nov. 7, 1946) indicated that well 31 was drilled in 1903 
or 1904, and this well may have been the first flowing 
artesian well in the area. According to fragmentary 
records obtained from the Grand Junction office of the

Public Service Co. of Colorado, well 26 was drilled prior 
to 1926; it could have been put down earlier than well 
31. Additional wells, listed in records dated 1934-35 
from the same source but which may later have been 
abandoned or plugged or both, include the following, 
all in T. 1 S., R. 1 W., Ute P.M.: D. and R. G. W. R. R{ 
well 1, in the NW% sec. 23; Ketchum well, in the NE), 
sec. 23; old 1 weU (704 feet deep), in the SW^ sec. 13; 
North 8th Street well (1,010 feet deep), in the NE^ 
sec. 14; and Holly Sugar Co. well 2, in the NEK sec. 24. 
Drilling dates for these wells are not available, but any 
of the wells could have been the first well drilled.
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wells in the Grand Junction area Continued

Geologic 
source

Je      --

Je------ -

Je       

Je       

Je      

Je       

Je       

Kdb -    -

Jm... --------

Je  .    -

Je ?     _._

Je ?    ....

Je       -

Jm. .. --------

Je       

"Rw, Je...-  

Je     ... .

"fiw, Je...- _

Discharge 
(gpm)

F 16 R 
F 14 R 
F 11.3 M 
P 33 R
F 8.1 M

F 10± R

F 16 R 
F 4.9 M

F 9 R 
F 6.9 M 
P 18 R 
F12.3 M 
F 10. 9 M 
F 36 R 
F23.4 M 
F15.8 M 
F 5± E

F 7.6 M 
P 10± R

F 2. 2 M 
F 0 M

P 15 R

P 10 R 
F 2 R 
F 2 M 
F 1 R 
F H E

F iy2 R 
F 1-2 E

F 2 R
F iy2 R
F 5 R 
F 3 E 
FIR 
F 1 E 
F 15 R 
F11.4 M 
P12H R

F 2 R 
F X R 
P 15 R 
F 3 R

FOR

Date of 
measure 

ment, 
estimate, 
or report

1-19-45 
7-46 

10-21-47 
4-18-60 
7-26-46

12-12-49

8-15-46 
9-22-48

4-45 
7-25-46 
4-14-60 

5-47 
10-21-47 

1908 
11-46 

10-23-47 
4-11-60

10-23-47

7-17-46 
4-14-60

4-14-60

1-17-55 
5-20-59 
7-19-60 
5-21-55 
6-18-55

5-59 
7-19-60

6-15-59 
4-18-60 
9-20-55 
4-14-60 
9- 4-57 
4-18-60 
4-15-46 

10-22-47 
4-18-60

4-26-57 
4-18-60 
4-18-60 

until 
1954. 

after 
1954.

Method 
of lift

F, ST

F

F, J 

F

F, J

F, ST 

F

F,T

N

N 

T

J
F

F 

ST 

F 

J 

F 

F, J 

F 

F, ST

F, ST 

J

J

Use of 
water

15H

S

D 

D

4D, H

D, 12H 

H

2D

N

N 

D

D 
D, S

D 

S 

D 

D 

D 

S 

D 

D, H

D 

D

D

Measuring point

Description

Top highest part of L 

Top concrete slab in 
front lawn. 

Topl2-in. collar .  

Top concrete cistern, 
northwest corner.

Top welded cap on cas 
ing.

  do        

Distance 
above (+) 
or below 
(-) land 
surface 
(feet)

+1.6

.0 

+0.5

+1.8

0

+1.7

+1.5

+2.4

+1.5 

.0

+1.4

Height 
above 

mean sea 
level 
(feet)

4, 576. 2

4, 641. 7

4, 630. 9

4, 626. 0 

4,621.8

4, 685. 2

4, 862. 8 

5, 042. 7

4, 690. 3

Distance 
to water 

level above 
(+)or 

below (  ) 
measuring 

point 
(feet)

+150±

+ 13.6

+ 92.9

+111.2 
+ 93.4 
+130. 5 
+107. 4 
+ 85.7 
+ 89.1 
+ 70.7

+138 

+119. 5

+ 70.2 
+ 73.5 
+ 65.0 
+ 39.8 
+ 9.9

- 40± 
- 47.4 
- 32

(+) 

- 50±

(-) 

(+) 

(+) 

(+)

+ 43.6 
+101. 7 
+ 88.3 
+ 93.4 
+ 92.5 
+ 89.7 

(+)

- 30±

(-)

Date of 
measure 
ment or 
report

1-19-45

7-26-46

7-20-50

7-10-47 
9-22-48 
7-26-49 
7-20-50 
8-21-52 
7-25-46 
7-10-47

1936 

7-16-46

9-23-48 
7-27-49 
7-20-50 
8-22-52 
7-17-46

7- 3-46 
9-11-47 

1959

1958

6-18-55 

4-18-60 

4-14-60 

4-18-60

7-19-46 
7- 9-47 
9-24-48 
7-27-49 
7-20-50 
8-22-52 
4-18-60

4-14-60 

4-18-60

Remarks

See log.

Head and flow greatly reduced by 
water leaking upward around outside 
of casing; drilled as oil test; see log. 

See log.

Water in Kdb at 200-300 ft; first two 
water levels measured after shut in 
of 12 hours, others after shut in of 
several weeks; see log and aquifer 
test. 

Small flow from J m at 575 ft cased off; 
see log and aquifer test.

See log.

Attempts to shut in well between 
periods of use resulted in leak through 
casing to surface, reducing head and 
flow; drilled as oil test; see log and 
aquifer test. 

Well deepened 50 ft after 1948 head 
measurement.

Water believed moving from Je into 
Jm through perforated casing; see 
log and aquifer test.

See log.

Water in Kdb at 75 and 137 ft, Jm at 
373 ft, see log. 

Temporarily plugged at 350 ft, ended 
in Jm at 579, may drill deeper to Je.

See log. 

Do.

First head measurement before leaky 
casing repaired, later measurements 
after repair; see log and aquifer test.

Of the 48 wells listed in table 7 and shown on plate 1, 
only 14, or 29 percent, had been drilled when this in 
vestigation began in the summer of 1946. At that time 
all but one well (34), which is near the outcrop, were 
flowing and were thought by most of the owners to be 
virtually inexhaustible. The desire of other property 
owners for similar flowing wells plus the natural growth 
of Grand Junction and suburban areas such as the Red- 
lands and Orchard Mesa led to the drilling of 27 addi 
tional wells, or 56 percent of the total, during the ensu 
ing 10-year period 1947-56. Long before the end of 
this period, interference between wells had caused con

siderable decline in artesian head, particularly in the 
areas of greatest well densities; flows had reduced or 
stopped, some well owners had installed pumps, and 
the enthusiasm for putting down similar wells had di 
minished somewhat. Thus, from 1956 to 1960 only 7 
additional artesian wells, or 15 percent of those listed, 
were drilled.

CONSTRUCTION

Forty-three of the 48 wells listed in table 7 were 
drilled by the cable-tool method, and 5 wells were 
drilled all or in part by the hydraulic-rotary method.
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In the cable-tool, or percussion, method, a heavy 
string of tools attached to a steel cable, is alternately 
and rapidly raised and dropped upon the bottom of the 
hole. The tools comprise a sharpened removable steel 
drill bit at the bottom, a long steel shaft for weight, 
and a set of sliding jars at the top to permit lifting the 
bit with a jerk to free it from the hole or accumulated 
rock fragments. Water is introduced into the hole pe 
riodically until water is reached in drilling. The water 
lubricates the bit and allows removal of rock fragments 
and water by bailing at intervals. Steel casing is low 
ered or driven into the hole to keep pace with the 
drilling, for many soft rocks tend to cave unless cased

In the hydraulic-rotary method, a sharpened drill bit 
is rotated rapidly against the bottom of the hole and 
is thrust against the bottom either by the weight of the 
hollow steel drill pipe alone or by added hydraulic 
thrust. The rock fragments loosened by the bit are 
continuously washed to the surface by a stream of 
fluid pumped under pressure down the hollow drill 
stem, through nozzles in the drill bit, and back up the 
drill hole to a pit at the surface. The fluid serves also 
to cool and lubricate the bit. Generally a prepared 
drilling mud containing bentonite is used, but well 24 
was drilled using clear water from an adjacent irrigation 
ditch. Use of muds of higher viscosities and densities 
than water permits lifting larger and heavier rock 
fragments and also coats the inside of the drill hole 
with a layer of mud, and thus tends to prevent caving. 
If little or no caving is experienced, some wells drilled 
by this method are not cased until after full depth, or 
an artesian flow, is reached. Well 1 was drilled to a 
depth of 1,200 feet by the cable-tool method, then 
completed to the total depth by the hydraulic-rotary 
method.

Generally it is not possible to complete wells as deep 
as most of those in the Grand Junction area by the 
cable-tool method with only one casing, because friction 
generally prevents driving one casing more than a few 
hundred feet. Drilling is therefore generally begun at 
a diameter larger than the finished well is planned, such 
as 8, 10, 12, or 14 inches; then when a larger casing 
cannot be driven deeper, a smaller bit is used below the 
bottom of the first casing, followed by a casing of smaller 
diameter. Most of the wells for which casing records 
are available contain two separate casings, but a few 
contain one to four casings. In table 7, the largest and 
smallest known casing or hole diameters are given. In 
completing the flowing artesian wells in the Grand 
Junction area, it was necessary to seal one or more of 
the strings of casing against the rock at some point 
above the top of the artesian aquifer to prevent upward 
escape of water between the casing and rock wall or 
between two casings. Many different types of com

mercial or homemade well seals were used, and some 
such seals were augmented by gravity or pressure 
cementing of the annular space between one or more 
outer casings and the rock wall. In some wells, cement 
forms the only seal. In spite of such precautions, in 
a few of the wells water is leaking to the surface around 
the outer casing. In a few of the older wells such leaks 
may be due to weakening and eventual puncturing of 
the casings by rusting.

The lower parts of the wells extending into or through 
the artesian aquifers were finished in one* of several 
different ways. Most of the holes into or through the 
aquifers are simply uncased open holes, for the sand 
stone beds generally are sufficiently cemented to remain 
open with little or no sanding. In a few wells, perf 
orated pipe extends into or through the aquifer to 
deter or prevent possible sanding or collapse. Two of 
the wells are finished with well screens surrounded by 
gravel to prevent possible sanding or caving. Screen 
ing and gravel packing generally are essential only in 
some unconsolidated aquifers.

Before most of the flowing artesian wells were 
equipped with pumps, the inner casing served to con 
duct the water to the surface. Generally a threaded 
reducer or bushing was welded to the top of the inner 
casing so that suitable pipe connections could be made, 
and this procedure facilitated connections to the wells 
for making flow and recovery tests (fig. 39).

YIELD AND SPECIFIC CAPACITY

The measured flows and specific capacities of wells 
on which flow tests were made are given in table 6 and 
discussed on page 99; the measured or reported yields 
by natural flow or by pumping of most of the 48 wells 
are given in table 7.

Before pumps were installed, most of the wells yielded 
water solely by natural flow. Wells having sufficiently 
large artesian heads generally were connected directly 
to home water systems or to elevated storage tanks 
(fig. 39), but some having small heads and flows were 
allowed to flow into cisterns from which water was 
pumped when needed. Under such conditions the wells 
were operated at nearly constant drawdowns and grad 
ually diminishing discharge rates, and the reference 
points below which the drawdowns occurred were the 
heights above land surface to which the water would 
rise when the wells were shut-in.

The left end of each curve in figure 43A shows the 
drawdown after 30 days of discharge for stated rates 
of discharge from a flowing artesian well 6 inches in 
diameter (rw =0.25 ft) tapping the full thickness of the 
Entrada Sandstone and having average values of T 
and £ of 150 gpd per ft and 5X10~5 . Under these 
average conditions, after 30 days continuous discharge



109

a well flowing 10 gpm would have a drawdown of 150 
feet, and one flowing 20 gpm would have a drawdown 
of 300 feet. Inasmuch as only four wells in the area 
had initial artesian heads of as much as 150 feet above 
land surface (wells 1, 5, 10, and 22), and no wells had 
heads as high as 300 feet, the reader may wonder as 
to the meaning of these figures. We may assume, for 
example, either that a well having a head 150 feet above 
land surface was pumped at 20 gpm and that the water 
level declined to a point 150 feet below land surface, 
for a total drawdown of 300 feet, or that a well whose 
water level was just at land surface was pumped at 
20 gpm and that the water level declined to a point 
300 feet below land surface, again for a drawdown of 
300 feet. In either example, 10 gpm per 150 ft or 20 
gpm per 300 ft=a specific capacity of about 0.07 gpm 
per ft (p. 99). This average value of specific capacity 
for the Entrada Sandstone is smaller than some of the 
values given in table 6, which were computed after only 
2 or 3 hours of discharge while the discharge rates were 
still declining slowly, whereas the average values shown 
in figure 43-4 were computed for 30 days of continuous 
discharge. After periods of discharge longer than 30 
days, the specific capacity would be slightly less than 
the value given.

For wells that obtain water from the full thicknesses 
of both the Entrada and Wingate Sandstones, for which 
the values of T and S are about twice that for the 
Entrada alone (p. 99), or about 300 gpd per ft and 10~4 , 
the same discharge would produce only half the draw 
down, or the same drawdown would produce twice the 
yield. Under this condition the specific capacity after 
30 days of discharge would be 20 gpm per 150 ft=0.13 
gpm per ft.

In many parts of the country, a well having a specific 
capacity of only a small fraction of 1 gpm per ft would 
be considered a dry hole, for many wells have specific 
capacities of tens, hundreds, or thousands of gallons 
per minute per foot. However, in the arid Grand Junc 
tion area, much of which is devoid of usable shallow 
ground water, artesian wells of such low specific capac 
ities are highly valued.

During the decade 1947 through 1956, when most of 
the wells were drilled, interference of two types between 
wells became increasingly acute: (1) drawdown inter 
ference (the discharge of one well causes the artesian 
head to decline in a nearby well); and (2) declining 
natural flows, which are proportional to available arte 
sian heads. This interference brought about the instal 
lation of pumps to restore well yields to those of earlier 
flows and, by 1960, 36 of the 48 wells were equipped 
with pumps, and a few other wells were to be equipped. 
Natural flows may have actually stopped in only a few 
wells on hills in the most heavily developed part of the

area, but the flows of many wells had diminished to 
very small rates.

Figure 43 shows that within the range of about 5 to 
40 gpm in artesian wells in which there is no dewatering 
of the aquifer the relation of drawdown to discharge is 
theoretically linear. Thus, within limits of the aquifers 
and wells, whether a given quantity of water can be 
obtained is determined by the drawdown, which in turn 
is determined by the capacity of the pump, the power 
available, and the depth of the pump below the water 
level. In figure 43, the discharge rates of 5 to about 
40 gpm are realistic continuous pumping rates for the 
better wells in the Entrada Sandstone; those of about 
50 to 100 gpm are unrealistic pumping rates inasmuch 
as pumping at such rates for only 30 days would de- 
water most wells and partly or wholly dewater the 
aquifer in the vicinity of the well. Therefore, the 
higher rates are included in the graphs simply to illus 
trate their impossibility.

In 1960 most of the wells equipped with pumps were 
yielding as much or more water as the same wells 
formerly yielded by natural flow, but of course the heads 
were considerably lower, and the cost of pumping at 
a given rate gradually increased as pumps were lowered 
or larger pumps and motors were installed. As is 
brought out in more detail below, this pumping has 
intensified the declines in artesian head.

ARTESIAN HEAD 

INTERFERENCE BETWEEN WELLS

There is considerable difference in the rate of spread 
of the cone of depression around a discharging well in 
an artesian aquifer and one in an unconfined aquifer. 
In an unconfined aquifer an appreciable quantity of 
water drains slowly by gravity from the material within 
the spreading cone of depression. In a reasonably 
elastic artesian aquifer such as the Entrada Sandstone 
however, the actual pressure change travels through the 
aquifer with the speed of sound in the aquifer; the cone 
of depression and the area of influence (area in which 
measurable drawdown occurs) enlarge rapidly, but at a 
lesser and gradually diminishing rate. This phenom 
enon may be illustrated by a simple comparison. A 
simplified solution of equation 2 for values of it of 0.01 
or less is (Cooper and Jacob, 1946, p. 527):

2.30£
; 4irT

2.25 Tt
r2S

Solving equation (15) for r2 gives

2.25Tt2_

(15)

(16)
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For a given set of conditions all terms except r 2 and S 
may be considered constant; then, using k as a constant 
of proportionality,

2 kT      '

S

Multiplying both sides of this equation by ?r gives

kirr2=-~=A (area of influence).
o

(17)

Equation 17 may be used to compare the area of 
influence in an unconfined aquifer (^2) having a specific 
yield or storage coefficient of, say, 0.20 with that in 
the Entrada Sandstone (A^ having an average storage 
coefficient of 5X10~5 , assuming that T, Q, and s are 
the same for both aquifers and that t is also the same 
and long enough that ^<0.01. Then

k'
2X104

k' 

0.20

=4X103 .

This result means that, under the assumed conditions, 
and all other things being equal, the area of influence 
in the artesian aquifer is 4,000 times larger than that 
in the unconfined aquifer.

The Theis equation 2 may be used to determine the 
amount of drawdown interference any one well exerts 
upon any other well under actual or assumed conditions 
of T, S, discharge (Q), distance (r), and time (t); how 
ever, if many mutually interfering wells are involved 
the problem becomes extremely complex, particularly 
with flowing wells of gradually declining discharge, and 
will not be dealt with here. The solution of the expo 
nential definite integral in equation 2 is an infinite 
series, values of which have been computed for cor 
responding values of u (Wenzel, 1942, facing p. 89). 
If the value of the integral is represented by W(u), the 
W function of u, then equation 2 may be written

(18)

in which u= =-> and all terms are as previously de-

fined. In units used by the Geological Survey, equa 
tion 18 may be written

(19)

in which
u=

Tt

As an example, consider two wells 1 mile apart in the 
Entrada Sandstone, that the Entrada is of infinite 
extent (it is sufficiently extensive for the problem at 
hand), that it is homogeneous and isotropic (again the 
actual conditions of the problem reasonably approxi 
mate the assumption), that no other wells are discharg 
ing, and that there is no regional upward or downward 
trend in artesian head; then determine the amount of 
drawdown a well discharging 10 gpm will produce on 
a second nondischarging well at the end of 30 days of 
discharge.

(1.87)(5,2802)(5X10-5)
(150) (30)

-=5.8X10'

From Wenzel's table (1942, facing p. 89) the value of 
W(u) for this value of u is found to be 0.473. Then, 
using equation (19)

s= (115) (10) 
150

(0.473) =3.6 feet

In this manner, many values were computed in prepar 
ing figure 43, which shows, by families of semilogarith- 
mic curves, the drawdowns at various times and dis 
tances from wells discharging at stated rates from the 
Entrada Sandstone alone or from the Entrada and 
Wingate Sandstones. The curves in figure 43 apply 
generally to about the western two-thirds of the area, 
where the Entrada and Wingate Sandstones have aver 
age thicknesses of about 150 and 330 feet, respectively. 
In about the eastern one-third of the area, where the 
two sandstones are thinner and form a single artesian 
aquifer, the drawdowns would be somewhere between 
those shown on A, B, and C of figure 43.

Figures 43 A, B, and C are similar except for the dura 
tion of discharge (£), which ranges from 30 to 365 days, 
and except that figure 43^4. also shows the expected 
drawdown after 30 days in a well 6 inches in diameter 
(rw =0.25 ft), at the left end of each curve.

To compare the effect of time on the drawdown inter 
ference at distance from a discharging well, note that 
for a discharge rate of 20 gpm from the Entrada Sand 
stone the interference at 1,000 feet is about 50 feet at 
the end of 30 days, 77 feet at 180 days, and 88 feet at 
365 days. At the same discharge rate, the drawdown 
interference at a distance of 1 mile is about 1 foot at 
30 days, about 8 feet at 180 days, and about 10 feet at 
365 days. For wells penetrating both the Entrada and 
Wingate Sandstones, the corresponding drawdowns, 
read on the right-hand scales, are only half as much.

Figure 43 D shows how the drawdown at a point 
1,000 feet from a discharging well increases with time 
of discharge. A similar family of curves could be con 
structed for any other point within the cone of 
depression.
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It should be clear from inspection of the curves in 
figure 43 that there is considerable drawdown inter 
ference between wells in the same aquifer or aquifers 
in the Grand Junction area, particularly in the most 
intensely developed areas. This mutual drawdown in 
terference caused corresponding declines in rates of 
flow and caused some wells to stop flowing at the 
surface.

