
COLORADO GEOLOGICALISUR\TEY
BOULDER

R. D. GEORGE, State Geologist

BULLETIN 28

OIL AND WATER POSSIBILITIES

OF PARTS OF

DELTA· AND MESA COUNTIES

COLORADO

BY

HERBERT J. WEEKS

BOULDER. COLORADO
CAMERA PRINT

1925

IIIIIIIIIIIIII~ II~IIIIIII! ~IIIIIIIIIII~~ IIIIIIIIIIIII~ III
U18402 4267975



GEOLOGICAL BOARD

His Excellency, William E. Sweet, Governor of Colorado.
George Norlin President University of Colorado
Victor C. Alderson President State School of M'ines
Charles A. Lory - Presideut State Agricultural College

LETTER OF TRANSMITTAL

State Geological Survey,
University of Colorado, Nov. 29, 1924

Governor William E. Sweet, Chairman, and Mem1bers of the Aavisory
Board of the State Geological Survey.
Gentlemen: I have the honor to transmit herewith Bulletin 28 of

the Colorado Geological Survey.
Very respectfully,

R. D. GEORGE,
State Geologist.



QE91
.A4
no.
28

CONTENTS

Page
Introduction' .__ 7
Field ~thods Used - 7
Geography 8

Soil and Timber ----- - ~

Topography 9

Drainage ~---------------------------------- 10
Climate 10

Effect of Man on Rate of Denudation ------------------------------ 11
General Geology --------------------- 11

Triassic Systern 11
Definition and Boundaries 11
General Character 12
Age 0_---- -- 1.2

Jurassic System - __ 1.~

Gunnison Formation -------------------__ 12
La Plata Formation -_ 13
McElmo Formation 14
Lower ~cEllrno wlember 14
Upper ~EIDlo 15
Age of Gunnison . 16

Cretaceous System 17
Dakota Formation- 17

Age ._ __ _ __ __ 19
~ancos Shale Forrnation ~--------- 20

)lge ~-- 23
Mesaverde Formation .... 25
Rollins Sandstone 26
Paonia Forrnation- 26

Age 27

Tertiary Systern 29
Wasatch Forrnation 29
Quarternary Formations------- 31
Development of the Grand M,esa Lakes --- 33
Igneous Rocks 33

Structural ~ology 34
Faulting 35

Oause of Faulting 36

Black Canyon ,A.nticline__--------------------------------- 36
Range Line Anticline- 37
Tongue Creek Syncline 37
])€lta Flexure 37
Age of Folding 37

Oil and Gas Possibilities 38
Possible Reservoirs 38
Possible Sources of Oil and, Ga.s 38
Structures 39
Previous Exploration for Oil and Gas 39

COLORADO STATE UNIV.lIBRARIES



CONTENTS---Continued

Page
Conclusions 41

Water for Drilling 41
Fresh Water Possibilities_ ____ _ ____ __________ __ _ _____ 41
Economic Resources 43

Coal ~ 43
!toad ~aterial 44
Building Stone 44
Shales - 44

Bibliography 44



ILLUSTRATIONS

Page
Plate I. Geologic map of portions of Delta and l\lesa counties,

Colorado In pocket

II. Black Canyon and Range line anticlines In pocket

Figure 1. Showing the lower bla.ck shale of the Mancos 21

2. Showing the dissected bad land topography 21

3. Showing the white massive Rollins sandstone above the Man
cos shale and below the coal-bearing horizon of the Paonia
formation 2S

4. Typical exposure of the upper part of the Mesaverd€ formation
showing the sandstone benches of this part of the formation 28

5. Portion of a. lake in the slides of the edge of Grand l\lesa---_ 30

6. Basaltic slide rock '\\ith the flat top of Grand l\lesa in back-
ground 30

7. Stratigraphic column showing character and approximate thick-
ness of forlllations 32



WATER AND OIL POSSIBILITIES OF P ARTS
OF DELTA AND MESA COUNTIES,

COLORADO

INTRODUCTION
The area covered by this report embraces all the territory north of the

Gunnison River to an east-west line from the northeast corner of T. 13 S.,
R. 94 W. of the 6th Principal !t1eridian and all the territory east of the
Gunnison River to a north-south line from the same corner.