Figure 44 shows diagrammatically how cones of de 
pressions of nearby discharging wells in the same aquifer 
intersect because of mutual drawdown interference. 
Note also that no interference results between wells 
tapping the Entrada Sandstone or Wingate Sandstone, 
or both, and wells tapping a sandstone in the Morrison 
Formation and sandstones in the Dakota Sandstone or 
Burro Canyon Formation, or both.

DECLINES AND FLUCTUATIONS IN HEAD

Artesian heads were measured about annually in 11 
wells from 1946 through 1952 (fig. 45), after which most

160

140

1946 1947 1948 1949 1950 1951 1952

FIGURE 45. Fluctuations in artesian head in 11 wells, 1946 through 1952. Wells 
are described by number in table 7 and shown on plate 1.

of the wells were equipped with pumps and additional 
measurements generally could not be made. These 
measured water levels (artesian heads) and some re 
ported water levels are given in column 18 of table 7.

As shown in figure 45, the last heads measured in 
each well except well 45 are lower than the first meas 
ured heads. According to statements of well owners, 
the pronounced downward trend from 1950 to 1952 
continued after 1952 at an accelerated rate because of 
the increased number of wells and withdrawal of water.

The trend in head in wells 5, 16, 20, 22, 23, and 29 
was downward throughout the period of measurement. 
Some of the fluctuations during the first 4 or 5 years 
of record for other wells are explainable others can 
only be surmised.

The head in well 28 in 1947'and 1948 was measured 
after shut-in periods of 12 hours, whereas the much 
higher head in 1949 was measured after a shut-in period 
of 2 months and those in 1950 and 1952 after periods 
of several days. The longer shut-in periods allowed 
more nearly complete recovery of artesian head, but it 
was not practicable to shut in other wells for more than 
about 12 hours.

A leaky well seal was indicated during the 1946 
measurement of head in well 45 by water that came 
up around the casing. The 1947 measurement, made 
after the defective well seal had been repaired, was 
about 85 feet higher.

The rise in head between 1946 and 1947 in well 24 
may have resulted from recharge to the sandstone in 
the Morrison Formation from the Entrada Sandstone 
in well 33, which taps both sandstones and which is 
only about 2 miles upgradient from well 24. If so, 
however, the decline in head in well 24 between July 8 
and October 24 cannot be explained. The rises in head 
in well 24 in 1947, 1948, and 1950 and in well 17 in 1950 
may be the result of additional recharge preceding these 
measurements. Such possible recharge most likely re 
sulted from precipitation in the headwaters of No 
Thoroughfare Canyon, an area for which no precipita 
tion records are available. Variations in recharge rates 
more likely would have affected the artesian heads in 
wells 17 and 24 than those in the other wells for which 
head measurements were made, however, because at 
that time they were the only two wells in a rather 
large area that tapped a sandstone in the Morrison 
Formation, whereas such possible variations in recharge 
rates would tend to be obscured in the many wells in 
the Entrada Sandstone because of greater discharges 
and greater interference between wells.

The rise in head in well 32 from 1948 to 1949 prob 
ably resulted from deepening the well an additional 
50 feet after the 1948 measurement.

CHEMICAL QUALITY OF ARTESIAN WATER

The usefulness of water for various purposes depends 
in large part upon its chemical quality. To determine 
the chemical quality of the artesian waters in the Grand
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Junction area, 26 samples of water were collected from 
23 artesian wells during the period 1946-55, and were 
analyzed in the laboratories of the U.S. Geological 
Survey, at Albuquerque, N. Mex., or Salt Lake City, 
Utah (table 8).

Of the 26 samples collected for analysis, 16 are from 
the Entrada Sandstone, 5 are from 4 wells in the 
Entrada and Wingate Sandstones, 2 are from 1 well in 
the Entrada, Wingate, and Kayenta Formations, and 
3 are from 2 wells in the Morrison Formation. No 
samples of water were obtained from the Burro Can 
yon Formation or Dakota Sandstone because during 
the sampling period the only well tapping these forma 
tions was a nonflowing well having an inoperable pump, 
and this well was later destroyed. Wells listed in 
table 7 that tap these formations were drilled after the 
sampling period. However, some idea of the chemical 
character of water from these two formations was 
obtained from drillers and owners, and the results are 
given on page 63.

The artesian water of this area originated from the 
rain or snow (meteoric water) that fell on or upstream 
from the recharge areas. Originally this water was as 
pure as distilled water, except for small amounts of 
dissolved atmospheric gases and particles of dust. As 
soon as the water came in contact with the rocks, how 
ever, it began to dissolve and take up soluble minerals. 
The amount and kind of dissolved minerals in the water, 
as sampled from the wells, depends upon the chemical 
character of the soils and rocks with which the water 
came in contact and the length of time the water was 
in contact with the atmosphere, soils, and rocks. The 
chemical character of the sedimentary rocks that form 
the artesian aquifers depends in part upon the source 
areas and types of the rocks and upon the environment 
in which they were deposited.

Inasmuch as most of the recharge to the principal 
artesian aquifers in the developed part of the Grand 
Junction artesian basin probably comes from ephemeral 
streams that cross the outcrop areas, the initial solution 
of rock and soil minerals began in the overland runoff to, 
and the flow in, such temporary streams. The surface 
runoff came in contact with rocks of many types, includ 
ing the igneous and metamorphic rocks of the Precam- 
brian complex and most of the younger sedimentary 
rocks except the Mancos Shale, but the time of transit 
from the point of precipitation to the recharge areas was 
relatively rapid. Nevertheless, the time in transit gen 
erally was sufficient for the water to take up more nearly 
equilibrium concentrations of atmospheric gases, to take 
up additional amounts of carbon dioxide gas (CO2) 
from organic matter in the soils, and to dissolve some 
minerals from the soil and rocks. The dissolved CO2 
thus taken up formed carbonic acid (H2CO3), a weak

acid that dissolves carbonate rocks, such as the thin 
limestones in the Morrison Formation, and the calcite 
cement (calcium carbonate, CaCO3) in the sandstone 
beds. Thus, by the time the water reached the re 
charge areas, it contained in solution at least small 
amounts of dissolved minerals, including some calcium 
and bicarbonate (Ca-j-HCO3), and lesser amounts of 
some or many of the other constituents listed in table 8.

After such dilute solutions of minerals reached and 
entered the outcrops of the artesian aquifers, the ex 
ceedingly slow movement through the aquifers allowed 
ample opportunity for additional solution of rock min 
erals and exchange of certain ions between the solution 
and some of the rock minerals. By the time the water 
reached and was discharged from the wells, it had the 
properties and mineral constituents listed in table 8.

The temperature of ground water in shallow uncon- 
fined aquifers generally approximates the mean annual 
air temperature, which is 52.1°F at Grand Junction 
and 51.3°F at Fruita, but at greater depths within the 
earth the rocks and their contained water become pro 
gressively warmer. Thus, as indicated in table 8, the 
temperatures of water in the deeper artesian aquifers 
range from 62° to 77 °F, and are approximately pro 
portional to the depth.

The laboratory procedures for analyzing natural 
water, the expression of analytical results, and the 
significance of properties and constituents of natural 
water have been treated in considerable detail by Hem 
(1959, p. 24-149). The significant properties and con 
stituents of the water in relation to the geology and 
hydrology of the area and the usefulness of the water 
are discussed briefly below.

The principal dissolved ionic mineral constituents 
given in table 8 are expressed both in parts per million 
(ppm) and in equivalents per million (epm). A part 
per million is a unit weight of a mineral constituent in 
a million unit weights of water. An equivalent per 
million is a unit combining weight of a constituent in 
a million unit weights of water, and is calculated by 
dividing the concentration in parts per million by the 
chemical combining weight of the constituent (for con 
version factors, see Hem, 1959, p. 32). The equiva 
lents per million are useful in comparing analyses of 
different waters by constructing vertical bar graphs, 
such as those shown in figure 46. The positively 
charged ions, such as calcium (Ca++) are called cations; 
the negatively charged ions, such as bicarbonate 
(HCO3~) are called anions.

CHEMICAL CONSTITUENTS IN RELATION TO 
AQUIFERS AND USE OF WATER

The discussion that follows has been adapted in part 
from Hem (1959, p. 35-149) and others.
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Silica. Most natural water contains only from 1 to 
about 30 ppm of silica (SiO2), but some contains as 
much as 100 ppm. The silica content of the 26 samples 
from the Grand Junction area ranged from 10 to 23 
ppm well within the normal range.

Iron. If slightly alkaline water, such as that col 
lected from the Grand Junction area, contains much 
more than about 0.5 ppm of iron (Fe), the excess may 
precipitate as iron oxide (Fe2O3) a reddish sediment 
that may stain cooking utensils, porcelain fixtures, or 
laundry.

Only 3 of the 26 samples analyzed contained more 
than 0.5 ppm of iron, and only 1 sample (well 33) 
contained sufficient iron to form a precipitate between 
the time of collection and the time of analysis. Petro- 
graphic examination of some outcrop samples of both 
members of the Entrada Sandstone and the Wingate 
Sandstone (p. 24, 25, 39, and 40) revealed tiny 
grains of siderite (FeCO3), a ferrous iron carbonate that 
is slightly soluble in water containing dissolved carbon 
dioxide. Well 33 is closer (0.9 mile) to the outcrop 
area than any other well sampled; this position suggests 
that some ferrous iron, possibly from siderite, remains 
in solution near the outcrops. Farther downdip, where 
all the dissolved carbon dioxide has been used up in 
dissolving carbonate, the solubility of the siderite may 
be less; this lower solubility may explain in part the 
generally lower iron content of the waters.

Calcium and magnesium. Calcium (Ca) and mag 
nesium (Mg) are the principal hardness-forming con 
stituents of natural waters, for insoluble precipitates 
are formed when soap is added to water containing 
these cations; a part of the soap is thus used nonbene- 
ficially.

Most of the samples from wells 3 miles or more from 
the outcrops contained very little calcium and magne 
sium, and were therefore low in hardness. However, 
the generally low content of these constituents prob 
ably resulted from ionic exchange of calcium and mag 
nesium in the water with sodium in minerals in the 
aquifer. This exchange, known as natural softening 
by base exchange, is discussed more fully under "Hard 
ness," pages 117, 118.

Sodium and potassium. Sodium (Na) and potassium 
(K) together are the most abundant cations in the 26 
samples, although the content of sodium far exceeds 
that of potassium. In most samples the sodium is ac 
companied by nearly equivalent amounts of bicarbon 
ate, but the sample from well 1 contains some chloride 
also (see "Chloride," below, and fig. 46), and the 
samples from the Morrison Formation contained an 
appreciable amount of sulfate (see "Sulfate," below, 
and fig. 46).

Bicarbonate and carbonate. Bicarbonate (HCO3) is 
the most abundant anion in the 26 samples, and 15 of 
the samples contained 4 to 53 ppm of carbonate (CO3). 
The concentrations of these two constituents together 
with the abundance of sodium cause the slightly alka 
line character of the water, as indicated by the pH of 
7.9 or larger.

Sulfate. The content of sulfate (SO4) is low in sam 
ples from the Entrada Sandstone and in most samples 
from the Entrada and Wingate Sandstones, but the 
three samples from two wells in the Morrison Forma 
tion contained 241 to 296 ppm of sulfate. The sulfate 
in these samples probably came from the near-outcrop 
oxidation of pyrite, an iron sulfide (FeS2) occurring in 
sandstone beds of the Salt Wash Member of the Morri 
son in areas southwest of the Uncompahgre uplift (p. 51).

Chloride. The chloride (Cl) content of all samples 
was very low except that from well 1, which contained 
140 ppm (fig. 46). A possible explanation for the con 
tent of chloride in water from this well is given on page 21.

Fluoride. Although fluoride (F) generally occurs 
only in small amounts in natural water, it is desirable 
to know its concentration in water that is likely to be 
used by children. The recommended limits of fluoride 
in milligrams per liter (approximately equal to parts 
per million) for the Grand Junction area are: lower limit, 
0.9, optimum limit,, 1.2, and upper limit, 1.7 (U.S. 
Public Health Service, 196L, p. 943). Fluoride con 
centrations above the upper limit may cause the dental 
defect known as mottled enamel on the teeth of children 
who drink the water during the period of formation of 
the permanent teeth.

All but four of the samples from the Grand Junction 
area contained less than the lower limit of fluoride. 
Three samples from two wells in the Morrison Forma 
tion contained 1.0 to 1.5 ppm of fluoride, or less than 
the- upper limit, and one sample from the Entrada 
Sandstone (well 1) contained 1.8 ppm, just greater than 
the recommended upper limit of 1.7.

Nitrate. Nitrate (NO3)-rich water may cause cyano 
sis of infants (blue babies) when the water is used in 
the preparation of babies' formulas. All the samples 
of artesian water from the Grand Junction area con 
tained less than 1.0 ppm of nitrate far below the limits 
for cyanosis. The significance of high nitrate concen 
tration on the possible sanitary character of natural 
waters is discussed on page 120.

Boron. Boron (B) is necessary to most plants but 
is toxic to some plants in amounts as small as 1.0 to 
2.0 ppm in water used for irrigation. All the samples 
analyzed had less than 1.0 ppm of boron, and only 
three contained as much as 0.50 to 0.73 ppm.

Dissolved solids. The residue left after a natural 
water has evaporated consists of mineral constituents
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that were in solution, with which may be included 
some organic material and some water of crystalliza 
tion. Water containing less than 500 ppm of dissolved 
solids generally is considered satisfactory for domestic 
use, and in many areas water containing as much as 
1,000 ppm of dissolved solids is considered satisfactory, 
provided it is not excessively hard or corrosive. Some 
water containing 1,000 ppm or more dissolved solids 
contains enough of certain constituents to produce a 
noticeable taste or to make the water unsuitable in 
some other respects.

Fourteen of the 16 samples of water from the Entrada 
Sandstone contained less than 500 ppm of dissolved 
solids, and of the two samples having more than 500 
ppm, only one (well 1) contained more than 1,000 ppm 
(1,210 ppm). The water from well 1 is very soft, 
however, and except for a slight excess of fluoride and 
a small content of hydrogen sulfide gas (H2S, p. 120), 
is satisfactory for most domestic uses.

Four of the seven samples of water from wells tapping 
both the Entrada and Wingate Sandstones or the 
Entrada, Wingate, and Kayenta Formations contained 
less than 500 ppm of dissolved solids, the other three 
contained 510 to 678 ppm.

The three samples from two wells in the Morrison 
Formation contained 309 to 880 ppm.

Hardness. The hardness of water is the property 
that generally receives the most attention, particularly 
in water for domestic, municipal, or certain industrial 
uses, and is most commonly recognized by its effects 
when soap is used with the water in washing. Calcium 
and magnesium cause nearly all the hardness and also 
contribute to the formation of most of the scale formed 
in steam boilers and in other vessels in which water 
is heated or evaporated.

The hardness or softness of a water is somewhat 
relative, for water considered hard in one area would 
be considered soft in some other areas. In most areas, 
however, water containing less than about 50 ppm of 
hardness is considered soft, and its treatment for 
removal of hardness generally is not necessary. Hard 
ness between 50 and 150 ppm does not seriously interfere 
with the use of water for most purposes except that it 
increases the consumption of soap and, hence, may 
require softening for use by laundries and some other 
industries. Water having hardness of more than 150 
ppm generally requires softening for most purposes.

The water from most artesian wells in the Grand 
Junction area is highly valued because of its softness. 
Seventeen samples from 16 artesian wells had a hardness 
of less than 50 ppm, of which 8 had a hardness of 10 
ppm or less. Only three samples (wells 21, 22, and 33) 
had a hardness of 100 to 124 ppm. In all the samples 
the hardness was caused by calcium and magnesium

bicarbonate, a type of hardness known as carbonate 
hardness.

In all the water analyzed the relative softness is 
attributed to natural softening by base exchange, by 
which Ca++ and Mg++ ions in the water are exchanged 
for Na+ ions in certain minerals in the aquifers; part 
or most of the hardness-producing calcium and magne 
sium is thus removed from the water and it is made 
softer. Exchange of these cations may be brought 
about by zeolites, a family of hydrous silicate minerals, 
some of which are used in commercial water softners, 
or by some of the clay minerals. Microscopic studies 
of thin sections (p. 24, 25, and 39) failed to reveal any 
zeolite minerals in outcrop samples of the Entrada 
and Wingate Sandstones, but the particle-size analyses 
(table 4) indicate from 2.5 to 7.0 percent clay, 
and additional clay minerals probably are included 
in the 5.6 to 45.4 percent silt-size particles. X-ray 
determinations of the approximate composition of 
the clay fractions indicated that 20 to 60 percent 
of the clay in the nine samples is kaolinite and that 
the balance is a mixed-layer clay composed of illite 
and montmorillonite in the approximate proportions 
given in table 4. The cation-exchange capacities of 
these three clay minerals are given in table 9. For a 
discussion of the mechanism of cation exchange in clay 
minerals, the reader is referred to Moore (1960, p. 
B-44-B-46).

TABLE 9. Cation-exchange capacity of 3 clay minerals, in milli- 
equivalents per 100 grams, for water of pH=7

[From Grim (1953, p. 129)]

Mineral

Kaolinite . _
Ifflte. _-___-________--__--__-__-_-_--

Cation- 
exchange 
capacity

3~ 15
10- 40
80-150

Table 4 indicates that there is an ample supply of 
these clay minerals in the Entrada and Wingate Sand 
stones to soften the water by cation exchange. No 
mineralogical studies were made of sandstones in the 
Morrison Formation, but the samples of water analyzed 
(wells 17 and 24) are very soft and suggest that a com 
parable or even greater amount of softening has taken 
place. The Morrison is known to contain altered vol 
canic ash a common source of montmorillonite.

As shown in figure 46, there is almost a linear decrease 
in hardness (50 times the sum of Ca and Mg in epm) 
between well 33, which is 0.9 mile northeast of the 
recharge area in No Thoroughfare Canyon, and well 5, 
which is about 6 miles northeast of the same recharge 
area. This decrease is to be expected for, other things 
(such as the amount and kind of clay in the aquifer),
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being equal, the water from wells at greater distances 
from the outcrop has been in contact with the clay 
minerals for proportionately greater periods of time. 
At some distance greater than 6 miles from the re 
charge area, therefore, the hardness probably has been 
reduced even more. At distances closer to the recharge 
area than those for which analyses are available (less 
than 0.9 mile), the hardness is probably greater than 
that for the water from well 33 (128 ppm). Well 33 
taps both the Entrada and Morrison Formations, but 
the head of water in the Morrison is below land surface, 
whereas the water from the Entrada flowed at the sur 
face when the sample was collected; hence, the sample 
probably came entirely from the Entrada.

The hardness of water from well 1 is less than half 
that of water from well 5, even though well 1 is 1.3 
miles closer to its recharge area. However, the two 
wells are about 5K miles apart along the strike of the 
Entrada Sandstone, whereas the other wells whose 
water analyses are shown in figure 46 are almost on a 
line between the recharge area and well 5. Clay min 
erals in the Entrada near well 1 in the northwestern 
part of the area may be of slightly different composi 
tion or may be more abundant than in the central part 
of the area, southwest of well 5.

Water from some wells that tap both the Entrada 
and Wingate Sandstones, such as well 45, is softer 
than that from wells in the Entrada alone at a com 
parable distance from the recharge area. As indicated 
in table 4, the samples of Wingate Sandstone had a 
greater content of silt and clay than most of those from 
the Entrada, hence, probably contain more of the clay 
minerals.

Wells 19, 24, and 31 were resampled from 3 to 9 years 
after the first water samples were collected. The sam 
ples obtained later were softer and contained somewhat 
more dissolved solids, but the changes in concentration 
were different in the water from each of the three wells. 
The ages of the wells at the time of first sampling may 
have had an important bearing upon subsequent changes 
in the quality of the water.

Inasmuch as the first water samples from wells 19 
and 24 were obtained a few weeks after the wells were 
completed, they were of relatively stagnant water re 
leased from artesian storage within small cylindrical 
volumes of the aquifers. The second set of samples, 
collected 3 (well 19) and 4 (well 24) years later, after 
the cones of depression had greatly enlarged, repre 
sented water that had moved at a slightly faster rate 
from much larger cylindrical volumes of the aquifers. 
The reasons for the reduction in hardness of about 40 
percent, by the decrease in content of calcium and mag 
nesium and increase in content of sodium, are not known, 
but certain speculations seem warranted.

The physical and hydrologic properties and the chem 
ical composition of the aquifers and their contained 
minerals, such as clay, probably vary from place to 
place within the cones of depression, as elsewhere. In 
turn, the water varies somewhat in chemical composi 
tion from place to place within the cones of depression 
and elsewhere, as indicated in table 8. The samples 
collected after the cones of depression had enlarged 
were mixtures of waters of somewhat different composi 
tion from all parts of large volumes of the aquifers, so 
would not be expected to be of the same composition 
as the relatively stagnant water sampled soon after the 
wells were drilled. Moreover, the increased velocity of 
the water moving toward the wells may have acceler 
ated the softening by allowing more of the residual 
calcium and magnesium ions to come in contact with 
clay minerals and be exchanged for sodium ions.

The reduction in hardness of the water from well 19, 
which taps the Entrada, Wingate, and Kayenta Forma 
tions, may have resulted in part also from the fact 
that a greater proportion of the flow in 1955 (second 
sample) may have come from the Wingate Sandstone 
because of less drawdown interference in this less in 
tensely developed aquifer.

The first sample from well 31 was obtained more 
than 40 years after the well had been drilled; the well 
was reported to have flowed continuously during this 
long period and the cones of depression in the two aqui 
fers (Entrada and Wingate Sandstones) had become 
very large before the first sample was collected. The 
second sample, collected 9 years after the first, was 
almost identical in chemical composition to the first 
sample, and had only 5 ppm less hardness. This 
similarity suggests that thorough mixing of waters from 
all parts of the cones of depression had occurred before 
the first sample was collected.

Percent sodium, and sodium-adsorption ratio. When 
soils containing exchangeable Ca++ and Mg++ ions are 
irrigated with water in which the percentage of Na+ to 
Ca++ +Mg++ +Na+ is considerably above 50, such soils 
take up sodium in exchange for calcium and magnesium 
and tend to deflocculate; they thus become impaired in 
tilth and permeability. The percentage of sodium given 
in table 8 ranges from 58 to 99, and in 19 of the 26 
samples it is 75 or more.

A better method of expressing the suitability of water 
for irrigation involves computation of the sodium- 
adsorption-ratio, SAR (U.S. Salinity Laboratory Staff, 
1954), from the following relation, in which ion con 
centrations are expressed in equivalents per million.

SAR=
Na+

Ca+2+Mg+ 2
(20)



CHEMICAL QUALITY OF ARTESIAN WATER 119

Na+K Cl+F + NO

Well 33 
0.9 mi

Well 23 
2.5 mi

FIGURE 46. Analyses of samples of typical water from the three principal aquifers in the Grand Junction area, and relation of 
softening by base exchange of water from the Entrada Sandstone to distance from the recharge area. Je, Entrada Sandstone; 
~fi w, Je, Wingate and Entrada Sandstones; and Jm, Morrison Formation.
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and then plotting the SAK values against the specific 
conductance in the manner shown in figure 47.

According to figure 47, the 26 samples of artesian 
water range from medium to high in salinity hazard 
and from low to very high in sodium (alkali) hazard. 
The samples having the highest hazard ratings of both 
types were from wells 17 and 24 in the Morrison For 
mation and from well 1 in the Entrada Sandstone.

Although most of the water from artesian wells in 
the Grand Junction area is used for drinking and 
cooking, for which it is well suited, some has been used 
for small plots of lawn, shrubs, and garden crops, and, 
as shown in figure 47, some of the water may be in 
jurious to certain soils and crops. For the tolerances 
of various crops to water of various degrees of sodium 
and salinity hazards the reader is referred to the report 
of the U.S. Salinity Laboratory Staff (1954).

Specific conductance. The specific electrical conduct 
ance is the ability of a fluid or substance to conduct 
an electric current, and is the reciprocal of the electrical 
resistance. It is expressed in micromhos per cm3 at

25° C., which is the same as    -   per cm3 at 25° C
megohms

The specific conductance is a measure of the number 
of ions in solution, hence is approximately proportional 
to the amount of dissolved solids in solution. The spe 
cific conductance, which is easily and quickly determin- 
able in the field or laboratory, is very convenient for 
preliminary sampling to determine the ranges in con 
centration to be expected or as a check on laboratory 
analyses. For most natural water, the specific con 
ductance times a factor ranging from 0.55 to 0.75 is 
equal to the concentration of dissolved solids in parts 
per million.

Hydrogen-ion concentration (pH). The hydrogen-ion 
concentration is expressed as the pH, which is the re 
ciprocal of the logarithm (base 10) of the hydrogen-ion 
concentration in moles per liter. A neutral water has 
a pH of 7.0, which indicates an equal number of H+ 
and OH~ ions; an alkaline water has a pH of more than 
7.0, which indicates a preponderance of OH~ ions; and 
an acidic water has a pH of less than 7.0, which indi 
cate a preponderance of H+ ions.

Of the samples for which the pH was determined, 
the values range from 7.9 to 8.8 and indicates that 
these samples are slightly alkaline. This range is to 
be expected, for these waters are dominantly bicarbon 
ate and carbonate of sodium, which hydrolize to form 
nearly completely dissociated NaOH and only slightly 
dissociated H2CO3 , so that the number of OH~ ions in 
solution exceeds the number of H+ ions.

Hydrogen sulfide. A small amount of hydrogen sul- 
fide gas (H2S) gives a slightly unpleasant odor and taste 
to the water from wells 1 and 2 in the Entrada Sand

stone, and was reported in the water from well 14 in 
the Dakota Sandstone and Burro Canyon Formation. 
In the small amounts present, the hydrogen sulfide in 
the water is harmless, and all or most of it can be 
removed by aeration, as is done at well 1.

Hydrogen sulfide is not unusual in water from the 
Dakota Sandstone because of the associated lignite coal 
and lignitic beds which chemically reduce some of the 
sulfate to sulfide. Hydrogen sulfide in water from the 
Entrada Sandstone, however, is unusual in this area, 
and not readily explicable unless sulfate-reducing bac 
teria were introduced during the drilling of these wells 
and this does not seem likely.

SANITARY CONSIDERATIONS

The water from some wells, particularly shallow wells 
in unconfined aquifers that are not properly sealed at 
the surface, may be contaminated with micro-organisms 
by entrance or percolation of surface water or drainage 
from sources of contamination such as barnyards or 
privies. Such contaminated water commonly has an 
abnormally high concentration of nitrate.

The artesian wells in the Grand Junction area gen 
erally are adequately protected against the possibility 
of such contamination (see "Construction," p. 107, 108), 
and all the water samples analyzed contained very small 
amounts of nitrate (table 8).

USE OF ARTESIAN WATER
USE IN 1960

The use of water indicated for each artesian well in 
table 7 is as of 1960. The water from most of the wells 
was used for domestic purposes, either by the owner 
alone, by the owner and from 2 or 3 to as many as 60 
other nearby homes connected by pipeline to the well 
and storage system, or by hauling to homes equipped 
with storage cisterns or tanks. In most, but not all, 
homes supplied with artesian water, the water was used 
for household purposes only, for most of the residents 
have access to water from irrigation ditches for use on 
lawns, shrubs, and gardens. However, some of the ar 
tesian water is used for watering small tracts of lawn 
or other vegetation.

From 1 to as many as 30 tankloads of water per day 
are hauled from 13 of the wells, and the water from 
several wells is used entirely in this manner. The 
standard tank used by water haulers in the Grand 
Junction area holds 1,100 gallons. In 1960 and for 
several preceding years, a standard charge of $3.00 per 
tank load of water was made for deliveries within short 
distances, and a nominal additional mileage charge was 
added for deliveries to more distant points.

In 1960, three wells were used entirely for watering 
stock, three were used for domestic and stock needs,



USE OF ARTESIAN WATER 121
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Salinity hazard

FIGURE 47. Diagram showing the suitability of waters from artesian wells in the Grand Junction area for irrigation. Adopted from U.S. Salinity Laboratory
Staff (1954).
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one (11) was used by a meat-packing plant, and one 
domestic-supply well (12) also was used to fill a swim 
ming pool. Four of the wells were not in use.

POSSIBILITIES OF DEVELOPMENT OF ADDITIONAL 
ARTESIAN WATER

In the sections on "Interference between wells" and 
"Declines and fluctuations in head/' it was made appar 
ent that the principal artesian aquifers the Entrada 
Sandstone, and to a lesser extent also the Wingate 
Sandstone have been intensively developed in parts 
of the Grand Junction area. The extent of such devel 
opment, particularly in the eastern part of the Redlands 
and the western part of Orchard Mesa, is shown by the 
close groupings of wells on plate 1.

Two large areas underlain by the two principal aqui 
fers are undeveloped or only slightly developed, and 
would yield additional artesian water to wells, prefer 
ably spaced more than a mile apart. One area is the 
southwestern side of the Grand Valley and the Redlands 
in Ranges 2 and 3 West (Ute P.M.) in and northwest 
from the northwestern part of the area and extending 
northwestward to or beyond Loma. Properly con 
structed wells into these aquifers in all or most of this 
area should have sufficient artesian head to flow at the 
land surface. The other area comprises the southwest 
ern side of the Grand Valley, parts of Orchard Mesa, 
and the lower part of the Gunnison River valley in R. 
1 and 2 E. (Ute P.M.). In the Grand Valley, Orchard 
Mesa, and along the Gunnison River below about the 
mouth of Bangs Canyon, the head should be high enough 
to produce flows at the land surface, but in much of the 
lower Gunnison River valley including the part tra 
versed by U.S. Highway 50, the head probably is in 
sufficient to reach the land surface. The reasons flows 
at the surface probably cannot be expected in the 
vicinity of Whitewater are given on page 101

Sandstone lenses in the Morrison Formation are not 
fully developed as aquifers, and they are not amenable 
to planned development for the reasons given on page 95.

The sandstones in the Dakota Sandstone and Burro 
Canyon Formation are tapped by very few wells but, 
because of the generally poor quality of the water (p. 
63), very little additional development of water from 
these formations is likely or anticipated.

PUBLIC WATER SUPPLIES

Grand Junctions and Fruita have municipal water 
supplies piped from distant surface-water sources. The 
water for Grand Junction comes from impounding res 
ervoirs on Kannah Creek and North Kannah Creek 
about 16 miles southwest of the city. These creeks 
drain a part of the western flank of Grand Mesa. The 
Grand Junction system also supplies water to the West 
Orchard Mesa District and the communities of Clifton

and Whitewater. Fruita is supplied from stream- and 
spring-fed reservoirs on Pinon Mesa, about 22 miles to 
the south. The pipeline traverses the northwestern 
part of Colorado National Monument and supplies 
water to the facilities in the headquarters area. Water 
for the facilities at the No Thoroughfare Canyon en 
trance is obtained from well 35.

Some water is hauled to rural residents from the 
municipal supply systems of Grand Junction and Fruita, 
and also of Palisade, which is about 10 miles northeast 
from Grand Junction.

The Colbran Project of the U.S. Bureau of Reclama 
tion (1961), construction of which began in 1961, 
supplies irrigation water to 2,310 acres of new land and 
supplemental water to 18,340 acres of irrigated land, all 
in Plateau Creek valley north of Grand Mesa; it 
generates electrical energy for use in west-central 
Colorado and provides 20 cfs (cubic feet per second) of 
water to the Ute Conservancy District for piping- 
domestic water to several towns and most rural resi 
dents in the Grand Valley. A secondary adjudication 
provides an additional 50 cfs at certain times. The 
water comes from streams, lakes, and reservoirs on the 
north flank of Grand Mesa, and is of excellent quality 
for domestic use after a minimum of treatment.

According to Richard J. Mandeville (Western 
Engineers, Grand Junction, consultants to the Conserv 
ancy District, oral communication, Feb. 1964), the 
main pipeline connects with a turnout in the tailrace of 
the Lower Molina Power Plant, near Molina, Colo., 
follows Plateau Creek and the Colorado River to 
Palisade, traverses the southwestern side of the Grand 
Valley by way of Orchard Mesa, and extends as far 
west as Mack. Cross and connecting lines extend to all 
parts of the valley, including all of Orchard Mesa and 
the Redlands. Most residents, several towns, and 
many industrial plants have already signed contracts, 
and it is expected that, eventually, virtually all rural 
and town residents will be connected to the system. 
Construction began in September 1963, was 25 percent 
completed in February 1964, and is scheduled for 
completion in October 1964.

Completion of the water system of the Ute Conserv 
ancy District should greatly reduce the draft on the 
artesian wells in the Grand Junction area by eliminat 
ing all or most water hauling and distribution of artesian 
water to nearby homes by pipeline. If the draft on the 
wells is reduced to just the needs of the individual own 
ers, the declining artesian head should be arrested, and 
in time the head may gradually recover. Because of 
the small rate of recharge, however, the complete re 
covery in head will take considerable time. Thus, the 
completion of the planned water system will be of great 
benefit to the artesian systems in the Grand Junction area.
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MEASURED GEOLOGIC SECTIONS

The three measured sections given below are quoted 
from Craig's open-file report (1959).

Black Ridge section, in and north of sec. 18, T. 11 S., R. 102 W.
[Measured by C. N. Holmes, July 1949]

Thickness 
Dakota Sandstone (incomplete): (feet)

100. Sandstone, grayish yellow, medium- to me 
dium-fine-grained, friable, iron-stained; 
coarse quartz grains along crossbedding.. 17. 8 

99. Covered______________________________ 43.2
98. Carbonaceous shale, black._______________ 3. 0
97. Covered______________________________ 2.6
96. Carbonaceous shale, black________________ 7. 4
95. Sandstone, conglomeratic, dusky yellow, 

medium-grained sandstone matrix; peb 
bles are mainly light colored sandstone 
and limestone.-_____________________ 12. 2

Total Dakota measured--____________ 86. 2
Burro Canyon Formation:

94. Covered___________-_______.____________ 150±
Total Burro Canyon (approximated) ____ 150±

Morrison Formation:
Brushy Basin Member:

93. Covered-.  ---_-__--_---_---___---__-__ 65± 
92. Mudstone, dark reddish brown__________ 9. 2
91. Mudstone, grayish red_---__.----________ 10.8
90. Mudstone, light-gray, somewhat bentonitic. 12. 4 
89. Silty shale, dark-reddish brown ___________ 20. 2
88. Limestone, medium-gray, dense- __________ . 2
87. Mudstone, silty, pale red, clay binding_____ 30.8
86. Sandstone, light-gray, fine-grained-------.. . 8
85. Mudstone, dark-reddish brown....__-____. 21.6
84. Bentonitic clay, white.__________________ 6. 7
83. Sandstone, light-gray, very fine-grained;

concretionary, rounded weathering__ ____ . 7
82. Mudstone, dark-reddish brown____________ 10. 4
81. Clay shale, light gray.______.____________ 10.8
80. Mudstone, dark-reddish brown, silt and fine

sand with clay binding________^________ 17. 4
79. Sandstone, pale-red, weathering brown, fine 

grained; hard, siliceous; lenticular; con 
cretionary weathering- ________________ .9

78. Clay shale, grayish red----_______________ 6.7
77. Limestone, medium-gray, weathering brown,

very hard, dense._____________________ .6
76. Clay shale, light gray, frothy _____________ 14. 8
75. Mudstone, dark-reddish brown____________ 6.5
74. Sandstone, grayish green, very fine-grained;

hard, siliceous-_______________________ 1.0
73. Mudstone, olive-gray____________________ 2. 6
72. Siltstone, light-g/ay, thin-bedded________ 1.2
71. Mudstone, brownish gray, clay binding; fine

sand grains_________________________ 2. 2
70. Sandstone, grayish green, very fine-grained;

hard--_--___________________._______ 1. 3
69. Clay shale, grayish brown._________---_.- 6. 5
68. Sandstone, light-gray, fine-grained; contains 

fine black accessory minerals; hard, sili 
ceous-...-___________________________ . 8

67. Clay shale, brownish gray, fissile; light-gray
weathering slope_-------_---------_._--.__ 9. 0

66. Mudstone, dark-reddish brown; very fine
quartz grains and silt with clay binding  12. 5

Black Ridge section, in and north of sec. 18, T. 11 S.,R. 102 W  
Continued

Thickness
Morrison Formation Continued (/«*) 

Brushy Basin Member Continued
65. Sandstone, light-gray, weathering brown,

fine-grained, hard.___--_--________.___ 0. 9
64. Mudstone, dark-reddish brown__________ 5.1
63. Sandstone, very light-gray, weathering dark- 

yellowish brown, fine-grained; fine black 
accessory minerals, red chert; hard, sili 
ceous. _______________________________ 4. 5

62. Mudstone, vei-y dusky red, some white mot 
tling; contains rounded fine quartz grains, 
white clay specks____-______-__--__--- 9. 5

Total Brushy Basin (thickness rounded) 304 
Salt Wash Member:

61. Sandstone, yellowish gray, fine-grained; fine
black accessory grains_________________ 1.3

60. Covered-----_------_________________ 1.2
59. Sandstone, yellowish gray, fine-grained;

black accessory grains; some iron stain.. 1. 4 
58. Mudstone, dark-reddish brown____________ 4.4
57. Sandstone, yellowish gray, medium-fine 

grained; contains red and white chert and 
black accessory minerals; friable; lentic- 
ular__--__     __     __   -------- 9. 2

56. Covered ______-______-----_---------_ 8.4
55. Sandstone, yellowish gray, fine-grained; con 

tains red and white chert grains; lenticular 14. 4 
54. Mudstone, pale-yellowish brown grading to

dark-reddish brown along strike.________ 6. 9
53. Sandstone, grayish yellow, fine- to medium- 

grained; lentils of fine angular white chert; 
very friable; channeling, crossbedding; 
some iron stain; wormy weathering   _ 

52. Covered-______ _ _______ _ --------------
51. Sandstone, pinkish gray, fine- to medium- 

fine-grained; contains fine black accessory 
grains _____________________-_---   -__

50. Mudstone, dark-reddish brown    ________ 5.0
49. Sandstone, yellowish gray, medium-grained; 

composed of subrounded clear quartz, 
scattered yellow, red, and white chert 
grains; friable; channeling, lenticular.--- 15. 4 

48. Siltstone, dark-reddish brown.______   __  6.4
47. Sandstone, yellowish gray, fine-grained; light 

iron stain; contains red and white chert 
grains; friable; lenticular, channeling.___ 25. 5 

46. Mudstone, light-grayish green ____________ 2. 0
45. Mudstone, dark-reddish brown___.____---. 3.9
44. Sandstone, yellowish gray, fine-grained; con 

tains fine red and white chert grains and 
black accessory grains; channeling      3. 6 

43. Covered  ___   _   _______ ______       4.6
42. Sandstone, light-gray, fine-grained; contains 

scattered red and black accessory minerals, 
some angular white chert; crossbedded, 
channeled, lenticular; wormy weathering, 
jointed N. 15° E_______  __-       -_ 10. 8

41. Mudstone, light-grayish green, very silty__ 2. 4 
40. Mudstone, dark-reddish brown_____._-_--- 18.0
39. Siltstone, very light-gray, rubbly slope.____ 2.1
38. Mudstone to Siltstone, grayish red  _____ 15.8

34.0 
4.7

3.9
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Thickness

Black Ridge section, in and north of sec. 18, T. 11 S., R. 102 W. 
Continued

Morrison Formation Continued 

Salt Wash Member Continued
37. Sandstone, verjr light-gray, fine-grained,

hard, siliceous._______________________ .4
36. Mudstone, olive-gray ____________________ 5. 2
35. Limestone, medium light-gray, dense._____ . 5
34. Mudstone, dark-reddish brown____________ 1. 2
33. Sandstone, very light gray, fine-grained;

contains black accessory grains, uniform, hard 1. 3 
32. Siltstone, light-brownish gray_____________ 6.2
31. Mudstone to siltstone with scattered fine 

sand grains, dark-reddish brown; contains 
rounded amber fine quartz grains_______ 6. 7

30. Sandstone, yellowish gray, medium-fine 
grained; lenticular, channeled, jointed N. 
10° E_______________________________ 10.6

29. Siltstone, light brown, iron-stained. ______  2.0
28. Limestone, medium light gray, dense; fossil-

iferous (gastropods)___________________ .9
27. Covered______________________________ 14.9
26. Sandstone, yellowish-brown, fine-grained,

iron-stained; some crossbedding____.____ 3. 5
25. Covered______________________________ 10.2
24. Sandstone, dark-yellowish brown, weather 

ing dark-brown, medium-fine- to coarse 
grained, coarse black accessory grains, 
white chert and quartz grains,__________ 6. 5

23. Covered______________________________ 20. 1
Total Salt Wash (thickness rounded) _ _ _ _ 296
Total Morrison (thickness rounded) _____ 600

Summerville Formation:
22. Sandstone, yellowish brown, fine-grained, 

iron-stained; even-bedded, jointed blocky 
weathering___________________________ 3. 9

21. Sandstone, yellowish brown, fine-grained, 
stringers of medium-fine quartz grains and 
coarse black accessory grains, even hori 
zontal bedding; jointed blocky weathering; 
"salt and pepper" sand_ _______________ 5. 0

20. Silty shale, light-grayish green ____________ .5
19. Sandstone, yellowish brown, fine-grained, 

fine black accessory grains, limonitic 
stains; even-bedded.__________________ 2. 6