At various times, efforts have been made by oil companies to obtain oil
in the Gunnison River valley and surrounding territory. V'"ery few com
panies employed: men having a knowledge of Geology, but went ahead
blindly without any. success. Some companies got no farther than making
a survey of the land.

The present survey was undertaken for the purpose of determining the
oil, gas, and water possibilities of the area.

The field work was begun in July, and completed in November, 1922.
The field party consisted of H. J. Weeks, in charge, R. H. Durward and
C. L. Mohr.

FIELD METHODS USED
A plane table and telescopic alidade 'were used throughout the work.

This ,vas supplemented by triangulation, use of Brunton compass, and
pacing to a snlall extent. For mapping straight east-west or north-south
roads, the speedometer of the car "-as used. but for n10st of the crooked
roads traverses were made if they could not be accurately mapped by some
other means. Practically all of the streams were traversed unless they
could be mapped by sketching from a traverse line near by.

C. L. Mohr did the plane table work until he left the party in September.
after which time it ,vas continued by H. J. \"V"eeks. The mapping in the
field was done on a scale of two inches to the mile.

As a north-south base, a line of U. S. Geological Survey land corners
along the east side of T. 14 S., R. 96 \\T. ,vas used. This gave a magnetic
declination of 14 degrees, 30 minutes east, and ,vas the aUlount of declina
tion used throughout the area, although the chart of the isogonic lines of
the United States ,viII show· that there is SOllle disturbance in the regularIty
of these lines in this area~ probably caused by the nlagnetic basalt of the
top of Grand Mesa. 'Vhatever the cause, its tendency has been to spread
out the isogonic lines rather than to concentrate thenl, making the normal
declination for one point apply to a larger area. so that an error due to
the retaining of a single normal is less than if there w'ere no irregularity
in the lines.

All traverses \vere tied in to one another to check both altitude and
location.

It ,vas practically hnpossible to locate any great nUluber of section
corners. On the side of the lllesa, "'here it ,vas necessary to pick a traversp
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through the forest, it ,vould have been a waste of time to try to locate all
section corners. Many of thenl are marked merely by rock piles, indis
tinguishable from other rock piles, S0111e of which were placed by oil sur
veys. In some townships, corner 1110nUmel1ts are entirely lacking. When
ever they were discovered, they ,,,ere used for checking locations. In gen
eral, corner lllonuments \vere more numerous in the southern part of the
area than in the northern. Most of the roads are crooked, and could not
be used to check locations.

The finished maps were dra\vn by C. L. Mohr. The data on the thickness
of formations and locations of horizons above or below a contact were com
puted by R. H. Durward fronl the field notes.

GEOGRAPHY
The area covered by this report is immediately north of the city of

Delta and the Gunnison River. It is part of a great synclinal basin that
dips to\vard Grand Mesa and includ'es parts of Delta and Mesa counties.

Many of the roads between towns are surfaced with gravel and are
kept in first class condition. Others are dirt roads which, with a large
amount of travel, become very dusty. In rainy weather they become very
slippery. Quite extensive use is being made of the gravel along the Gunni
son River bottom and upon the lower mesa top for road surfacing. The side
roads are not surfaced and are more or less neglected.

Delta, the largest town in the area and county seat of Delta County, is
situated at the junction of the Gunnison and the Uncompahgre rivers, and
has a population of about 2,500 people. It is the trading center for the
farmers both north and south of the river. The industries of the town are
largely those related to and dependent on the agricultural industry of the
valley. The factory of the Holly Sugar Company handles the beets from
the Gunnison, the Grand, and the Uncompahgre valleys. Another industry,
based upon the agricultural resources of the valley. is the raising of
fruits, vegetables and grains. Hundreds of carloads of fruit are shipped
frolll this town each year. A fruit canning factory preserves a large part
of the crop. Cattle and sheep are raised in large nUlubers, and are shipped
to markets east of the range. A brick and tile factory, located at Delta
and using Mancos shale, furnishes practically all the brick and tile used
in and near Delta.

Cedaredge, a town of 350 people, located on Surface Creek in T. 13 S.,
Range 94 W., serves as a packing center for the farnlers nort.h of there.

Ekert is a small crossroads of less than 200 population, located about
three Iniles southeast of Cedaredge on the Delta-Cedaredge road.

Austin, ,vith less than 200 population, is the only other to\vn in the
area. It is a busy little shipping center for the frain produce packed at
Cedaredge.

A few small coal lllines, producing a subbituillinous coal frolll the
M'esaverde, and depending upon \Vagoll haulage, supply the lilnited needs
of the valley. The Denver and Rio Grande Railroad serves the towns
along the Gunnison River.
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SOIL AND TIMBER
All the soil within the area results from the breaking down of the under

lying fornlations and takes its character from them, except in places along
the Gunnison River where it is alluvium. A sandy soil overlies a sandstone:
a clay soil overlies a shale. Nearly all of the farms are located on the
l\Iancos shale area because the soil retains moisture 'well, is very fertile and
is readily accessible. There are, ho,,"ever, a fe,,~ farms above the l\Iancos
shale where sho"~ers are nlore frequent, but the slopes above the shale are
usually too steep for farming. Irrigation is necessary to succes-sful agri
culture.

The timber consists almost entirely of ~mall growths of cedar and
scrub oak, except in the higher altitudes 'where quaking aspen and large
pines gro,v. The Battlenlent National Forest includes much of the timber of
the area. The cedars are largely confined to the lo\ver levels near the top
of the l\fancos shale, but some grow as 10"" as the "Dakota" sandstone.
The lo,ver portion of the l\Iancos shale is practically treeless except along
streams ""here scattered trees are found. A.bove the cedars and in the
flat valleys bet"'een the cedar-covered hiEs, scrub oak grows.

TOPOGRAPHY
The topography is influenced by the underlying rocks. The resistant,

ledge-nlaking rocks produce benches, above and bel0w ,,"hich are gently
sloping flats. The sandstones in the Gunnison and "Dakota" formatio'ns
form the cliffs of the Gunnison River canyon. The shales of the same forma
tion forIn rounded smooth slopes between the cliff-making sandstones.

The l\Jlancos shale, being an easily eroded formation, is cut into deep
gullies between smooth, bare, rounded hills. In other parts where dis
section is less, are found the renlnants of a previously graded surface slop
ing gently toward the Gunnison. These remnants nO\\T fornl mesas that
slope at one to t\VO degrees. Above the ~Iancos shale is a series of cliffs
and flats in the l\lesaverde formations, the result of differential weathering
of the sandstones and shales of which the Paonia member of the ~Iesaverde

is cOluposed. The Rollins sandstone beneath the Paonia shale is a cliff
lllaker and an easily recognizable horizon.

The top of Grand 1\lesa, "rhich forms the highest part of the area, i~ a
flat table-land, from \'lhich it gets its Spanish name. and is the result of
the resistance of \veathering of a great series of balsaltic flo\ys. Extend
ing fronl the base of the cliff bounding the nlesa is slide rock of balsaltic
boulders circling the edge for a distance varying bet,,~een a quarter of a
mile and a nlile.

The vertical distance bet\'leell the top of Grand ~Iesa and the bottom
of the Gunnison River canyon is about 5,400 feet, which makes an average
relief of about 450 feet per nlile. Nearly half of this difference in relief
COUles above the top of the l\'lancos shale in a horizontal distance of little
over two nliles. Here the relief is about 1,300 feet per nlile "rhich explains
\'lhy most of the farnling is beneath the level of the Rollins sandstone.
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DRAINAGE

The strealUS that drain the area are 1110Stly interluittent, cOIning fronl
the top of Grand lVlesa and about its edge as cool, sparkling, refreshing
waters from springs and lakes. Before they reach the Mancos shale they
are either totally dry or so salty as to be undrinkable. The 'water that
sinks into the ground in the higher levels conles out as small salty seeps
that dryas fast as they reach the surface, leaving it coated \"ith a \vlute
salt. A few streams, however, like Kahnah Creek and Tongue Creek, fed
by several 8n1a11er ones, and Dry Creek are about the only ones that flow
continuously to the Gunnison, the only large river in the area. Deer Creek,
Indian Creek, "VeIls Gulch, and Alkali Creek are some of the larger inter
nlittent streams.