18. Mudstone, mainly silt size, dark-reddish 
brown, irregular layers of irregularly 
shaped concretions of limestone, shale, 
and limy sandstone from 2 to 16 in. in 
diameter; top 2 ft is greenish gray mudstone. _ 8. 2 

17. Shale, silty, dark-greenish gray____________ 5. 4
16. Mudstone, dark-reddish brown, partly cov 

ered; thin sandstone interbeds__________ 13. 3
15. Shale, medium dark gray, very fissile. _____ . 5
14. Mudstone, dark-reddish brown, contains

scattered sand grains __________________ 2. 4
13. Sandstone, reddish brown, medium-fine 

grained; white banding-_______________ 1.1
12. Silty shale, dark-reddish brown, fissile; mica

flecks________________________________ . 8
11. Sandstone, white, fine-grained, contains red

chert and black accessory grains._______ 5. 3
10. Mudstone, dark-reddish brown, contains

scattered medium quartz grains_________ 3. 9
Total Summerville (thickness rounded) _ 53

Black Ridge section, in and north of sec. 18, T. 11 S., R. 102 W.  
Continued

Entrada Sandstone: Thickness 
Moab Member: (/eet) 

9. Sandstone, pinkish gray, very fine-grained; 
contains scattered well-rounded medium- 
fine quartz grains; black accessory grains; 
uniform, ledge-forming with very thin shale 
partings_____________________________ 6. 0

Slick Rock Member:
8. Sandstone, pinkish gray to moderate-reddish 

orange, fine-grained; contains scattered 
well-rounded medium quartz grains and 
black accessory grains; calcareous cement; 
forms vertical cliff__,___________________ 155

Total Entrada (thickness rounded) _____ 161
Kayenta Formation:

7. Sandstone, pale-red, banded, fine-grained; 
contains abundant mica and white and 
black accessoryminerals; calcareous cement_ 2. 0 

6. Sandstone, yellowish orange, medium-fine 
grained; contains white chert, black acces 
sory grains ____________________________ 31. 9

5. Sandstone, yellowish gray, fine-grained, sub- 
angular; black accessory minerals; calcare 
ous cement; several lenses of dark red silt- 
stone-_________-___-___---_--__--____- 22. 0

4. Sandstone, reddish brown, medium-fine 
grained; thin-bedded; contains abundant 
mica along bedding; highly crossbedded_ _ 23. 6 

3. Sandstone, grayish red-purple to grayish 
orange, medium-fine-grained; contains sub- 
angular black accessory grains and white 
chert; highly cross-bedded, occasional silty 
shale partings; flaggy weathering _________ 47. 5

Total Kayenta (thickness rounded)_____ 127
Wingate Sandstone (incomplete):

2. Sandstone, yellowish gray, weathering reddish 
orange, fine-grained, subangular; contains 
scattered black accessory grains, uniform; 
cliff-forming____--_--_-__-__-----_---_- 100

1. Base not exposed.
Total Wingate measured (thickness 

rounded)_______-----__---__---_- 100

Ladder Canyon section, measured on east side of Ladder Canyon 
from vicinity of old mica mine to prominent knob east of Jacobs 
Ladder road; sees. 19, SO, and 31, T. 12 S., R. 100 W.

[Measured by C. N. Holmes and L. C. Craig, Apr. 1948]
-^   ,, ,. , , , Thickness 
Burro Canyon Formation (incomplete): (feet)

85. Sandstone, light-brown, fine-grained; cal 
careous cement; limonite specks; forms 
resistant ledge__________-___---__---_- 3. 7

84. Shale, silty, chocolate red___.__-____-___- 5. 2
83. Siltstone, red stained; well-fractured__--__- .4 
82. Shale, white on fresh outcrop, weathering

brown; well-fractured.________________ 5. 3
81. Shale, grayish green, slightly silty_________ 25. 0
80. Clay shale, grayish white, silty; forms frothy

slope_-___--_--------_-__----_---_----- 15. 2
79. Sandstone, buff outcrop; powdery calcareous 

cement; finely crossbedded; limonite flecks; 
0.2 ft clay and shale seam under 2 ft sand 
stone ledge at top______________-_----- 15. 3
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Ladder Canyon section, measured on east side of Ladder Canyon 
from vicinity of old mica mine to prominent knob east of Jacobs 
Ladder road; sees. 19, 30, and 31, T. 12 S., R. 100 W. Con.

Burror Canyon Formation (incomplete) Continued ..f ~
78. Conglomerate, weathering yellowish brown, 

pebbles as much as 1 in. in diameter of 
gray chert, well-rounded to very angular 
quartz, green and red chert; clay and 
shale particles._______________________ 1. 7

77. Clay, bentonitic, yellowish brown stain____ 5. 0
76. Shale, silty, dark-maroon, red, and gray;

forms rubbly slope. ___________________ 5. 4
75. Conglomerate, weathering yellowish brown; 

contains clay and shale particles as large 
as }i in. in diameter, red and green chert; 
crossbedded; sandstone matrix composed 
of medium-sized quartz grains; forms 
lenticular ledge.______________________ 3. 0

Total Burro Canyon measured (thick 
ness rounded)____________________ 85

Morrison Formation:
Brushy Basin Member:

74. Shale, bentonitic, clayey, slightly silty; lower 
110 ft is gray-green to brown, upper part 
is similar but with a few beds of thin red 
nonbentonitic silty shale; contains several 
6 in. beds of brown-weathering fine-grained 
sandstone and several thin lenses of light- 
gray, brown-weathering calcilutite with 
disseminated quartz grains. Shale is pre 
dominantly frothy weathering; contains 
1 ft of limy shale at top_____________ 171

73. Sandstone, green, weathering brown, fine 
grained. _____________________________ 1. 8

72. Shale, bentonitic, clayey, grayish green;
silty in places_________________________ 30. 0

71. Sandstone, white, fine- to very coarse-grained; 
contains abundant red and amber acces 
sory minerals. Top and bottom 6 in. are 
well cemented, brown-weathering and re 
sistant, remainder is poorly cemented. 
Unit is crossbedded; massive. _________ 17.2

70. Shale, grayish green, silty; 2 ft red shale at 
top marks top of lower red part of Morri 
son. Unit is frothy weathering.________ 16. 5

69. Shale, silty, dark-red; contains disseminated 
quartz grains; tight cementing on fresh 
surface; thin lenses of fine- to medium- 
fine-grained sandstone along strike; scat 
tered white chert grains______________ 17. 7

68. Shale, sandy and silty, dark-red; contains 
very fine red-stained quartz grains; 2 ft 
bed of fine-grain-sized sandstone at top__ 14. 1

67. Sandstone, light-brown, fine-grained; tight
cementing____________________________ 4. 5

66. Shale, sandy; red; contains thin lenses of 
green fine-grain-sized sandstone. Shale 
contains abundant medium-sized quartz 
grains.____________________________ 3. 0

65. Sandstone, weathering white to brown, 
grades from fine-grained at base to me 
dium-coarse-grained near top; composed 
of angular to subangular clear quartz with 
red and yellow and common green acces-

Ladder Canyon section, measured on east side of Ladder Canyon 
from vicinity of old mica mine to prominent knob east of Jacobs 
Ladder road; sees. 19, 80, and 31, T. 12 S., R. 100 W. Con.

Morrison Formation Continued Thickness 
Brushy Basin Member Continued (jeet) 

sory minerals; poorly sorted; poorly ce 
mented, friable; crossbedded ___________ 39. 2

64. Shale, silty and sandy, reddish maroon; con 
tains 2 in. lenticular limestone and both 
red and white thin fine-grained sandstone 
beds...___-_______-_---__-_-__ 10. 6

63. Sandstone, reddish brown, very fine to fine 
grained; weathering brown and wormy __ 4. 2

62. Shale, red to reddish brown and grayish 
green, silty to sandy; contains lenses of 
very fine-grained white sandstone. Note: 
Within Yz mile east of section the base of 
the Brushy Basin is marked by a con 
spicuous ledge of conglomerate containing 
red and green chert granules. Strati- 
graphically this ledge may correspond to 
unit 63 above, but lenticularity of beds 
prevents exact correlation. Base of Brushy 
Basin arbitrarily placed at top of top Salt 
Wash-like sandstone ledge on line of 
section_____________________________ 12. 2

Total Brushy Basin (thickness rounded) _ 342 
Salt Wash Member:

61. Sandstone, white to pale-brown, fine- to 
medium-grained; poor sorting; composed 
of subangular to rounded clear quartz and 
minor red chert; scattered clay pellets; 
poorly cemented._____________________ 13. 4

60. Siltstone, dark-red and green banded; in 
part shaly and paper weathering; even- 
bedded__-____________----_--_------- 1.6

59. Shale and sandstone, brown, fine- to medium- 
grained, poorly sorted; composed of sub- 
angular to rounded quartz, poorly ce 
mented; thin gray shale partings; even- 
bedded, beds as much as 1 ft thick ______ 5. 5

58. Sandstone, white to pale brown, medium- to 
coarse-grained at bottom to fine-grained 
at top; composed of clear quartz with 
minor pink and amber accessory minerals; 
fairly well sorted; poorly cemented; cross- 
bedded; limonite stains, channeling 
wedges_______-__---__--_-_----------- 27. 8

57. Shale, slightly silty, dark-brown to gray,
fissile. ________--__-_-----_-----------   5

56. Sandstone, white to pale-brown, fine- to 
medium-fine-grained, fair degree of sorting; 
composed of well-rounded to sub-angular 
clear quartz; crossbedded_____________-_ 10. 8

55. Sandstone, pale-brown, medium-fine-grained, 
very poorly sorted; composed of subangu 
lar to well-rounded clear quartz and minor 
pink, amber, and red accessory minerals; 
clay pebbles weather out leaving holes in 
the sandstone; conglomerate of claystone 
and limestone pebbles at bottom. _______ 2. 4

54. Shale, poorly exposed, silty, grayish green
green, forms slope.____________--_-_--- 21.0

53. Covered.........____._.___._-------_--- 21.0
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Thickness

Ladder Canyon section, measured on east side of Ladder Canyon 
from vicinity of old mica mine to prominent knob east of Jacobs 
Ladder road; sees. 19, 30, and 31, T. 12 S., R. WO W.   Con.

Morrison Formation   Continued 
Salt Wash Member   Continued

52. Sandstone, medium-fine-grained, subangular,
well-cemented; finely laminated. ________ 2. 0

51. Covered. Shale (?), gray-green, and sand
stone, light-brown__________ ___________ 31. o

50. Limestone, gray-brown (dove), fine-grained. . 9
49. Shale, gray, green, and maroon, clay, silty; 

6 in. of light-brown medium-grained sand 
stone near top_ _______________________ 3. 9

48. Sandstone, pale-brown, fine- to very fine 
grained; composed of clear quartz and 
colored accessory minerals______________ l. 0

47. Shale, gray-green and red, silty; forms
rubbly slope. _ ________________________ 12. 8

46. Sandstone, white to light-brown, fine 
grained; composed of angular to subangu 
lar clear quartz with pink, amber and gray 
accessory minerals; little cementing ma 
terial; crossbedded; ledge forming. ______ 2. 8

45. Shale, sandy, grayish green in upper half, 
grayish green to maroon in lower half, 
rubbly; contains gray carbonaceous clay 
band near top and thin irregular brownish 
weathering limestone near bottom. ______ 12. 0

44. Limestone, gray-brown (dove-colored), aph- 
anitic, slabby; contains 6 in. gray-green 
shaly parting in upper half _ ____________ 2. 8

43. Shale, silty to sandy, gray____ ____________ 5. 4
42. Sandstone, light-brown, fine- to medium-

grained, evenly laminated. _____________ 1. 8
41. Shale, silty to sandy, dark-grayish green;

rubbly we at he ring ; f o rms slope __ ______ 6.8
40. Limestone, medium-gray, aphanitic, slabby; 

contains sparse disseminated quartz grains. 
Unit contains bone fragment, ostracod 
and gastropod fragments, and algae (?) in 
upper part. Note: The Salt Wash-Sum- 
merville contact is difficult to place in this 
section. The lowest thick channeling 
sandstone of typical Salt Wash aspect is 
unit 56 and is well above the projected 
base of the Morrison. This fresh-water 
limestone (unit 40) is the lowest prominent 
limestone in the section and the base of Salt 
Wash is arbitrarily placed at the base of the 
unit. The mixed-grained sandstone, unit 
47, and the carnelian-chert encrustations in 
unit 31 are characteristic of the Summer- 
ville Formation of western-most Colorado. 1. 4 

Total Salt Wash (thickness rounded) __ 189 
Total Morrison (thickness rounded) ___ 531 

Summerville Formation:
39. Shale, very sandy to silty, grayish green, 

poorly sorted, rubbly weathering, slope- 
forming. _____________________________ 5. 2

38. Sandstone, light-brown, fine- to medium-fine 
grained; unit is gently lenticular and 
appears as less resistant continuation of 
underlying unit. A few cuspate ripple 
marks and some crossbedding noted _ _ _ _ 5. 4

Ladder Canyon section, measured on east side of Ladder Canyon 
from vicinity of old mica mine to prominent knob east of Jacobs 
Ladder road; sees. 19, 30, and 31, T. 12 S., R. 100 W. Con.

Summerville Formation Continued ,, ( ,
37. Sandstone, light-brown, fine-grained, poorly 

sorted; composed dominantly of clear 
quartz but contains scattered very coarse 
rounded grains of quartz, and gray and 
black chert; finely ripple-marked; parallel- 
bedded; contains a few thin reddish part 
ings in middle of unit-_________________ 3. 4

36. Shale, brownish-gray to greenish-gray, rub 
bly weathering; contains numerous medi 
um-sized rounded clear quartz grains in 
bottom few feet_______________________ 10. 2

35. Clay, light-green, possibly bentonitic______ . 2
34. Shale, silty, grayish-green, rubbly weather 

ing, contains thin lenses of concretionary 
limestone ____-_____-____-_--__-_--___ .7

33. Clay, light-green, possibly bentonitic_ __ _ _ _ . 3
32. Shale, silty, grayish-green, rubbly weather 

ing, contains thin lenses of concretionary 
limestone- ___________________________ 1. 5

31. Limestone, grayish-green, arenaceous, blebs 
and patches of finely botryoidal carnelian 
chert encrusting top of unit-____________ .4

30. Shale, silty, grayish-green, rubbly weather 
ing; contains thin lenses of concretionary 
limestone -_____--_______-_____-__--__ 1.6

29. Clay, slightly silty, light-green, possibly
bentonitic ___________________________ .4

28. Shale, silty, grayish-green, rubbly weather 
ing; contains sparse disseminated fine 
grained clear quartz grains and a few pink 
and amber grains_____-________________ 1. 8

27. Shale, sandy, dark-red; contains dissemi 
nated subangular to rounded fine- to 
medium-grained amber-stained quartz. 
Contains a few beds that weather to 
red-brown concretionary limy fragments. _ 7. 0

26. Sandstone, light-green, fine- to very fine 
grained; composed of clear well-rounded 
quartz and sparse red accessory mineral 
grains; clusters of several grains form 
larger tightly cemented balls,___________ .4

25. Shale, dark-red, arenaceous; contains fine- 
to medium-grained scattered amber- 
stained quartz grains; a few beds that 
weather to red-brown concretionary 
fragments; 0.2 ft dark maroon clay shale 
at top__-_______-__--____--_-._-__-__ 8. 5

24. Shale, sandy, bright-green with red stringers 
and mottlings; contains amber-colored 
grains in limonite-stained rock, grains are 
silt- to medium-sized; poorly sorted; con 
cretionary beds with dark-gray hard lime 
stone centers _________________________ 2. 1

23. Sandstone, white, purple, and red mottled; 
composed of very well-rounded quartz 
grains; calcareous cement._____________ .2

22. Sandstone, yellow-brown to dark-brown, very 
limonitic; composed of amber-stained well 
rounded quartz; platy to shaly weathering, . 2 

Total Summerville (thickness rounded) _ 50
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Ladder Canyon section, measured on east side of Ladder Canyon 
from vicinity of old mica mine to prominent knob east of Jacobs
Ladder road; sees. 19, 30, and 31, T. 12 8., R. 100 IF. Con.

Thickness 
Entrada Sandstone: (feeo

21. Sandstone, very fine-grained; composed of 
uniform well-sorted clean quartz grains; 
forms traceable unit of Entrada. Top 
contact is gradational__________________ 12. 0

20. Sandstone, whitish yellow to buff, fine- to 
medium-grained; ledges peel back along 
horizontal bedding planes; beds 1-3 ft 
thick; little or no cementing material; 
contains scattered medium-coarse rounded 
quartz grains _________________________ 39. 0

19. Sandstone, white-buff, fine- to medium- 
grained; composed of rounded to angular 
quartz. Lower 10 ft of this interval is 
crossbedded; the upper 12 ft is parallel 
bedded with beds 1-2 ft thick___________ 22. 0

18. Sandstone, orange red, medium-fine-grained; 
composed of rounded to angular quartz 
grains; horizontal bedding; unit forms the 
main ledge of the formation ____________ 46. 0

17. Sandstone, grayish white to orange, medium- 
fine-grained; grains well-rounded to 
angular, smaller grains more angular, and 
large grains perfectly rounded and most 
abundant in the lower 20 ft of the bed. 
Basal contact is a sharp slightly irregular 
bedding plane marking the base of occur 
rence of the large well-rounded grains. 
One bed of the Kayenta wedges out 
beneath contact. Kayenta weathers to 
form prominent bench, ________________ 20. 0

Total Entrada (thickness rounded)____ 139
Upper 73 feet of Entrada probably is 

Moab Member; lower 66 feet, Slick 
Rock Member 

Kayenta Formation:
16. Sandstone, white, weathering pink, fine- to 

medium-grained; composed of angular to 
subangular clear quartz; even slabby- 
weathering beds__-_-_________________. 8. 0

15. Sandstone, white to buff, fine- to medium- 
grained ; composed of angular to subangular 
clear quartz, fairly well sorted; friable to 
tightly cemented._____________________ 8. 0

Total Kayenta____________________ 16
Wingate Sandstone:

14. Sandstone, white to yellow on weathered 
surface, fine-grained, fairly well sorted; 
composed of angular to perfectly rounded 
quartz grains; friable; crossbedded_______ 20. 0

13. Sandstone, orange to white, medium- to
fine-grained; forms massive cliff.________ 237. 0

12. Sandstone, orange-red, fine- to medium-
fine-grained__-__-_-_--___-_____---___- 31. 0

11. Sandstone, orange-buff, very fine-grained; 
contains scattered medium-grained per 
fectly rounded grains __________________ 31.4

10. Sandstone, white, medium-fine-grained; con 
tains scattered coarse grains, poorly 
sorted; hard, dense; calcareous cement; a 
similar thin layer is present in Unaweep

Ladder Canyon section, measured on east side of Ladder Canyon 
from vicinity of old mica m'.ne to prominent knob east of Jacobs 
Ladder road; sees. 19, 30, and 31, T. 12 S., R. 100 W.   Con.

Thickness
Wingate Sandstone   Continued (/eet)

Canyon section. Basal contact is sharp; 
change in color from brick-red Chinle to 
white and pale-brown sandstone of Win- 
gate, slight change in grain size from silt- 
sized Chinle to very fine- to fine-grained 
sandstone of Wingate__________________ 0. 6

Total Wingate (thickness rounded) _ _ _ _ 320
Chinle Formation:

9. Siltstone, brick-red; concretionary weather 
ing, concretions are rounded and un- 
stratified, boulders of siltstone are 2 ft in 
diameter ______________________________ 17. 9

8. Siltstone, shaly, brick-red; forms small
ledge ; laminated _______________________ 6. 2

7. Siltstone, lowest 3 in. contains clay galls; 20 ft 
of well-fractured shaly rubbly slope-forming 
siltstone in middle part; top 4 ft is con 
cretionary weathering, concretions are 1 
ft to 1 mm in diameter, small concretions 
have conglomerate-like appearance. Con 
cretions are siltstone throughout _________ 24. 0

6. Siltstone, brick-red, mottled white in places; 
highly fractured; channel cut and fill 
suggests stream deposition_______ ________ 13. 8

5. Siltstone, brick-red, arenaceous; 2-in. con
glomerate, maximum size pebbles, 1 in____ 5. 9

4. Siltstone, brick-red, arenaceous; faint lami
nations ; contains clay galls ______________ 1.0

3. Siltstone, red ; part of the interval covered with
siltstone talus--_-___--_--_---_--------- 15. 2

2. Covered; granitic soil, talus and siltstone. 
Contact with igneous and metamorphics 
covered with several feet of weathered 
granite and talus; contact forms a bench 
15-20 ft wide in stream canyon. _________ 11. 0

Total Chinle (thickness rounded) _ ____ 95
Precambrian complex:

1. Gneiss and schist, pegmatites; granitic rocks 
are intrusive in older metamorphics. Mica 
mine located nearby in canyon.

East Unaweep Canyon section, sec. 1-3, T. 14 S., R. 100 W.

[Measured by C. N. Holmes, May 1948]

ThicknessBurro Canyon Formation (incomplete) :
116. Top of exposure, not top of formation. 
115. Sandstone, yellow-brown to buff, medium- 

to medium-coarse-grained; quartz grains 
well-rounded, friable, crossbedded; small 
pockets of chert and quartz pebbles 3 in. 
in diameter; good sorting and rounding 
are striking feature for the extreme len 
ticular nature of bed; cut and fill chan 
nels ________--______________-_-_--_--- 63. 5

114. Conglomerate; light-brown; contains both 
angular and well-rounded fragments of 
black and white chert and quartz; len 
ticular unit, small lentils of conglomerate 
pinch out along strike within 25 ft_   __ __ 2. 0

721-906 O-65 12
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East Unaweep Canyon section, sec. 1-3, T. 11 S., R. 100 W. 
Continued

Thickness 
Burro Canyon Formation (incomplete) Continued (feet)

113. Sandstone, light-brown, medium-grained; 
composed of well-sorted and rounded 
quartz grains; friable, porous, permeable. 30. 7 

112. Covered________________________ 13.8
111. Conglomerate, yellow-brown, mainly chert 

and quartz pebbles 3 in. in diameter in 
sandstone matrix_____________________ 3. 0

Total Burro Canyon measured (thick 
ness rounded)__________________ 113

Morrison Formation:
Brushy Basin Member:

110. Shale, chocolate-brown, silty, highly frac 
tured. ______________________________ 12. 0

109. Sandstone, buff, very fine-grained; calcare 
ous cement; jointed.________________ 6. 0

108. Shale, reddish brown, silty, highly frac-
tured_______________________________ g. 2

107. Sandstone, very fine-grained, hard, dense;
forms small ledge___________________ 3. 0

106. Clay, bentonitic____________________ n. 8
105. Clay shale, light-gray and chocolate-brown;

forms tan-weathered slope.____________ 11.0
104. Clay, silty, and siltstone; light-brown. ____ n. 4
103. Clay, light-brown______________________ n. o
102. Clay, silty; partly covered_____________ 22. 4
101. Sandstone, light-brown, fine- to medium- 

grained, limonite spotted, friable; len 
ticular ; forms bench on ridge __________ 3.6

100. Covered_____---_--__-___.__________ 3.0
99. Clay, silty, forms white slope ____________ 25.0
98. Clay shale, light-gray _________________ 8. 0
97. Shale, reddish brown, silty, highly frac-

tured______ -------_____________ 11. 0
96. Siltstone, red; shaly fracture___________ 10. 0
95. Clay, bentonitic, light-gray to white______ 1. 0
94. Siltstone, red, shaly, highly fractured.____ 5. 0
93. Limestone, white, shaly; angular fracture;

forms rubbly slope.__________________ 5. 0
92. Siltstone, limy, white__.________________ 2.0
91. Claystone, light-gray; shaly fracture._____ 10.4
90. Limestone, silty; contains disseminated

coarse black chert grains._____________ .6
89. Siltstone, red and white mottled; angular

fracture..___________________________ 19. 0
88. Siltstone, red and white mottled; contains

scattered angular black chert grain_____ 8. 4
87. Shale, silty, red; partly covered_________ 21.6
86. Sandstone, purple maroon, very fine-grained, 

0.2 ft bed of coarse angular sandstone to 
fine conglomerate; containing red and 
yellow chert grains and granules _______ 3.0

85. Shale, dark-red, silty, thin-bedded _______ 16.0
84. Siltstone, red and white mottled; contains 

limy shale partings, siltstone concretions 
6 in. in diameter along bedding plane. __ 4. 0 

83. Siltstone, purple; forms rubbly slope_____ 3. 0
82. Claystone, purple-maroon, highly fractured ;

forms rubble-covered slope _ ___________ 2. 8
81. Shale, silty, light-gray, limy_____________ 11.2
80. Shale, limy, white, thin-bedded-_________ 5.5
79. Aragonite_____________________________ . 1

East Unaweep Canyon section, sec. 1-3, T. 11 S., R. 100 W.  
Continued

Morrison Formation Continued
Thickness

Brushy Basin Member Continued (feet) 
78. Siltstone, purple-maroon, highly fractured;

forms steep rubbly slope.______________ 12. 4
77. Siltstone, light-brown, shaly; highly

fractured_____________________________ 5. 0
76. Covered. Contact with Salt Wash Member 

difficult to determine at this section; the 
top thick crossbedded sandstone below the 
bentonitic clay was chosen. However, the 
lenticular nature of the sandstones of the 
Salt Wash makes it impossible to trace any 
one bed more than several hundred feet__ 4. 6

Total Brushy Basin (thickness rounded) _ 298 
Salt Wash Member:

75. Sandstone, light-brown, fine- to medium- 
grained, well-rounded; crossbedded, 3-in. 
lensing conglomerate of angular shale 
fragments }i in. in diameter; unit forms 
vertical cliff; friable, permeable and 
porous. Unit may represent basal con 
glomerate of Brushy Basin in westernmost 
Colorado and eastern Utah but, in absence 
of chert pebbles, it is assigned here to the 
Salt Wash_________________-__-__-___- 16. 0

74. Shale, red; partly covered_______-___--.--_ 13.0
73. Sandstone, light yellow-brown, medium- 

fine-grained; subangular; friable; ledge 
forming.____________________-----_-__ 10. 0

72. Shale, red, mottled white, limy___-.____--- 10.1
71. Siltstone, chocolate-brown, highly fractured;

forms rubbly slope. ______.____--_____- 10. 2
70. Sandstone, yellow-brown, medium-fine 

grained, fairly well sorted, subangular 
grains_______________-__-----_-_----- 3. 5

69. Shale, red, silty-_----------_------------ 2.0
68. Sandstone, white, very fine- to medium- 

grained, well-sorted__________________ 6. 0
67. Siltstone, red and white mottled; forms

rubbly slope.__________________--__--- 28. 0
66. Sandstone, light-brown, medium-fine 

grained; speckling of limonite spots; sub- 
angular grains.________________-_-_--- 5. 6

65. Shale, red, highly fractured.___________ 9. 7
64. Sandstone, light-brown, fine-grained, cal 

careous, tightly cemented______________ 7. 0
63. Shale, silty; interval partly covered------- 20. 0
62. Sandstone, light-brown, medium-fine-grained

limonite spots, tightly cemented; jointed- 6. 0 
61. Covered____-___-______-_-__--_------- 6.2
60. Sandstone, white, fine-grained, tightly ce 

mented; thin-bedded....___________--- 1. 5
59. Sandstone, white, medium-fine-grained, 

friable; limonite stained spots; porous 
and permeable; crossbedded_______-_- 15. 0

58. Covered.---..__________   __.__- 11. 2
57. Siltstone, red and white mottled, shaly, thin

clay partings. ______________--_-_----- 45. 0
56. Limestone, light-gray, crystalline, dense,

jointed---.----_--_-_-_--------------- 1- 0
55. Shale, light-gray, limy___________________ 4. 6
54. Sandstone, light-brown, fine-grained, tightly

cemented, dense; jointed, thin-bedded-__ 2. 4
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East Unaweep Canyon section, sec. 1-3, T. 11 S., R. 100 W.  
Continued

Morrison Formation Continued Thickness 
Salt Wash Member Continued (feet) 

53. Shale, light gray-green, silty, well-fractured- 8. 8 
52. Covered________--__-__________-_-_._- 14.2
51. Sandstone, light-brown, medium-grained, 

friable, limonitic, fairly well sorted, an 
gular to subangular grains; crossbedded- 3. 0 

50. Shale, maroon-red, silty; well-fractured_ ___ 1. 0
49. Siltstone, gray, shaly_ ___________________ 7.4
48. Limestone, dove-gray, dense; forms a re 

sistant ledge,______________________ 0. 6
47. Siltstone, gray, shaly_ ___________________ 5.0
46. Limestone, dove-gray, dense, ledge-forming. 2. 0 
45. Siltstone, shaly, gray_ ___________________ 2.0
44. Limestone, dove-gray, dense; concretions.__ 1. 0 

Total Salt Wash (thickness rounded) _ _ 279 
Total Morrison (thickness rounded) _____ 577

Summerville Formation:
43. Siltstone, gray, shaly _ ___________________ 3. 8
42. Sandstone, white, uniformly fine-grained;

calcareous cement; forms ledge_________ 2. 0
41. Siltstone, dark-gray on fresh surface, shaly_ 4. 2 
40. Sandstone, white, fine-grained, dense; com 

posed of subangular to angular grains; 
calcareous cement_____________________ 1.0

39. Siltstone, dark-gray, shaly; forms light-gray
weathered slope; highly fractured_______ 6. 4

3"8. Sandstone, white, fairly well-sorted, consists 
of subangular grains, contains coarse an 
gular black chert grains; forms very per 
sistent ledge for many miles.___________ 2. 4

37. Siltstone, red and gray mottled, well-bedded,
0.2-ft limestone bed_ __________________ 3. 4

36. Sandstone, white, dense, fine-grained; calcite
crystals encrusting surface _____________ 1.7

35. Siltstone, dark-brown, shaly, highly frae-
tured________________________________ 10. 1

34. Siltstone, gray, shaly, fractured.__________ 2. 6
33. Siltstone, dark-brown; dense; gray limestone 

concretions 3 in. in diameter; highly frac 
tured. _______________________________ 2. 5

32. Siltstone, gray, shaly, limy, highly fractured- 11.0 
31. Sandstone, white, well-sorted, subangular to 

well-rounded, friable; deep-red iron stain 
in part of sand________________________ 8. 7

30. Sandstone to siltstone, dark-maroon, very 
limonitic, disseminated perfectly rounded 
amber coarse quartz grains._____________ . 2

Total Summerville (thickness rounded). 60 
Entrada Sandstone: 

Moab Member:
29. Sandstone, white, red stained; contains per 

fectly rounded coarse grains; friable, 
loose sandstone.______________________ 16. 2

28. Sandstone, white, poorly sorted; well- 
rounded to angular grains ______________ 1.0

27. Sandstone, white to slightly pink; contains 
clean angular to subangular quartz grains, 
friable; benchforming__________________ 22. 4

26. Sandstone, pinkish-white, medium- to fine 
grained, angular to perfectly rounded 
quartz grains; horizontal bedding, forms

East Unaweep Canyon section, sec. 1-3, T. 11 S., R. 100 W.  
Continued

Entrada Sandstone Continued Thickness 
Moab Member Continued ^eet) 

bench weathering back from "slick rim" 
cliff____ _____________________________ 5. 6

25. Sandstone, orange-red, medium-grained; an 
gular to subangular grains, horizontal 
bedding_______ _______________________ 2. 1

Total Moab Member. _______________ 47. 3
Slick Rock Member:

24. Sandstone, orange-red, medium-grained;
forms "slickrim"______________________ 21. 8

23. Sandstone, orange-red, medium- to fine 
grained; contains rounded quartz grains.__ 5. 6

22. Sandstone, orange-red, medium-grained, 
fairly well-sorted, crossbedded, friable; 
5 ft swing to crossbedding, increasingly 
crossbedded near top of interval _________ 29. 0

21. Sandstone, orange to orange-red, friable; 
contains coarse perfectly rounded grains 
of amber-stained quartz grains in medium- 
fine-grained matrix. Contact between 
the Wingate Sandstone and Entrada ap 
pears gradational in lithology; Kayenta 
Formation is missing. Wingate is dense, 
tightly cemented and reddish brown; the 
Entrada is orange, friable, and has per 
fectly rounded medium-grain sizes in fine 
grained quartz matrix._________________ 4. 6

Total Slick Rock Member____________ 61. 0
Total Entrada (thickness rounded)_____ 108

Wingate Sandstone:
20. Sandstone, reddish brown; consists of well- 

sorted medium-sized quartz grains; highly 
crossbedded- _________________________ 44. 9

19. Sandstone, medium-grained, dark limonite 
spots, well-cemented; reddish-brown and 
black mottling on weathered surface_____ 4. 0

18. Sandstone, medium-grained, well-cemented,
horizontally bedded; forms break in slope. 104. 7

17. Sandstone, salmon-pink, medium-fine 
grained, friable; contains some mica 
flecks, weathers into >£->£ in. plates, 3-ft 
tangent swing of crossbedding-_________ 50. 4

16. Sandstone, reddish brown; uniformly fine 
grained sand; crossbedded, tangent swing 
20-30 ft     _--_   .   --   -   37. 2

15. Sandstone, reddish brown, medium-fine 
grained, contains scattered coarse quartz 
grains but sorting good in general; friable; 
crossbedded, 1-ft swing in foresets_----__ 26. 0

14. Sandstone, salmon-pink, very fine-grained, 
poorly sorted, contains scattered coarse 
well-rounded, amber grains____-----____ 2. 5

13. Sandstone, dense, crystalline calcite cement, 
hard shale pellets; consists of fine-grained 
sand with scattered coarse quartz grains. 
Note: Contact of Chinle Formation with 
Wingate is sharp and distinct. Dense 
maroon siltstone of Chinle underlies verti 
cal cliff of salmon-pink Wingate _________ .5

Total Wingate (thickness rounded) _ _ _ _ 270
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East Unaweep Canyon section, sec. 1-8, T. 11 S., R. 100W.   Con.
Thickness 

Chmle Formation: (feet)
12. Siltstone, maroon, hard dense; contains 

scattered mica flecks; gray-white limestone 
concretions near top_ _ _________________ 10. 0

11. Siltstone and very fine-grained sandstone; 
concretions as much as 5 ft in diameter; 
shaly sand and silt; in places contains 
scattered mica flakes __________________ 43. 0

10. Siltstone, dull brick-red, dense, hard, very 
fine-grained; concretionary in places along 
strike, concretions 3 in. to 3 ft diameter__ 27. 0

9. Conglomerate, mainly siltstone pellets; con
tains calcite, cement- _ _________________ 1.0

8. Siltstone, dull brick-red, thin-bedded, }_-l in.
partings ; forms shaly slope _____________ 10. 2

7. Siltstone, brick-red, some white mottling;
few concretions __-----__-_____________ 2. 0

6. Siltstone, brick-red; contains a few scattered
coarse quartz grains ___________________ 14. 8

5 Conglomerate, red, arkosic; finer pebble size 
than basal conglomerate; pebbles are 
mainly siltstone, clay, and some quartz; 
lenticular ___ ________________________ 2. 8

4. Siltstone, brick-red, shaly, highly fractured;
forms shaly slope. _____________________ 5.6

3. Conglomerate, red, arkosic; contains feldspar 
pebbles and granules of quartz, clay, and 
shale fragments; conglomerate varies in 
thickness along strike__ _ _______________ 1. 5

2. Covered ; granitic soil- ___________________ 2. 1
Total Chinle (thickness rounded) ________ 120

Precambrian complex:
1. Granite, schist, and gneiss complex; pegmatite 

dikes. Base of measured section.

SELECTED DRILLERS' LOGS OP WELLS

Drillers' terms in the following logs have not been 
modified; "oil shows" reported by drillers are believed 
to be fictitious; I added geologic formation tops.

P.M.Log of well 1 in the SW}iNElA sec. 29, T. I N., R. 1 W., Ute

[0-1,200 ft drilled by H. L. Morgan, using cable-tool rig; 1,200-1,639 ft drilled by 
A. R. Chvilicek, using hydraulic rotary rig]

Thickness Depth 
Quaternary deposits : (feet) (feet)

Surface soil- ____________________________ 40 40
Red and yellow clay. ____________________ 22 62
Gravel and sand_______ __________________ 9 71

Mancos Shale :
Shale, _ _ _-----__-___________________ 643 714

Dakota Sandstone and Burro Canyon Formation:
Sandstone (water and gas)________________ 3 717
Broken shale and slate_ __________________ 67 784
Dark gray sandstone (gas) ________________ 12 796
Shale and bentonite_ _ ____________________ 31 827
Red and green shale ___ _________________ 29 856
Bentonite and shale______________________ 64 920
White sandstone __ _____________________ 36 956

Morrison and Summerville Formations:
Gray clay and shale _ ___________________ 29 985
Sandy shale_____________________________ 11 996

Log of well 1 in the SW^NE^i sec. 29, T.I N., R.I W., Ute P.M.  
Continued

Morrison and Summerville Formations Con. 
Sandy clay____________________________
Broken bentonite and shale_______________
Red and green shale____ _________________ 156
Slate and shale__________________________
Gray-green shale________-_______-___-_-__
Gray limey sand_________________________
Sandy lime shells________________________
Varicolored shale________________________
Red lime_______________________________
Shale and lime shells-____________________

Entrada Sandstone:
Sandstone, salmon (La Plata).____________
Variegated shale_________________________

cknest 
'eet)

31
73
.56
34
92
28
35
67

6
37

82
2

» Depth 
(feet)

1,027
1, 100
1,256
1,290
1,382
1,410
1,445
1,512
1,518
1,555

1,637
1,639

Log of well 2 in the NW%NE% sec. 29, T. 1 N., R. 2 W., Ute P.M.

[Drilled by D. S. Isaacs]
Thickness Depth 

Quaternary deposits: (feet) (feet)
Red sandy top soil_-___-__--_-_-__------- 20 20

Dakota Sandstone and Burro Canyon Formation:
Sandy_-___________-_--__---_--_-------- 34 54
Sandy red shale_-_____--___-___-_-_-_-_- 27 81
Sandstone (water at 82)____-____.________ 2 83
Green shale____________.____________-__- 12 95
Redshale__-___-_____---___--____-----_- 28 123
White sandstone_________________________ 5 128

Morrison and Summerville Formations:
Redshale_______________________________ 10 138
Green shale__-_-_-_-_-_-___-_____-----_- 5 143
Hardrock__-___-_-__-_-___--_-__-----_- 2 145
Gray shale___________________________-_- 15 160
White sandstone__-_____-___-_--___--_-_- 5 165
Gray shale___________-_-___--_--_------- 10 175
Redshale__-____--_-_---_______-----_--- 51 226
Green shale_____-____-_-____--___-_----- 24 250
Gray shale__-_______-____-__-____------- 25 275
Gray shale and sandstone stringers_________ 15 290
Gray sandstone, very hard___--_____----_- 57 347
Redshale____-_______---__-__-__-------- 3 350
Hard gray rock___-______________-------- 60 410
Sandstone__________-_______--___------- 20 430
Hard rock, quartz stringers.______________ 8 438
Gray _-   -..--       -   ------ 42 480
Hard gray rock, quartz stringers___________ 70 550
Gray sandstone, increase in water__________ 30 580
Light gray sandstone, increase in water_____ 30 610
Redrock______---_-----_____--_-------- 20 630

Entrada Sandstone:
White sand (heavy flow of water; 20 gpm)__ 19 649
Pink sand (no more increase in water)______ 35 684

Log of well 8 in the NE}iNE}i sec. 32, T. 1 N., R. 2 W., Ute P.M

[Drilled by D. S. Isaacs]

Thickness Depth
Quaternary deposits and Morrison Formation: (feet) (feet)

Redtopsoa                        29 29
Morrison and Summerville Formations:

Gray shale                       21 50
Brown sandstone.-_-_---_-_----_--------- 2 52
White sandstone (some water)_________--_-_ 8 60
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Log of well 3 in the NE^NE1/* sec. 32, T. 1 N., R. 2 W., Ute P.M  
Continued

Morrison and Summerville Formations   Con.

Very hard brown rock_ ___. __ _ __
Gray sandstone (increase in water)... .___
Hard rock. ______ ______ _ ______ _ __
Red sandstone _ __ __________ .
Very hard. ___ _ _ _________ _ __ _ _
Gray sandstone (increase in water). __ .
Red sandstone ____ __ _ ___
Hard red rock. ________
Pink sandstone (increase in water) __ _ _
Hard white rock (commenced flowing) _

Entrada Sandstone:
White sandstone-______ ___ _____
Pink sandstone . ____

Kayenta Formation:
Brown sandstone (water increasing)______ _

Wingate Sandstone:
Dark red sandstone. __ ________ _ ...