Owing to the steep slopes and scarcity of vegetation, the runoff is
8normous conlpared to the anlount of water which gets into the ground.
After each heavy rain, the streams and gullies, normally dry, are filled 'with
thick, muddy, light chocolate colored \vater carrying tons of mud, nlainly
from the Mancos shale, to the Gunnison River.

On top of Grand Mesa are found nUlnerous snla11 lakes and reservoirs
which feed the streanlS and irrigation ditches of the area. Their basins
are the results of slides in the formation just beneath the basalt capping of
the mesa and are rather sha11o,v. It is from these lakes that the cities
and towns obtain their \vater supply \vhich is transported the entire distance
by piping.

Reservoirs have been built by water conlpanies and by individuals to
store water from the rains and melting snows of the mesa. SOlne of the
reservoirs are lllade by building dallls across the strealns at favorable
places. Others are formed by damming the outlets of lakes. Do\vn in the
lo\ver levels, at favorable places, reservoirs are built of sufficient size to
supply irrigation 'water for one or several ranches. These fill with silt very
rapidly because of the abundance of lllud carried by the streanlS after lu)avy
rains.

Aside fronl lakes and reservoirs, \vater for irrigation is obtained by
conducting it fronl streanlS to ranches through ditches several luiles long.
Some of the ditches conduct the water to reservoirs during the \vetter
seasons where it is stored for sunlDler llse. The \vater fronl others is used
as it flows along.

CLIMATE

The climate of the valley is semi-arid, as the vegetation in the 10\ver
levels indicates. Sage brush and cactus are about the only plant gro\vths
in the unirrigated parts, except up in the hills vlhere there is suffiCIent
precipitation for the growth of cedars and scrub oak.

During the wintetr, snow caps Grand Mesa and the hills to a depth
of several feet, but in the valley, snow hardly ever relllains l110re than
a few days.

The telnperature in SUlUlller may reach 100 0
I and in winter occasionally

falls to 20 0 below zero.
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EFFECT OF MAN ON RATE OF DENUDATION

11

The effect of man on denudation is to increase the rate of erosion
largely through lengthening the time of action of the 'water and through
the tilling of the soil. Before man came to this valley. ,vaters from rains
and snows ran off to streams in very short time. Their action on the
surface was largely limited to the time it took them to collect in gullies
and creeks. Since most of the stream beds are bottomed by basaltic
boulders, the material gathered along their courses ,vas but little in com
parison to that gathered on the surface.

Today, the ,vater does the same amount of erosion as it did before man
came, plus that due. to the effect of cultivation and irrigation. The ,,~ater,

after it has done the work of erosion preceding its collection in streams.
is caught in reservoirs and run through small ditches over the tilled. eaSIly
denuded fields carrying with it large quantities of soil that is not returned
to the field. The material carried by the streams and deposited in reser
voirs is cleaned out and is soon carried on do,,·n to the river. Reservoirs
do not check denudation; they may delay the progress of the eroded material
on its ,vay to the river. The ,vater run through the small irrigation ditches
is usually heavily charged with soil from the fields and has a muddy gray
color. The nlain ditches and laterals are constantly being deepened and
,videned by use, and the eroded material keeps the streams of the irrigated
area turbid the entire summer.

GENERAL GEOLOGY
The area covered by this survey includes sedimentary formations rang

ing in age frolll Triassic to Eocene. I;nconformities prove the occurrence
of erosion intervals during ,,,hich some forluations may have been completely
renl0ved, and others greatly reduced in thickness. Some of the deposits
are of the continental type, sonle are marine. and SOllle sho,,- the existence
of conditions fa vora bIe to the nlaking of coal.

TRIASSIC SYSTEM

DEFINITION ...~ND BOl~l\DA.RIES

The "Red Beds" of beautiful red color occur along the Gunnison Riyer
at places Where it has cut down through the overlying formations. The
lo\ver boundary of the series is not expos€d. and the upper linlit is set at:
the base of the Gunnison fornlation, the lo,yer part of """hich is of a lighter
red color than the sediments beneath.

It is believed probable that an unconforulity exists at the top of the
"Red Beds," but the uniformity of color. cOluposition and texture of the
strata. and their apparent parallelisnl in that part of the section ,,-here the
dividing line must be. obscures the contact and makes it very difficult to
closely delinlit the group. In a fe'y places there appears to be SOllle evidence
of an unconfornlity. but \\'hat is taken for an angular uneonforulity nlay
be cross-bedding.

This definition is in accord \yith that of 'V. T. Lee:: for this area, and
\vith that of R. C. Coffin! in the area to the south\vest. It is the upper p,art
of the Dolores forlnation as Coffin has described it.
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GENERAL CHARACTER

The part of the Dolores formation exposed belo\v the Gunnison forIna·
tion is reularkable for its uuifol'Inity in color, texture and structure through·
out the entire part exposed. FroIn top to bottom, the beautiful maroon
color does not vary. Bedding, except cross-bedding, is alnlost entirely
lacking. The entire fornlation exposed is cross-bedded ,vith long s\veeping
fore-sets as the general rule. Soule of the fore-set beds lueasure 20 feet in
length and nlost of thenl dip at a rather gentle angle, but SOlne of them
approach the angle of repose. They dip in every direction, and no evidence
could be gained as to the direction fronl which the sediments came.

The sandstone \veathers into smooth, rounded outcrops sloping at a
rather steep angle except where the cutting of the river has luade alnlost
vertical ,valls. It is fine to medium grained, nlost of the grains being
recognizable \vith the unaided eye, and is cemented by iron oxide which
gives it its beautiful color. It is composed largely of sub-angular ·white
quartz sand. There is no evidence from springs that the Dolores is a
,va tel' bearing horizon.

It outcrops \vest of Delta along the Gunnison River alnlost continuously
from the mouth of 'Viells Gulch to a point a mile and three-quarters south of
Kahnah Creek. No nleasureulents of the exposed portion of the "Red
Beds" \vere made, but an estimate of this thickness places it between 150
and 200 feet.

AGE
No fossils ,vere collected from the "Red Beds," so no evidence was

found by this Survey as to their age. W. T. Lee in Bulletin 510 of the
l.T. S. Geological Survey, places these beds in the Pennsylvanian with a
question mark. R. C. Coffin, in Bulletin 16 of this Survey, designates them
as Triassic sediments on the basis of their lithologic character and their
stratigraphic position. The latter correlation has been followed in this
report merely beca use of Coffin's more intimate study of the formation
\vhere it is exposed to the southwest.

JURASSIC SYSTEM
GIJNNISON GlWUP

The formation oi the Jurassic system as defined in this report coulprise
the rocks between the red colored Dolores at the base and t.he "Dakota"
conglonlerate at the top and nlake up the Gunnison formation which is
conlposed of the La Plata. and McElnlo Dlembers. This definition is in ac
cord with that of W. T. Lee in Bulletin 510. Coffin, in the area to the south
west, places the top of the McElmo, the upper member of the Gunnison
forlnation, at the base of a thick conglomeratic sandstone. This exclusion
of the sandstone would reduce the thickness of the Gunnison formation, as
first described, by about 125 feet. As there is no fossil evidence for
separating the two parts, and as variegated shales occur both below and
above, the massive sandstone, t.here does not seem to be adequate reason
for separating thenl into two formations.

The great variety of color in the Gunnison fornlation is in strong con·
trast with the uniform color of the "Red Beds" below it. This formation,
although composed of two menlber 5, was mapped as a unit.
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LA PLATA FOR~1ATION

The rocks included in the La Plata IDenlber of the Gunnison formation
are those between the Dolores belovt and the top of a fine to coarse sand
stone above. The variegated shales and sandstones of the ~lcElmo lie
conformably on the sandstone. The color of the lower strata is pink
and blends very beautifully with that of the sediments beneath. As thus
defined, this member is about 270 feet thick.