Log of well 4 in the SW}iNW}i sec. 33, T. 1 N., R. 2

[Drilled by D.S.Isaacs]

Quaternary deposits and Morrison Formation:
Red top soil _ __ ____________ .___

Morrison and Summerville Formations:
Gray-green shale _ _______ _____ _
Gray shale___ ____ ______ _ _ __ ____
Very hard gray rock (some water)
Dark red shale. _ _ __ ________
Gray shale, hard stringers. ______ _____ __
Gray- white sandstone (some increase in water) _
Gray shale __ _____ _ __ ________ ____
Red shale__ _._-____ __._ ___ _ ___ __
Hard brown rock ______ _ _
Red shale. _ _ ____________ ____
Hard red rock _____ ________

Entrada Sandstone, Kayenta Formation and Win-
gate Sandstone:

White soft sandstone (water increased)
Pink sandstone ______ _____ ______
White sandstone_______ _ _________ _
Pink sandstone ______ ___ _________

Log of well 5 in the NW^iNW^i sec. 18, T. 1 S., R. 1

[Drilled by Mesa Drilling Co.]

Quaternary deposits:
Surface. ____ ___ _ ______
Gravel (water) _____ ______
Quicksand __ _ ___ ____ _ _

Mancos Shale:
Shale ___ _____ _____ ____

Dakota Sandstone and Burro Canyon Formation :
Gray sand and shells (gas at 730 ft)

Burro Canyon and Morrison Formations:
Shale with bentonite- _ ___. __-_ _._

Morrison and Summerville Formations:
Sand (3 gpm) ..__ _ _ ________
Red shale. _______________ ___ ____

Thickness Depth
(feet) (feet)

5 65
18 83

7 90
17 107

2 109
51 160
80 240
25 265
10 275
45 320

65 385
90 475

75 550

105 655

W., Ute P.M.

Thickness Depth
(feet) (feet)

29 29

26 55
5 60

35 95
3 98

17 115
35 150
Ifi 165
12 177

2 179
3 182

17 199

41 240
137 377
86 463
37 500

E., Ute P.M.

Thickness Depth
(feet) (feet)

10 10
15 25
55 80

638 718

62 780

438 1, 218

18 1, 236
85 1, 321

Log of well 5 in the NWftNWft sec. 18, T. 1 S., R. 1 E., Ute P.M.  
Continued

Morrison and Summerville Formations Con. 
Red sand_______________________________
Red shale_____________________________
Gray sand-_____________________________
Red shale_____________________________
Gray sand ______________________________
Sandy shale_____________________________
Red shale______-_______-___-_--_--_-----
Hard lime shell.________________-___-_---
Brown and blue shale. ____________-----_-
Hard lime____________-___--_-----_-_---
Gray shale and lime shells._______________
Lime shell, very hard___________________
Gray shale with lime shells...-_-______-_--
Gray sand with lime. _____-_____-_----_-_
Gray shale_________________-__----------
Hard lime_ -_______________-___-_-------
Lime and sand__________________________
Red shale___----------------------------

Entrada Sandstone:
Water sand (water at 1,540, 1,550, and 1,599

ft).  _---   __   _.   _-----    
Red and green shale_____-_-----_-_-------

Sickness
(feet)

1
12

3
4
7
6
4
3

17
4

32
5

18
8

32
7

16
40

Deph
(feet)

1,322
1,334
1,337
1,341
1,348
1,354
1,358
1,361
1,378
1,382
1,414
1,419
1,437
1,445
1,477
1,484
1,500
1,540

73
2

1,613
1,615

Log of well 6 in the NE}iSW}i sec. 29, T. 1 S., R. 1 E., Ute P.M.

[Drilled byH. L. Morgan]

Quaternary deposits and Mancos Shale:
Surface sand and mud____________________

Mancos Shale:
Shale______________-____---__-----_-----

Dakota Sandstone and Burro Canyon Formation: 
Sandstone (salt water)____________---_-_--
Shale, gray, sticky_______________________
Sandstone, hard________________-___---_-
Shale__.________-____---__-_----------
Chert, abrasive__________________________
Variegated shale_________________________
White sandstone. _______--_________-----

Morrison and Summerville Formations:
Brown and green shale___________________
Bentonite _____________-_____--__-_-__-
Gray sandstone. __________________---__--.
Bentonite__ _____________________________
Variegated shale__________-__--_______---
Gray sandy shale_ _______________________
Bentonite__-________________-_____------
Brown hard shale__ _ ______-_______-_-_---
Salt and pepper sands-___-__-______----_-
Sand and lime ribs_______-________--__---
Red shale______-_---__-_-----_--_-__----
Green shale with lime ribs._______________
Gray to brown sand and lime_____________
Hard lime and sand______________________
Green bentonite.________________________

Entrada and Wingate Sandstones:
Sandstone.____--______--___-________---
Red sandy shale.________________________

Thickness Depth
(feet) (feet)

64 64

356 420

16
22
5

34
18
68
67

436
458
463
497
515
583
650

130
20
7

25
38
70
25
30

780
800
807
832
870
940
965
995

15 1,010
125 1, 135
13 1, 148
82 1, 230
60 1,290
17 1,307
21 1, 328

202 1,530
30 1,560
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Log of well 7 in the SW^NW^A sec. 5, T. 1 S., R. 1 W., Ute P.M. 

[Drilled by J. D. Pinkerton]

Quaternary deposits:
Adobe topsoil___________________________
Gravel -_____________---_-_-----________

Mancos Shale:
Shale_________________-_-------_________
Sand_ ________________-------___________
Shale_________________-------___________
Hard lime_________-_-_--__-_-_-________
Hard lime and slate._____________________
Soapstone, red shale____-_________________

Dakota Sandstone and Burro Canyon Forma 
tion:

CoaL__________________________________
Coal and slate___________________________
Gray shale._____________________________
CoaL _________________________________
Gray shale.______-_-_-_--__-_-__________
CoaL__________________________________
Red and brown shale_____________________
Bentonite_ _ _____________________________
Red shale_______________________________
Sandy lime______________________________
Gray shale_.____________________________
Red shale.______________________________
Gray shale._____________________________
CoaL__________________________________
Sand_ __________________________________
Brown shale_____________________________
Chert, very hard_________________________
Gray shale, bentonite____________________
Green shale_____________________________
Green shale with sand____________________
Gray shale._____________________________
Red sandy shale__.______________________
Gray shale______________________________
Red shale.______________________________
Gas sand_ ______________________________
Pink shale with hard lime_________________
Green shale _____________________________
Gray shale._____________________________
Fine sandy gravel (well flowed salty water)___ 
Sand with fine gravel___--_-_----_--------

Morrison and Summerville Formations:
Gray shale._____________________________
Red shale_______________________________
Gray shale._____________________________
Red shale_______________________________
Gray shale with bentonite ________________
Red shale.______________________________
Red and gray shale with hard lime______.__
Gray shale with sandy lime_ ______________
White sand_ ____________________________
Gray shale______________________________
Red shale with bentonite _________________
Blue shale with lime streaks.______________
White sand _____________________________
Gray shale with bentonite ________________
Red shale_______________________________
Hard lime ______________________________
Red shale with lime streaks _______________
Red shale with white sand________________

Thickness Depth
(feet) (feet)

20 20
11 31

159
5

127
3
4
6

7
3
6
5
5
9
4
5
8
3
1

50
1
3

19
2
6

10
28
5

13
7
7
3

30
45
190

3
4
2
2
8
1
2
6
2

11
5

190
195
322
325
329
335

338
344
353
355
357
360
368
371
379
386
389
395
400
405
414
418
423
431
434
435
485
486
489
508
510
516
526
554
559
565

578
585
592
595
625
670
860
863
867
869
871
879
880
882
888
890
901
906

Log of well 7 in the SWy^NW\i sec. 5, T. 1 S., R. 1 W., Ute P.M.  
Continued

Thickness Depth 
Morrison and Summervilie Formations: Cont. (feet) (feet)

White sand (water-bearing)_______________ 28 934
Red shale_____________________________ 6 940
Gray shale with hard lime ________________ 105
Gray shale with sandy lime _______________
Gray shale with hard lime__ ______________
Bentonite_ ______________________________
Red shale_______-_---------_-__-___-____
Hard lime ______________________________

Entrada Sandstone:
White sand (well flowed 9 gpm)___________
Salmon colored sand (well flowed 12 gpm)____

Log of well 8 in the SW%SW% sec. 7, T. 1 S., R. 1 W., Ute P.M.

05
30
22
11
17
5

45
40

1,045
1,075
1,097
1, 108
1, 125
1, 130

1, 175
1, 215

[Drilled by D.S.Isaacs]

Quaternary deposits:
Sand and gravel._________________________

Dakota Sandstone, and Burro Canyon, Morrison, 
and Summerville Formations:

Yellow shale.____________________________
Sandstone.____________________-_--------
Bentonite. _ ____________________-__----_--
Yellow sandy shale_______________-_--_---_
Green shale__________________-----------_
Gray shale_______________________________
Red shale______________________------_---
Green shale____________________--_---_---
Bentonite__ _ ___________________-_----_---
Pink shale______________-_---_--_--------
Bentonite. _ ___________-_-_-___-----------
Hard white lime_____________---_---------
Gray shale________________---_-_---------
Gray sticky shale________-_-_-_-----------
Hard brown rock-_____________-_---------
Green sticky shale-___________-_-__-------
Red shale______________--_-------------
Green shale_____________--_-__-----------
Gray shale._____________------_----------
Hard gray rock______---_-_---------------
Gray shale_________----_-----------------
Red shale_____________-_-__------------
Gray shale with hard rock stringers.________
Hard white rock______--------------------
Red shale with sandstone stringers...-------
Hard gray sandstone.___________--_-------
Gray bentonite shale.____________-___-----
White lime___________________----------
Gray shale.___________-----_-------------
Red shale_______________-_-__----------
Hard brown rock-________--__------------
Hard white rock (set 5-inch casing, cemented 

to 713 ft to shut off cave)    _________---
Hard white rock._____________-__---------
Gray shale and sandstone___-_-_-----------
Dark red shale, white sandstone, and shells. _

Entrada Sandstone:
White to pink sandstone (water raised and 

flowed)________--_--.------------------
White to pink sandstone (water increased,

flowed \ 
Pink sandstone

Thickness Depth
(feet) (feet)

25 25

30
3
17
10
20
40
7
3

25
7
4
2
10
30
3
4

60
20
32
6

34
57
30
5

45
41
51
4
68
2
14

55
58
75
85

105
145
152
155
180
187
191
193
203
233
236
240
300
320
352
358
392
449
479
484
529
570
621
625
693
695
709

4 713
7 720

38 758
15 773

13 786

20 806
47 853
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Log of well 9 in the SE%SWyt sec. 7, T. 1 S., R. 1 W., Ute P.M. Log of well 10 in the NW%SE% sec. 10, T. 1 S., R. 1 W., Ute P.M.

[Drilled by F.B. Dykes]

Dakota Sandstone and Burro Canyon Formation : 
Rock__ _ _________________________________
Shale   --------------------------------
Brown sandstone. ________________________

Brown sandstone. _______________
Morrison and Summerville Formations: 

Hard blue bentonite_______-___-_-
White limestone- ________________
Hard purple shale and cobs_ ______
Red limestone. _ _________________
Hard blue shale_ ________________
Red bentonite__ _ ___--_-_--___-__
Gray bentonite. _________________
Blue shale and cobs_ _ ____________
Limestone. _ ____________________
Hard purple shale________-_-___-_
Rock_____ ______________________
Hard blue rock_ _________________
Clay__ _________________________
Dark-blue shale. ________________
Light-blue shale_ ________________
Red shale and cobs_ _____________
Hard purple rock_ _______________
Blue r ock_ ______________________
Purple shale_ _ ___________________
Hard purple shale and cobs_ ______
Dark-red shale_ _________________
Dark-blue shale_ ________________
Gray clay, soft- _________________
Rock _ ________________________
Light-blue shale_ ________________
Dark-blue shale_ ________________
Hard red shale. _________________
Rock_ __________________________
Light-blue shale_ ________________
Red shale__ _ ____________________
Red tight clay_____ ______________
Hard red rock_ __________________
Blue-gray rock_ _________________
Gray shale ______________________
Gray rock_ _____________________
Tight gray clay    ______________
Gray sandstone. _ ________________
Sticky clay and cobs, gray_ _______
Dark-blue shale, very tight_ ______
Dark-blue rock, hard___ __________
Brown sandstone. _______________
White limestone. ________________
Light-gray rock_ _________________
White limestone. ________________
Hard gray shale. ________________
Red and green clay. _____________
Red rock_ ______________________
Tight red clay___ ________________

Entrada Sandstone:
Fine gray sand, water-bearing. ____
Fine brown sand, water-bearing- __ 
Sandy clay, brown_______ ________
Soft brown sand, water-bearing___

Ute

kness
feet)

16
7

23
3

30

17
9

27
18
9

26
11
36
5
9

14
12
3
8
4
3

11
6
3

21
37
33
6
2

15
41
7
4
5
5

29
14
7

31
9

31
14
10
21
8

29
6

13
5

49
23
20
49

5
9
14
9

P.M.

Depth
(feet)

16
23
46
49
79

96
105
132
150
159
185
196
232
237
246
260
272
275
283
287
290
301
307
310
331
368
401
407
409
424
465
472
476
481
486
515
529
536
567
576
607
621
631
652
660
689
695
708
713
762
785
805
854

859
868
882
891

[Drilled by J. P. Sloss Drilling Co.]

Quaternary deposits:
Wash gravel-___________________________

Mancos shale:
Blue shale______________________________
Gray shale with lime stringers.____________
Sandy lime___________-__-_____________--
Blue and gray shale and sandy lime________

Dakota Sandstone and Burro Canyon Formation: 
Water sand (hole full of water)____________
Gray shale______________________________
Sandy lime______________________________
Blue shale__________--__-_________--___-
Green shale_____________________________
Light green sandy shale__________________
Hard sand (increase in water)_____________
Green shale_____________________________
Lime shells.____________________________
Green, red, and brown shale. _____________
Brown hard sarid________________________

Morrison and Summerville Formations:
Red, green, and brown shale______________
White and brown sand___________________
Sandy shale_____________________________
Green shale.____________________________
Brown sand_____________________________
Brown shale____________________________
Water sand (flowing 3 gpm)_______________
Sandy shale._________________________'___
White sand_____________________________
Gray lime and shale, sandy_______________
Lime shells and shale, gray.______________
Red shale _______________________________

Entrada Sandstone:
Water sand, pink (flowing 5 gpm)_________

Thickness Depth
(feet) (feet)

29 29

106
155
20
60

5
5

10
25
25
10
18
32
15
35
15

135
290
310
370

375
380
390
415
440
450
468
500
515
550
565

145
35
40

3
12
15
46
79

3

710
745
785
788
800
815
861
940
943

109 1, 052
48 1, 100
15 1,115

61 1, 176

Log of well 11 in the ^ sec. 15, T. 1 S., R. 1 W., Ute P.M

Thickness Depth
(feet) (feet)

25 25

[Drilled by H. L. Morgan]

Quaternary deposits:
Surface soil_ ____________________________

Mancos shale:
Shale (salt water)_____________-_-___-___-
Black sandy shale_ ______________________
Solid gray shale _ ______-_-__________--_-

Dakota Sandstone and Burro Canyon Formation: 
Sand rock_ ______________________________
Sandy lime (hard sulphur water)_______-__.
Light sandstone. ________________________
Dakota sand (well flowed 2 gpm) __ ______
Gray bentonite. _________________________
Red shale__ _ _____________________-_-----
White betonite_ _________________----_--.
Red shale. _________________-___--_-----.
Sandstone, ________-__-____-___-_---_-_.
Red bed____ -__________--_____--__--_-_.
Sandstone. _____________________________

Morrison and Summerville Formations:
Red shale_ _ _________-_-_________-------.
Bentonite, red _ _ ________________-------.
Bentonite, white ____ _____________________
Red shale __________________-_--_--_-_--.
Bentonite_ ______________________________

55
10
30

20
20
10
21
9

18
5

10
20
42

80
90
120

140
160
170
191
200
218
223
233
253
295
303

15 318
18 336
19 355
40 395
99 494
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Log of well 11 in the NW}iSW}i sec, 15, T. 1 S., R. 1 W., Ute P.M 
Continued

Thickness Depth 
(feet) 

60
Morrison and Sumraerville Formations Continued 

Red shale____________________________
Red shale_______________________________ 6
Hard lime______________________________ 5
Red bed________________________________ 14
White sandstone_________________________ 89
Red bed________________________________ 7
Bentonite_ ______________________________ 50
Lime.__________________________________ 52
Gray shale______________________________ 18
Hard lime______________________________ 10
Green shale_____________________________ 26
Red shale_______________________________ 21

Entrada Sandstone:
La Plata sand___________________________ 126

(feet) 
554 
560 
565 
579 
668 
675 
725 
777 
795 
805 
831 
852

978

Log of well 12 in the NW}iSE}i sec. 16, T. 1 S., R. 1 W., Ute P.M.

[Drilled byH. L. Morgan]

Quaternary deposits:
Gravel ________________________________

Dakota Sandstone and Burro Canyon Formation: 
Sandstone ______---_----_____-_________
Clay. _________________________________
White sandstone. _______________________
Yellow clay _ _ __________________________
Sandstone (little water)__________________

Morrison and Summerville Formations:

Thickness Depth
(feet) (feet)

48 48

Red bed_ ____________________________
Green shale_ _________________________
Red shale__ _ _________________________
Gray shale_ _____-_-_--_-______-_-____
Red and green shale__-_----___----____
Bentonite_ ______-_----_-_____--______
Red shale. _ __________________________
White sandstone. ______________________
Red bentonite. _______________________
White bentonite_ _____________________
White sandstone.. _ ___--__--__---_____
Bentonite. ___________________________
Sandstone. __________________________
Bentonite _ _ _________________________
Green shale. ____-_-____--____--______
Bentonite_ _ __________________________
Hard lime. __________________________
Red bed_ ___-___--------_______---___
Lime_ _______________________________
Red bed_ -______-_-__----_____.____-_
Green shale. _ ________________________
Gray shale. __________________________
Lime_ _______________________________
Red shale. ___________________________
Red sandy shale. _____________________

Entrada Sandstone:
La Plata sandstone. __________________

Kayenta Formation and Wingate Sandstone: 
(Log not available, well deepened) ______

Chinle Formation:
Chinle _ ____________________________

47
52
37
64

51
21
14
15
37
15
84
7

15
23
9
6

41
69
14
13
35
12
24
56
9

15
8
2
3
9

56
103
155
192
256

307
328
342
357
394
409
493
500
515
538
547
553
594
663
677
690
725
737
761
817
826
841
849
851
854
863

138 1,001

391 1,392

5 1,397

Log of well 16 in the NE}iNE}i sec. 81, T. 1 S., R. 1 W., Ute P.M. 

[0-865 feet, driller not known; 865-1,117 feet, drilled by J. D. Pinkerton]

Quaternary deposits:
Boulders. _ ______________________________

Dakota Sandstone and Burro Canyon Formation: 
Sandstone-____________------_______----
Shale- ___----------------------------
Coal ---_--------------------------_----
Shale_____--------------_-------_--.----
Sandstone._____________________________
Shale....----------------------------_
Sandstone.____________--_--__-______-__
Green shale_____________________________
Red shale_______________________________
Green shale_____________________________
Gray shale_____________-----_-______-___
Red shale______________--------_______-_
Hard lime_ ____-_______-------________-_
White sandstone____-___-----_________-__

Morrison and Summerville Formations:
Gray shale_____________-------__________
Hard lime______________________________
Various colored shales.___--_-_-_______--_
Hard gray sand_____-_----_____________
Various colored shales-___________________
Gray sand.________-__---------__-___--_
Red shale_______________________________
Red shale and shells_--_--------_______--_
Hard gray sand_-__------------------_-_-
Red shale.__________------------_____-_-
White sand_ ________-_---_----______--__
Gray sandy shale.____----_----______-___
Blue and green shale_____________________
Red shale____________-------____________

Entrada Sandstone:
White sand (artesian water at 832 ft) ______

Entrada Sandstone, Kayenta Formation, and 
Wingate Sandstone:

Sandstone.____________-__--_-__-___---_

Thickness Depth
(feet) (feet)

20 20

10
20

5
15
20
30
17
18
2

10
5
9
3

36

4
4

195
3

105
7

15
30
10
7

63
130

12
20

40

30
50
55
70
90

120
137
155
157
167
172
181
184
220

224
228
423
426
531
538
553
583
593
600
663
793
805
825

865

252 1, 117

Log of well 17 in the SEV±NE}i sec. 21, T. 1 S., R. 1 W., Ute P.M.

[Drilled by H. L. Morgan]

Quaternary deposits:
Boulders. _ _______________________________

Dakota Sandstone and Burro Canyon Formation: 
Sand rock _ ___________'________________-__-

Thickness 
(feet)

9

38
31

6
7

28

21 
Red and blue shale______--_--____----_------ 20

White sand (little water) _______
Hard sand. ___________________
White water sand (lots of water) 

Morrison Formation: 
Red clay _

10 
40 
55 

9
23 
13 

Blue and gray shale_______________________ 150
Heavy red clay.__________________________ 30
Mixed blue and gray shale.________________ 15

Hard clay lime. ____________ ________
Blue shale.-_______________________
Blue and red mixed shale____________
Hard gray slate_____-__---____-____- 
Red and blue structure._____________
Fine white sand (no increase of water).