The fine to coarse sandstone of the top of this formation is very
regular in thickness and forms cliffs from the bottom of ,,·hich slope the
weathered surfaces of the variegated shales, sandstones, and limestones of
the lower part. It is above this sandstone that Coffin l finds an unconformity
in the area to the southwest. There is no evidence of such an unconform
ity at this horizan in the area here considered. He also finds one beneath
it which accounts for the removal of a large amount of the lower part 01
the La Plata formation in that area. The only evidence of such an uncon·
formity in this area is the coarse sandstone itself. There appears to be
no thinning of the lower part of this member that would indicate one. There
are small beds of sandstone in the lower part that form benches, but
they are not identified from place to place as readily as the thick. massi've
sandstone of the top. The shales and sandy shales form smoothly weathered,
very steep surfaces that are very difficult to climb because of the lack of
irregularities in structure or texture. They are evenly bedded and many
colored and form less than half of the rocks of the La Plata beneath the
upper sandstone.

The sandstones are usually '\vhite or grayish white. cross-bedded~ fine
grained, and composed of white quartz sand cemented by lime carbonate
and silica. Some beds have a thickness of six feet. The sand grains are
generally quite well rounded and are fairly well cemented. In a few places
ripple marks are found.

The sandstone of the top of the fornlation is cross-bedded. massi'e.
fine to coarse grained. and grayish white. A measured section at"'"ells
Gulch gives a thickness of 35 feet. It is moderately well cemented and
is composed largely of fine to coarse quartz sand. Sandstone makes up
over half of the La Plata formation beneath the top sandstone member.

A few limestone beds occur in this nlember of the Gunnison formation,
their total thickness being about 15 feet. They are eyep. bedded. dense
and grayish white.

At three places north fronl "''''ells Gulch. a section of the La Plata was
measured up to the nlassive sandstone ,,"hich is quite unifornlly 35 to 40
feet thick. The base was exposed at none of these places. The section.
including the lllassive sandstones. as measured one lnile north from
Domingo:

Top Feet
1. l\'1assive sandstone, cross-bedded 35
2. Shales and liluestones interbedded 19
3. Limestone. evenly bedded___ __ __ _ __ .~

4. Shales and' liInestones interbedded with a greater aUloullt of lime-
stone in the upper portion 12

5. Sandstone. fine grained, 'white ----_____________ __ 3
6. Shale, HOlY. sandy. ,vith Sll1Ull beds of sandstone 21
7. Linlestone. evenly bedded -------------------------_______________ S



14 OIL AND 'VATER POSSIBILITIES OF

8. Shale, variegated, evenly bedded 6
9. Sandstone and sandy shale 4

10. Shale with interbedded sandstone 27
11. Sandstone, white, cross-bedded 5
12. Talus _ _ 26

Section as measured a mile and three-quarters north from Domingo to
the top of the massive sandstone is:
Top Feet
1. Sandstone, massive cross-bedded (top of La Plata) 40
2. Sandstones and shales, variegated 15
3. Limestones, evenly bedded 4

4. Sandstone, massive, fine grained, light colored 11
5. Limestone, dense gray in color 7

A little farther do,vn the river the section to the top of the La Plata is:
Top Feet

1. Massive sandstone 45
2. Sandstone and shale, variegated 12
3. Shale, variegated 3
4. Sandstone, cross-bedded, fine grained 3
5. Shale, variegated 11
6. Talus _ ------ 100

l\1cELMO ji'ORMATION

The McElmo member of the Gunnison group includes those beds of
variegated shales and sandstones that lie between the upper part of the
La Plata and the "Dakota" conglomerate. As thus defined it includes the
part designated Post-McElmo by Coffin in the area to the southwest, and
is as it was first defined by H. S. Gane in the McElmo canyon. Rather
than separate the McElmo, as first defined, into t\VO fornlations without
fossil evidence for such division, it is divided into the lower and upper
members. That there is some basis for such a division of the fornlation is
recognized, but there does not seem to be sufficient evidence to lnake a
separate fornlation of the upper part which is very nluch like the lo\ver.
The dividing line between the two menlbers is an unconfornlity at the
base of a thick, massive, conglomeratic sandstone, which, in places, is conl
posed of much coarser pebbles than the conglomerate at the base of the
"Dakota" formation and is of nluch greater thickness. That there is valid
basis for such division is borne out by the fact that the unconforlnity is
not merely a local one but is found in the Crested Butte area described
by Eldridge in U. S. Geological Atlas, Folio 9, as ,vell as in the area \vorked
ou t by Coffin.