Depth 
(feet)

9

47
78
84
91

119

140
160
170
210
265
274
297
310
460
490
505
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Log of well 17 in the SE}iNE}i sec. 21, T. 1 S., R. 1 W., Ute P. M  
Continued

Thickness Depth
(feet)Morrison Formation Continued

White sand (more water in hole, to 10 inches
of top).------------------------------- 7

Fine red sand-________-----_______-_-___- 7
White sand- __________-_--________------- 5
Hard red sand-_____-_--_____-_____------- 14
White water sand (well flowed)_____________ 30
Red sandy clay__-------_-_--------------- 5

(feet)

512
519
524
538
568
573

Log of well 18 in the sec. 21, T. 1 S., R. 1 W., Ute P.M.

[Drilled by D.S.Isaacs]

Thickness 
(feet) 

35
Quaternary deposits:

Sand, gravel, and boulders_____________
Dakota Sandstone and Burro Canyon Formation:

Yellow shale_________.___...____._____.__ 10
Hard rock (water) _______________________ 12
Sandstone stringers _______________________ 18

Morrison Formation:
Red shale______________________________ 48
Gray shale_______________________________ 10
Green shale______________________________ 27
Gray shale_______________________________ 8
Hard lime__ _____________________________ 3
Gray shale_------_--_________-___-___--__ 117
Green shale______________________________ 31
Gray shale with hard lime stringers _________ 94
Red shale________________________________ 57
White sandstone..-_______________________ 53

Depth
(feet)

35

45
57
75

123
133
160
168
171
288
319
413
470
523

Log of well 19 in the NE}iSE}i sec. 21, T. 1 S., R. 1 W., Ute P.M. 

[Drilled by H. L. Morgan]

Dakota Sandstone, and Burro Canyon, Morrison, Thickness Depth
and Summerville Formations: (feet) (feet)

Shale_____._____________________________ 30 30
Dakota sand_____________________________ 26 56
Light-gray shale___-______________-_______ 29 85
Red shale_______________________________ 5 90
White sand._____________________________ 7 97
Green shale______________________________ 23 L20
Bentonite_________._____________________ 20 L40
Green and red shale. ________ _____________ 25 165
Gray shale. _____________________________ 8 173
Red and gray shale_______________________ 12 185
Coarse gravel. ___________________________ 6 191
Green shale______________________________ 9 200
Bentonite_______________________________ 13 213
Red and green shale_.____________________ 8 221
Green shale ______________________________ 18 239
Red shale.______________________________ 16 255
Green shale______________________________ 6 261
Red shale_______________________________ 8 269
Bentonite_______________________________ 5 274
Red shale_______________________________ 18 292
Green shale________-_____________________ 15 307
Red and green shale_ _____________________ 8 315
Green shale______________________________ 9 324
Red and green shale___ ___________________ 11 335
Gray shale___ ___________________________ 17 352
Bentonite_ ______________________________ 18 370

Log of well 19 in the NE}iSE}i sec. 21, T. IS., R.I W., Ute P.M.  
Continued

Dakota Sandstone, etc Continued. (feet) 
Green shale______________________________
Red shale_______________________________
Gray sand____________________-_---_----_
Red shale__ _____________________________
White sand._______--_-__-_-____-___--_--
White sand (flowed 3^ gpm)___________--_-
Brown sand_______--_____-______-__-_---
Gray shale_____-____-_________-___----_-
Brown shale________-_______-___-__-__---
Conglomerate shale_______________________
Chert-___-_-------------_--__-----------
Red shale__-_-__-__-_________-_-_--_----
Gray shale_________-________-__-_---__--
Bentonite _______________________________
Gray shale.__________________-_-_--__-_-
Dark gray shale_ ________________-_-_---_-
Gray shale____________________-__-_-----
Dark gray sand__________________---_----
Shale, bentonite-_____________--_-_---__--
Chert.______________-____-_-----------_-
Sandy shale._____________________________
Hard sand_________________-__----_-_--_-
Green shale______________________________
Chert,___-______-__-___--__---_---------
Gray sand___________________----__--_---
Chert.__-________-_-_---_-_---------_---
Green shale__________________--_____-----
Chert.___---------------------_---------
Green shale_________________-_------__---
Red bed___-____________-_-__------------

Entrada Sandstone:
Sand (at 769 ft flowed 2 gpm) _____.__._--- 123

Kayenta Formation:
Chert.____-_____-_-----------_---------_
Dark red sand_______________-_-__-_------
Broken sandstone_______._________-------
Crevice, open (flow increased to 8^ gpm)

Wingate Sandstone:
Light pink stone (flow increased to 13 gpm)__

less 
)
12
75
4
8

11
35
29
11
17
3
5
5
2

27
6
4
2
7

17
8
4
7
3
3
5

25
4
17
1

19

Depth 
(feet)

382
457
461
469
480
515
544
555
572
575
580
585
587
614
620
624
626
633
650
658
662
669
672
675
680
705
709
726
727
746

5
18
48

3

869

874
892
940
943

53 996

Log of well W in the NE}iNW}i sec. 22, T. 1 S., R. 1 W., Ute 

[Drilled by Fred Sturm]

P.M.

Quaternary deposits:
Surface__ ________-------__--------------
Gravel _________------------_-----------

Dakota Sandstone and Burro Canyon Formation: 
Gray shale.______________-_-_-----------
CoaL ----------------------------------
Gray shale______________-----_----------
Water sandstone._________________--__---.
Gray sandstone___________-------------
Hard lime shells-____________-_---_------.
Salt(?)---------------------------------
Coarse gray sandstone and dead oil--------
Shale and bentonite----------------------
Bentonite__ _ _________--_----------------
Green shale__ ---------------------------
Bentonite__ _ _________-_--_--------------
Green shale___________-__---------------
Bentonite ___ __________------------------
Blue shale_____________---_------------- 

Thickness 
(feet)

3
21

5
5
5

21
12

5
3
5

10
8
1

26
1
4

10

(feet)
3

24

29
34
39
60
72
77
80
85
95

103
104
130
131
135
145
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Log oj well 20 in the NE}iNW}i sec. 22, T. 1
P.M.   Continued

Dakota Sandstone and Burro Canyon
Formation   Continued

Red shale_ _._ __________________ _____
Bentonite____ _____ ________ __ ___ _
White sandstone _ ______-__-------__

Morrison and Summerville Formations:
Varicolored shale. ______________ __
Red sandy shale- _ ___- __ ____ _______
Varicolored shale. __ ___ __-____- - __
Blue shale_- _ __ __________ _______
Hard lime _ ____ __ _ ____ __ _ _ __
Bentonite________ ___ _______ __ __ _
Varicolored shale. __ _____ ____ __.
Bentonite and varicolored shale____ . ____
Bentonite ______ ______ ____ _ ____
Varicolored shale _ __ -___ __ ___
Bentonite.- __ _____ _ _____________
Red shale. __ _._ __ __ _____ _______
Brown shale. _____ _ ________________
Bentonite____ _ _____ __ ___ _ ___
White sandstone__-__ ._ _ _ ___
Bentonite and shale. _ ____ ____ _ _ _
Bentonite.-------- _ _---____-_-_ __
Sandstone-. _ _____ _____ _________
Brown shale _ _ ______ ___ ____ _
White sandstone. _ _ _________ __ ____
Brown shale________ _________________
White water sandstone (about 10 gpm)_
Red sandstone and shale __ _ ________
Lime__ ___________ _ _____________ __
Red shale and sandstone.- _ - -_-____
Hard lime. ___ __ _____ _.
Gray shale _ ___ _ ___ _ ___ ___
Gray shale and limestone _ ____ _____
Gray shale _ _________ _.__ ____ _ _
Limestone and shale _____ __ ____
Hard limestone_______- _________
Gray shale________.____ __ _____ _
Limestone. _ ______________ _ ___ _ _
Limestone and shale __ ___ ____
Limestone. _ ________ _ ___
Limestone and shale, blue and gray __ _
Hard limestone___ _______ __ __ _ _
Gray shale ________ ___ _ _ _ ___ __
Hard limestone..-. _______ ______ ___
Limestone and sandstone _ _ _ _ _ _ _
Hard limestone. _._ _________ _____
Gray shale. _____ __. ____ _ ____ _.
Green shale _ ___ _ _ _ _____ __ _____
Limestone. ____ ____ _ _ _ ___ ____
Green shale __ __ __ _____ ___ _ _ _ _
Red shale___ __ ____________ __._ __

Entrada Sandstone:
Water sand, white and salmon-colored .
Brown sand rock __ _ ____

Log of well 21 in the SW}iNW}i sec. 22, T.
P.M.

[Driller not known]

Quaternary deposits:
Soil_-__-____________-____.-----_-__-
Gravel and boulders_________ _ _______

S., R. 1 W.

Thickness
(feet)

.... 5
____ 8
_-__ 12

--._ 5
_-__ 20
____ 20
____ 5
..__ 5
_-_. 15
---_ 10
.__. 40
__.- 25
____ 5
____ 15
--_- 5
____ 10
____ 70
_.__ 12
--__ 33
-___ 45
.___ 5

5
____ 15
____ 20
____ 35
.___ 20
____ 2
__._ 7
____ 3
____ 3
____ 5
____ 5
____ 5
____ 16
.___ 7
.___ 5
____ 12
__-. 5
_-__ 55
____ 3
____ 8
____ 1
____ 4

5
_.__ 9
____ 23
____ 1
____ 6
____ 15

_.._ 60
50

1 S., R. 1 W.

Thickness
(feet)

--_. 4
.__. 48

Ute

Depth
(feet)
150
158
170

175
195
215
220
225
240
250
290
315
320
335
340
350
420
432
465
510
515
520
535
555
590
610
612
619
622
625
630
635
640
656
663
668
680
685
740
743
751
752
756
761
770
793
794
800
815

875
925

, Ute

Depth
(feet)

4
52

Log of well 21 in the SW}iNW}i sec. 22, T. 1 S., R. 1 W., Ute 
P.M. Continued

Thickness Depth
Dakota Sandstone and Burro Canyon Formation: feet) (feet) 

Brown shale---_--------_--------_________ 2 54
Cemented gravel_----_--___---__________ 10 64
Bluish-gray shale-- _--_--_-_----_________ 26 90
Hard blue lime----------------------.-.-- 2 92
Bluish-gray shale-----------.----------.-- 18 110
Chocolate shale__---____--___-___-______ 5 115
Green to gray shale----_--------__________ 10 125
Very hard white sandstone.-_______________ 10 135
Dark-gray sandstone-_____________________ 2 137
Hard light-gray sandstone (150 gallons per

___-_____________________ 11 148
Morrison and Summerville Formations: 

Blue lime. . _____________________
Chocolate shale _ _ _ _-_-___-_____
Blue shale -----_-_---________-__
Bluish-gray shale ________________
Light-brown shale _______________

Red and gray shale_----__
Blue shale _______________
Brown shale ___ _________
Gray shale ___----_---_--_
Dark-chocolate shale- _ ____
Light-gray shale. _ _--_-_-_ 
Hard brown shale __ _____
Bluish-gray shale _________
Hard blue lime ---_--_--_- 
Gray shale. _ ___------_-_-
Sandy gray shale _--______
Gray bentonite- _ ---_-_-_- 
Sandy gray shale ----_____
Gray bentonite ___________
Gray sandstone --_----_--_
Gray bentonite __-__-____-
Blue lime. _ _____-_-______
Gray shale and bentonite __ 
Gray sandstone __________-
Gray shale ________-_____-
Brown shale _____________
Blue shale ______-__-_____
Red shale _ _ __-_-_-__-_-
Gray sandstone.- _ _--___-_ 
Red shale_---_-_---------
Soft gray sandstone--__-__ 
Red shale------------ ----
Gray lime, shells, and shale 
Red shale__----------___-
Gray sandstone ____--_____
Lime, shells, and sandstone - 
Gray sandstone _ _________
Red shale___ -------------
Hard blue lime _____-___--
Hard gray sandstone. -___- 
Hard blue lime_______ ____
Red shale ----------------
Gray lime_ _ ------------
Red shale--------....- ---
Blue shale --____----__---
Hard blue lime. ----------
Gray shale. - ________-____

3
21
13
35
8
2
7
8
2

13
10
11
6

23
2
16
7

20
5

28
12
28
3

10
3
8
8
8

34
8
6

15
1
9

15
5

15
2
8
2
4
4

18
2
5
5
6
2

151
172
185
220
228
230
237
245
247
260
270
281
287
310
312
328
335
355
360
388
400
428
431
441
444
452
460
468
502
510
516
531
532
541
556
561
576
578
586
588
592
596
614
616
621
626
632
634
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Log of well 21 in the SW}iNW}i sec. 22, T. 1 S.
P. M.   Continued

Morrison and Summerville Formations   Con.
Gray lime _ ____ ___ _____ __ ___
Lime and shale - _.- ____
Hard blue lime --- ________ ____ _____
Lime, shells, and shale- __ ______ ___
Hard blue lime __ ----- ___ ___ __ __ _
Lime, shells, and shale _ --_ -___ ___
Sandstone, soft and hard layers. ____ ___ _
Red shale _-__ ______ ________
Hard blue lime ___ __ ____ ___ -___
Blue and gray shale __ _ ______
Very hard shale _ _____ __ _________

Entrada Sandstone:
Reddish-brown sandstone ___ _____
Light-gray sandstone- _-__ - - _______
White sandstone.--.-. ___ _ - _--___ _ __

Log of well 22 in the SE^/iNW^/i sec. 22, T. 1 S., R. 1
[Drilled by Mesa Drilling Co.]

Quaternary deposits:
Topsoil _ ____
Gravel _ _ _

Dakota Sandstone and Burro Canyon Formation:
Blue shale ____
Green shale ___ _______ _ _ _
Shale________ _ _________
Redbed__-________._____ _

Morrison and Summerville Formations :
Blue shale .
Gray shale and bentonite
Blue shale _. _ _ _____
Bentonite and shale. __ ___ ___
White sand and shale _ ___ _____
Bentonite and shale _ _ _
Shale___ __________
Gray sandstone __ _
Bentonite _ _ _____
Gray sandstone __ _ ______ _ ____
Sandy lime. ______
Sandy shale, __ _ ____
Lime_ __
Bentonite _ _
Brown shale _ ___ _
Brown lime
Brown shale. ___ ____
Red shale__ ____ ___
White sand
Gray shale____ ___ _
Lime and shale _ _ _ _ _
Gray shale
Hard lime
Gray shale _ _
Lime__
Shale and lime
Gray shale___
Shale ___ _ __ _
Lime_
Shale.. ___ _ ______
Lime_____
Shale __ __
Lime

,R. 1 W

Thickness
(feet)

10
11
2

39
3

15
34

4
6

13
30

109
5

12

W., Ute

Thickness
(feet)

12
13

5
30
30
15

5
40
20

195
15
40
15
15

5
20
15
10
3
2

35
3
9

10
11
2

15
25

5
10

6
24
10

5
10

1
3
1

20

'., Ute

Depth
(feet)

644
655
657
696
699
714
748
752
758
771
801

910
915
927

P.M.

Depth
(feet)

12
25

30
60
90

105

110
150
170
365
380
420
435
450
455
475
490
500
503
505
540
543
552
562
573
575
590
615
620
630
636
660
670
675
685
686
689
690
710

Log of well 22 in the /SE>£NW% sec. 22, T. 1 S., R. 1 W. Ute 
P.M. Continued

Morrison and Summerville Formations Con.
Green shale.___________--_---__-_____
Red shale__________________________

Entrada Sandstone:
Water sand-____________-_-__-_-____-

Thickness Deptn
(feet) ( feet)

15 725
17 742

68 810

Logofwell23intheNW}iSW}isec. 22, T. 1 S., R. 1 W., Ute P.M. 

[Drilled by H. L. Morgan]

Quaternary deposits:
GraveL ____________-________-______-----

Dakota Sandstone and Burro Canyon Formation: 
Sand rock______________________________
Red bed______-_____-------_-------------
Blue shale_______________-_-_--_____---_-
Sand, white (water)__________--__-_-_--___
Blue shale____________-__-__________----_
Red sandstone (water, hole full)____________

Morrison and Summerville Formations:
Gray sand and shale-_____________________
Dark-green shale-____________-_--_-_-----
Red and gray shales____-__-__--_____------
Bentonite_ __ _________________-__-_-----_-
Dakota sands and shale______________----_
Red bed, sandy______________________-__--
Morrison sand (water)________________-__--
Red sandstone____________________________
Gray shale_____________________---__----_
Blue shale and bentonite_______________--_-
Hard lime___-____________-_--__---------
Gray shale.______________________________
Lime_ ______________________-_---_------_
Green shale______________________________
Red clay______________________---_-----

Entrada Sandstone:
Red sand, La Plata- ----------------------
Yellow clay__________________-_---_------

Thickness Depth
(feet) (feet)

7 7

33
50
40
10
22
8

51
3

103
13

120
45
35
20
47
73
29
5

21
10
10

108
6

40
90

130
140
162
170

221
224
327
340
460
505
540
560
607
680
709
714
735
745
755

863
869

Log of well 25 in the SW}i SW}i sec. 28, T. 1 S., R. 1 W., Ute P.M. 

[Drilled by T. N. Johnson]

Quaternary deposits: 

Surface__-___-_.

Mancos Shale:
Brown shale_ ---------------------------

Dakota Sandstone and Burro Canyon Formation: 
Conglomerate _________---------_--------
Bluish-gray shale______-_-_---_---------- 
Hard blue lime --------------------------
Bluish-gray shale_________---_-_---------
Chocolate. ______________---__--_-------- 
Greenish-gray__ --------------------------
Hard white sand__.----------------------
Dark-gray __________-------_------------ 
Hard gray sand_______-------------------

Morrison and Summerville Formations:
Blue shale ------------------------------
Chocolate shale___________________------- 
Blue shale__________________-__-_-------
Bluish-gray shale -------------------------
Light-brown shale -----------------------

Thickness Depth
(feet) (feet)

2 2

52

10
26
2
18
5

10
10
2

11

3
21
13
35
8

54

64
90
92
110
115
125
135
137
148

151
172
185
220
228
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Log of well 25 in the SW^SWy* sec. 28, T. 1 S., R. 1 W., Ute P.M. 
Continued

Thickness Depth
Morrison and Summerville Formations Cont'nued (feet) (feef )

Hard blue lime___________________________ 2 230
Red and gray shale. ______________________ 7 237
Blue shale__-______-_.___________________ 8 245
Brown shale_-----_-   _______ _ _________ 2 247
Gray shale___--__________________________ 13 260
Dark-chocolate shale______________________ 10 270
Light-gray shale__________________________ 11 281
Hard brown shale_______________________ 6 287
Bluish-gray shale_------__________________ 23 310
Hard blue lime______-____________________ 2 312
Gray shale__--___--_-____________________ 16 328
Gray sand and shale-_____________________ 7 335
Gray bentonite___________________________ 20 355
Gray sand and shale.______________________ 5 360
Gray bentonite-_--------_________________ 28 388
Gray sand_______________________________ 12 400
Gray bentonite___________________________ 28 428
Blue lime.    ---   -   -   __   ____     ____ 3 431
Gray shale and bentonite-_________________ 10 441
Gray sand_-_--_-_-______________________ 3 444
Gray shale_______________________________ 8 452
Brown shale___------   -__   __  ________ 8 460
Blue shale_------_-______________________ 8 468
Red shale__-----------_________________ 34 502
Gray sand_______________________________ g 510
Red shale________________________________ 6 516
Gray sand.______________________________ 15 531
Red shale__----------_-________________ 1 532
Gray lime shale_______  __________________ 9 541
Red shale__--------_________________-__ 15 556
Gray sand_______________________________ 5 561
Lime and sand___________________________ 15 576
Gray sand__---------____________________ 2 578
Red shale____  __________________________ 8 586
Hard blue lime___________________________ 2 588
Hard gray sand___----   ________________ 4 592
Hard blue lime___________________________ 4 596
Red shale__-----------_________________ 18 614
Gray lime_------_---__-________________ 2 616
Red shale._______________________________ 5 621
Blue shale.______________________________ 5 626
Hard blue lime___________________________ 6 632
Gray shale.._--_---   ____________________ 2 634
Gray lime__. _____________________________ 10 644
Lime and shale___________________________ 11 655
Hard blue lime_------____________________ 2 657
Lime and shale.__________________________ 39 696
Hard blue lime___________________________ 3 699
Lime and shale.._---_-_._________________ 15 714
Soft gray sand__________________________ 34 748
Red shale__------_-_-_______-__________ 4 752
Hard blue lime___________________________ 6 758
Blue and gray shale.______________________ 13 771
Blood-red shale_________________________ 30 801

Entrada Sandstone:
Red sand (flowed 16 gpm)_________________ 54 855

Log of well 26 in the NE% SW% sec. 24, T. 1 S., R. 1 W., Ute P.M.
[Drilled by Eureka Oil Co.] 

Quaternary deposits:
Sand and gravel_________________________ 16 16

Thickness Depth

Log of well 26 in the NE^

Mancos Shale:

* sec. 24, T. 1 S., R. 1 W., Ute P.M. 
Continued

Thickness Depth
(f«*) (feeO

-------------------- 61 77
Gray sand. ____________________--------- 14 91
Black shale and slate-__-_---_--_--------- 14 105
Brown shale and gypsum. ------- --------- 5 110
Brown shale_________--_----------------- 28 138
Gypsum and bentonite- __------_-----_.-- 2 140
Black gypsum and bentonite- - ____________ 15 155
Black shale, some pyrite__---------------_ 5 160
Gray limestone or shale____-__---_-------- 8 168

Dakota Sandstone:
Salt and pepper sand (gas)___------------- 10 178
Shale and gravel.    _   -   -     ------ 12 190
Hard sandstone, fine to coarse___ __________ 15 205
Coarse sand__ _ _____________--_-------   - 3 208
Soft shale and brown clay_____---_-------- 7 215
Coarse sand___-_----__------_-------_--- 3 218
Coal___                          5 223
Hard sandstone ___ .______-_--_-_------- 4 227
Coal___                          5 232
Water sand (sulfur water) ________________ 20 252
Coal----   ----   -   _-     ----------- 3 255
Water sand, hard. _______-_____---------_ 11 266
Gray sand__                          4 270
White sand and conglomerate, milky__ ___-- 16 286
Darker and coarser sand____-------------- 10 296

Burro Canyon Formation:
Greenshale-                       54 350
Hard white sandstone- _-_-_--__---_------ 4 354
Softer white sandstone.---.-------------- 11 365
Hard white sandstone, dark in middle, hard

at bottom..                      15 380

Morrison and Summerville Formations:
Blueshale                        5 385
Blue limey shale, very hard- _ ________-_-_- 7 392
Redmarl                          8 400
Hard sandstone_-_------_----_---_------- 5 405
Red and brown shale___-_---------------- 2 407
Blue and green shale_ _ __________-__--__-- 8 415
Shale with some sand_ -__--_-----------_- 3 418
Hard sand rock________-_----_---_---_--- 1 419
Blue shale with sand__ ------------------- 4 423
Green shale. _ _________-_------_--------- 15 438
White sand__                      - 4 442
White clay or bentonite------------------ 13 455
Hard green rock________-_---   ---------- 2 457
Green shale                    --- 33 490
Sand                        1 491
Gray shale turning to brown _______-_----- 1 492
Shales of different colors.             59 551
Red sand-----.--.---------------------- 7 558
Brown shale_____--       ---------------- 17 575
Hard white sandstone. _ ______---_-------- 5 580
Shales of different colors. __   -   -     - 75 655
Soft white sandstone. _ ___     ----   ------ 15 670
Red sandstone..------------------------- 3 673
Soft white sandstone, good water, flowing. __ 27 700
Hard shale-----.----------------------- 170 870
Gray shale_ __   _             ------------ 8 878
Shale, gray, blue, green, red, and some sand

streaks.--..-------------------------- 122 1,000
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Log of wsll 26 in the NE%SWy4 sec. 24, T. 1 S., R. 1 fl
Continued

Entrada Sandstone, Kayenta Formation, and
Wingate Sandstone:

Red sandstone, good water ___
Red sandstone, several oil showings
Red sandstone _ _ _
Red conglomerate, oil shows. _ _
Red conglomerate, shale streaks _ _
White sandstone
Very hard white sandstone _ _ _ _ _ _ _

Log of well 27 in the SWY* NWY* sec. 25, T. 1 S., R. 1

[Drilled byH. L. Morgan]

Quaternary deposits:
Surface soil__ __ __ _______
Soft sand and gravel ________

Dakota Sandstone and Burro Canyon Formation:
Coal and shale _
Black slate and shale___- ---_____ _
Sandy shale _ __ _ _ _
Quicksand and shale _ _ _____
Bentonite_ _- _____ _ ____
Red shale _ ______ _ __
White sand
Blue shale. ___ _ __
Brown sand and shale
White sand. _____ __ ______ __ __ _
Red sand _______ ________

Morrison and Summerville Formations:
Red clay and shale __ ______
Bentonite
Brown clay _
Bentonite _ _ _ _ _
Brown sandy clay ________
White sandstone. __
Red shale _ _
Gray and green shale _____
Bentonite __ _ _____ _____
White sands. _______ _ __ ____
Lime and sand ___ ____
Gray and green shale _ ____ __ _ ___
Red shale.. ____ __ ______

Entrada Sandstone:
Salmon-colored sandstone (water from 845 ft

on down, picked up gradually) _

Log of well 28 in the SW}iNW}i sec. 25, T. 1 S., R. 1

[Drilled by C. T. Wilson]

Quaternary deposits:
Loam, sand, and gravel. _ _ _ _ _

Mancos(?) Shale:
Blue shale. ___ _____ ___ _.__

Dakota Sandstone and Burro Canyon Formation:
Hard blue sandy shale _. _ _ __
White bentonite __ __ _________
Mixed shale _______ ____
White water sand (considerable water) _ _ _ _

r., Ute P.M. 

Thickness Depth
(feet) (feet)

5 1, 005
315 1, 320
125 1, 445
105 1, 550
20 1, 570
24 1, 594
66 1, 660

W., Ute P.M.

Thickness Depth
(feet) (feet)

7 7
28 35

15 50
20 70
10 80
45 125
35 160
15 175
15 190

5 195
25 220

5 225
36 261

25 286
79 365
15 380

145 525
100 625
35 660
25 685

7 692
33 725

5 730
95 825

5 830
15 845

68 913

W., Ute P.M.

Thickness Depth
(feet) (feet)

35 35

35 70

20 90
70 160
40 200

100 300

Log of well 28 in the SW^NW^i sec. 25, T. 1 S., R. 1 W., Ute P.M. 

Morrison and Summerville Formations:
Pink shale ___ _ _ _
Hard blue lime ___ _ _ _
White shale __-____-__ _ _ _ _
Hard silica quartz _ _ ____ __
White bentonite ___ __ _____
Hard sandy lime _ _ _ __ ___
Gray limestone, fossils. _ ___ _
Soft lime _ ______________
Hard red rock _ ___ __ __ ___
Extra hard gray sand_ __ _ __ _
Red sand _ _ _ ___ ______
Hard gray lime ___________
Snow-white chalk _____ __ ___ _ _ _
Red sandy shale _____ ______
Blue sandy lime ___ _-___
Blue lime, fossils _ _ _ _ _ __
Hard gray sand _____ _ ___
Water sand (water increased) _ _
Green shale _ __ _ _ __
Red rock

Entrada Sandstone:
White water sand __ _____ ___
Water sand_ _ _
Brown water sand. ____ _

Thickness
(feet)

60
_ _ 35

_____ 85
_ _ 10
_ _ 50

_____ 25
_____ 10
_____ 25
_____ 14
_____ 52
___-_ 4
_____ 36
_____ 44
_____ 15
_____ 45
.__--_ 14
_____ 22

9
7

_____ 18

.-___- 5
_____ 35
_____ 20

Depth
(feet)

360
395
480
490
540
565
575
600
614
666
670
706
750
765
810
824
846
855
862
880

885
920
940

Log of well 29 in the NW}iNE}i sec. 26, T. 1 S., R. 1 W., Ute P.M. 
[Drilled by John W. Moore]

Thickness Depth
Quaternary deposits: (/ee*) </«*> 

Gravel---------------------------------- 15 15
Dakota Sandstone and Burro Canyon, Morrison, 

and Summerville Formations:
Gray sandy shale_------------------------ 110 125
White sand (water at 135ft).____________ 30 155
Red and green shale________-_____--__--- 145 300
Gray sandy shale______-__-__-______-__--- 50 350
Bentonite___  _-____     _-     ---- 130 480
Red shale------------------------------- 75 555
White sand (small flow of water at 575 ft) _ _ - 30 585 
Redshale__--_---_-_--------------------- 40 625
Gray shale__----------------------------- 75 700
Gray shale and lime shells ----------------- 40 740
Gray shale__---------_------------------- 30 770
Red shale------------------------------ 30 800
Hardshell------------------------------- 3 803

Entrada Sandstone:
White sand---.----.----.---------------- 67 870

Log of well 30 in the NE}iNW}i sec. 26, T. 1 S., R. 1 W., Ute P.M. 
[Drilled by Billy DoyleJ

Thickness Depth

Quaternary deposits: ^^ êet^ 
Rock and gravel----------------------- 16 16

Dakota Sandstone and Burro Canyon Forma 
tion:

Brown shale_________________--___--- 2 18
Coal-_.-----____--------------------_ 2 20
Pipe clay_______________--------_---_- 1 21
Gray shale__---------_---------------- 52.5 73.5
White sandstone (some water)_________ 8 81.5

721-906 O-65 13
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Log of well 30 in the NW}iNE^i sec. 26, T. 1 S., R. 1 W., Ute 
P. M. Continued

Thickness Depth
Dakota Sandstone and Burro Canyon etc. Con. (feet) (fee()

Gray shale____________________________ 18. 5 100
Blue shale_--______----------___-_____ 37 137
Red shale.________-_-__________ 16 153
Sandstone_-__-___----------_-_-____._ 10 163
White sandstone (some gas)___________ 11 174

Morrison and Summerville Formations:
Blue shale__---_-----_-_-_--________ 16 190
Red and blue shale__________________ 14 204
Blue lime, very hard-__________________ 4 208
Redshale___________________________ 2 210
Blue shale--__------------_---_-_.____ 2 212
Redshale___________________________ 4 216
Hard white limestone._________________ 1 217
Redshale___________________________ 2 219
Blueshale_--__-__--__------__---_____ 15 234
Redshale______-_-_------___________ 9 243
Blue shale_--_---__-------__-____-____ 15 258
Redshale___________________________ 5 263
Blueshale__-__-___----__-____._______ 12 275
Blue and green shale ___________________ 3 278
Redshale__________-----_-__________ 4 282
Blueshale-___-_-_------_-_----___.___ 18 300
Redshale___________________________ 10 310
Red and blue shale__-_________ ______ 19 329
Bluelime___________________________ 10 339
Blueshale----_-----------_---______._ 4 343
Red and blue shale___-___-__-__-____ 17 360
Red and white sandstone. ______________ 10 370
Blue shale and lime____________________ 17 387
Light-blue shale_______________________ 43 430
Blue shale__-__-___---__--_-._________ 2 432
Brown and gray shale__-_--_--____-____ 23 455
Lime and bentonite____________________ 44 499
Red rock___-______-_-__--____________ 12 511
Sandy gray shale_. ____________________ 21 532
Hard red rock_________________________ 17 549
Gray shale and white sandstone _________ 23 572
Redshale___________________________ 28 600
Gray shale____________________________ 20 620
White sandstone.______________________ 14 634
Blueshale.___________________________ 66 700
Red shale..._____.__-----_--____-_-.__ 7 707
Sandy green shale______________________ 10 717
Gray shale_____.___-___-__-_-___-__.__ 16 733
Thin streaks of sandstone_____________ 14 747
Gray shale______._____________________ 15 762
Blueshale_.________________________ 28 790
Blue lime_--__________________________ 6 796
Blue shale_.___.______________________ 4 800
Redshale___________________________ 30 830

Entrada Sandstone, Kayenta Formation, and 
Wingate Sandstone:

White sandstone_____________________ 30 860
Yellowish sandstone__---.____________ 190 1,050

Log of well 31 in theNW}i NW}i sec. 26, T. 1 S., R. 1 W., Ute P. M. 
[Driller not known]

Thickness Depth
Quaternary deposits: (feef) (feet)

Surface_______________________________ 20 20
Rock and gravel_________________________ 50 70

Log of well 31 in the NW}iNW}i sec. 26, T. 1 S., R. 1 W., Ute 
P. M. Continued

Dakota Sandstone and Burro Canyon Formation: 
Red shale_____________________________
Hard white sandstone (with poor water)

Morrison and Summerville Formations:
Red shale.________________-_______-_----
Blue shale.____-_______-__----____---__-
Blue shale, lighter color_---__--_--_-__---_ 
Soft white sandstone (with salt water)______
Blue shale ______________________________
Red shale_______-__-__----____-----___
Blue shale._____________________________
Blood-red rock__________________________
Very hard white sandstone._______-__--__-
Red rock_______________________________
Hard red and white sandstone___________
Whitish shale__________--_-_____---__--_
White sand, good water__ ________________
Hard white shale._______-_-__-___--___--
Hard shale, white and red streak. _. _______
Hard blood-red shale.____________________

Entrada Sandstone, Kayenta Formation, and 
Wingate Sandstone:

Soft white sandstone (water began to flow at 
740 ft)______-_______------------_----

Red sandstone________________-____----
White sandstone._________-_--_---_--__--
Red sandstone__________-__-_-__---_--
White sandstone.__________-_--_-_-----__

Chime Formation:
White material, like lime_ ________________
Blood-red material________________--_----
Granite [conglomerate?]__________________

Thickness Depth 
(feet) (feet)

45
10

10
85
50
10

120
15
30
20
35
20
85
15
5

25
75
10

115
125

135
220
270
280
400
415
445
465
500
520
605
620
625
650
725
735

80 815
55 870
60 930

260 1, 190
3 1, 193

4 1, 197
13 1,210
3 1,213

Log of well 33 in the SW^NW^i sec. 29, T. 1 S., R. 1 W., Ute P. M.

[Drilled by C.T.Wilson]

Quaternary deposits:
Sandy loam and gravel-________-__-_--__--
Wet plastic clay._____________-_-__---_--.
Blue-red clay_____________________--_-_---
Gravel. _____________________---_--------

Morrison and Summerville Formations:
Bentonite_ _________________---_----_--_--
Water sand and pea gravel (water increased). 
Hard sandy lime._________________--_--_-.
Light shale and bentonite_.________________
Sandy shale._________________-__-_-------
Porous lime rock, gas in water._____________
Gray water sand (water increased)----------
White and blue shale__-_-_____________--
Hard sandy lime______________--_-_-----
Red and white shale______________________
Hard blue lime_____________------_--_----
White water sand (water increased)_________
Bentonite shale.__________-_--_-_-_---_---
Green shale_________________-------__----
Red sandy shale.___________--___--_------
Red sandy wet_____________--_------_---

Entrada Sandstone:
Water sand, water raised----__------------
Water sand, flowing__________-_-_---_-----
Water sand, no increase.__________________

Thickness Depth
(feet) (feet)

20 20
10
5

33

30
35
68

4
30
16
13
29
30
41
19
53
27
108
13
19
5
2

13

72
102
118
131
160
190
231
250
303
330
438
451
470
475
477
490

45
15
25

535
550
575
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Log of well 35 in the SE^i SE}i sec. SO, T. 1 S., R. 1 W., Ute P. M.

[Drilled by H. L. Morgan]

Quaternary deposits:
Granite boulders._____________________

Morrison and Summerville Formations:
Gray shale.__________________________
Hard lime.________-_--__------______
Variegated shale______________________
Gray sandstone.______________________
Variegated shale______________________
Hard chert or granite(?)_______________
Hard lime__ __--_-__-_-_-____--______.
Green shale_ __________________________
Dark-brown shale____________________
Gray and green shale___-__-___________.
Red shale_____________________________

Entrada Sandstone:
White sandstone.______________________
Orange sandstone. __-____-_--___-_____.

Log of well 37 in the NE% NWy4 sec. 15, T. 11 S., R. 101 W. 

[Drilled by D.S.Isaacs]

Quaternary deposits:
Red sandy soil-_________________________
Sand and gravel_________________________

Dakota Sandstone and Burro Canyon, Morrison, 
and Summerville Formations:

Black shale_____________________________
Gray sandstone._________________________
Gray sandstone, water increased...________
Coal. __________________________________
Gray sandstone._________________________
Gray shale______________________________
Gray sandstone._________________________
Gray shale with hard stringers_____________
Green shale_____________________________
Gray sandy shale._______________________
Soft white sandstone.____________________
Gray shale with hard white pebbles._______
Red shale_______________________________
Hard white rock_________________________
White sandstone, water-bearing_____ _______
Gray shale with hard stringers_____________
Pink shale______________________________
White sandstone.._______________________
Pink shale______________________________
Soft white sandstone.____________________
White sandstone_________________________
Hard rock._____________________________

Entrada Sandstone, Kayenta Formation, and 
Wingate Sandstone:

White sandstone.________________________
White sandstone with thin layers of shale___ 
Light-pink and red sandstone.____________

Log of well 43 in the NE% SE}i sec. 22, T. 11 S., R. 101 W. 

[Drilled by Forrest B. Dykes and J. D. Pinkerton]

Quaternary deposits:
Sandy red topsoiL________________________ 7. 5
Gray clay and cobbles___________________ 7. 5

W., Ute P. M.

Thickness Depth
\JCCt>J \JCCIJ

44 44

oo
bU

^U oU

oo
30 115

IZO

LZo

5 130
20 150
10 luo
Zo loo

51 Z6y
iy ^oo

, R. 101 W.

Thickness Depth 
(feet) (feet)

37 37
38 75

43 118
L£ 1OU

i 1O i

3 140
17 157
10 Io7
Zo i\)Z

4\j\j
O£i £tj£

20 252
oU ^o^

58 340
O OT:O

^ OT: 1

^U O f O

52 425
35 460

7 467
OU Oil

Oo O i O

5 580
77 657

98 755 
182 937 

93 1, 030

R. 101 W.
i] 
Thickness Depth 

(feet) (feet)
7.5 7. 5
7. 5 15

Log of well 43 in the NE}iSE}i sec. 22, T. 11 S., 
Continued

r

Morrison Formation: 
Rock _ __ _ _ _

Gray rock _ _ _ _ _
Rock ___ ___ _____

Hard rock

Red rock _ __ _ ____
Shale_______ __-_-_-_-_----______--_---_--

Brown sand and small gravel, soft (began to

Log of well 44 in the NW%SE% sec. 22, T. 11 S. 

[Drilled by D.S.Isaacs] 

Quaternary deposits: 
Topsoil, granite boulders _ _

Morrison and Summerville Formations:

Red shale with sandstone stringers. _ _ _

Gray shale with hard stringers __ __ __ _ _

Gray shale with hard stringers _ _ _ _ _
TTtiTHI limp

"Pint ftVisilp

TTaTfl iT^-"*!-"

Entrada Sandstone : 
White water-bearing sandstone, water raised.

Log of well 45 in the NW^SE1/^ sec. 23, T. 11 £ 

[Drilled by Mesa Drilling Co]

Quaternary deposits: 
TopsoiL __________---_-----_-------------

Morrison and Summerville Formations:

Red rock _ ______ _________---

R. 101 W. 

"hickness Depth 
(feet) (feet) 

2 17
11 28

4 32
8 40

24 64
12 76
17 93
27 120
15 135
54 189
38 227
14 241
45 286

6 292
49 341
15 356

6 362
19 381

2 383

10 393

, R. 101 W.

Thickness Depth 
(feet) (feet) 

12 12

8 20
30 50

5 55
35 90

6 96
14 110
10 120
10 130
10 140
15 155
34 189

3 192
8 200

14 214
31 245

4 249
3 252
8 260
4 264

11 275
12 287

43 330 
20 350

?., R. 101 VT.

Thickness Depth 
(feet) (feet) 

20 20

100 120
3 123

17 143
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Log of well 46 in the NW}i SE}i sec. 23, T. 11 S., R. 101 W.  
Continued

Morrison and Summerville Formations Con.

White shale._____________________________
Red rock_ _______________________________
White shale._____________________________
Hard sand_______________________________
Red rock-_______________________________
White shale._____________________________
Red rock-_______________________________
Sandy shale._____________________________
Red rock-_______________________________
Hard gray sand___________________________
White water sand, filled to within 75 ft of top. 
Red sandstone__________________________
White shale______________________________
Sandy shale ______________________________
Red rock________________________________

Entrada Sandstone, Kayenta Formation, and Win- 
gate Sandstone:

Sand, well began to flow___________________
Red sand, water-bearing.__________________

Thickness
(feet)

10
55
80

105
35
25
30
25
25
28

7
30 
25 
15 
15

20
252

Depth 
(feet) 
150 
205 
285 
390 
425 
450 
480 
505 
530 
558 
565 
595 
620 
635 
650

670
922
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