LOWER l\1cELMO MEMBER

The lower McElmo nlember, as thus defined, consists entirely of varie
gated shales and sandstones having a thickness of 300 feet. They \veather
into rounded, smooth sloping outcrops very beautiful because of the nunlerous
shades of colors in a single exposure. Sandstones are nlore nlunerous in
the middle and lower portions and form bencbes in the smoothly weathered
shale. The total thickness of sandstone in a typical section is not over
80 feet. They have a color varying from \vhite to gray and very light
shades of red or pink. They are even bedded, composed of fine to mediulll
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grained quartz sand cemented largely by silica and lime carbonate. Cross
bedding is present, but not as abundant as it is in the sandstones of the
La Plata. Some of the beds are quite friable owing to the solution of part
of the cement, and are water-bearing.

Shale makes up the largest part of the formation. :\f,uch of it is very
sandy, but some is almost pure kaolin as analyses have shown. Most of
the shale when weathered and wet becomes very plastic and is very readily
molded. The color is decidedly varied, and that, together Vt7 ith the shades
of color in the sandstone, gives to the region its scenic character.

A typical section of the LO'wer l\lcElmo taken 1:t:i miles north of
Domingo is:

Top Feet
1. Shale, sandy, light to red color______________________________________ 5
2. &andstone-, white to pink 10

3. Shale, variegated ~----------------------------------------150
4. Sandstone, cross-bedded, fine grained, light colored 17
5. Shale, variegated 'with small sandstone beds 2~5

6. La Plata member of Gunnison group.

UPPER l\lcELl\10 l\fEl\IBER

The rocks included in the upper l\lcElmo memher of the Gunnison
group are sediments whose description fits that of the Post-:\kElmo de
scribed by Coffin in his report on the Radium, l.1ranium and '~anadium de
posits of Southwestern Colorado, but for reasons stated above, this series
of sandstones, shales and limestones is retained in this report in the )lcElmo
formation where it was first placed by Gane. The base of this member is
nlarked by an unconformity below a thick conglomeratic sandstone bed.
The "Dakota" limits the formation at the top. A.s thus defined. the upper
1\lcEhl1o menlber is conlposed of a basal conglomerate grading up into a
conglomeratic sandstone and shale. The 10'wer contact of the ulassive con
glomeratic sandstone is a nlore or less undulatory one resulting frolll
erosion. In places the conglonlerate contains pebbles from the underlying
Dlember, but most of them are of foreign material and range in size from
a quarter of an inch to t,vo inches in diameter. In parts of the conglom
erate, there has been practically no sorting. A.t various horizons throughout
the conglomeratic sandstone bed, conglonlerate lenses are found, each of
\vhich represents an erosion interval. The sandstone is different from that
of either the lower IVlcElnlo or the "Dakota," but resenlbles the fornler in
eolor. Concretion-like fornls conlposed of dense. light colored sandstone
occur in the upper 1\JlcElmo nlenlber. This portion of the sandstone is \yell
cenlented and resembles quartzite, and fornls the cliff above the variegated
shales. The cliff is almost vertical. and in luany places cannot be scaled.
As the more easily weathered shales beneath are removed, great blocks
break frOlll the rinl of the Gunnison Canyon and roll down the slope, keeping
the cliff almost vertic.at Thin green and red shale beds occur between the
sandstones in sonle places, but w·here the entire cliff is sandstone they haye
been removed by erosion.

The shale ,vhicb ovelies the sandstone conglolnerate is nlucR like the
other shales of the Gunnison formation. Its thickness varies greatly be
cause of erosion before the deposition of the "Dakota," but at no place
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is it very thick. The dominant color is green, but there are variations to
gray. In texture, appearance and structure, it is like the shales beneath.
About nine miles west of Delta is found a chalky ,vhite shale above the thick
sandstone. In some places it is yellowish and in others has a light bluish
cast. It is very dense and breaks into conchoidal fragments on weathering
Here the shale has a thickness of 10 feet, but it thins in both directions
from this point. Above it the "Dakota" conglomerate is whitened by the
white shaley material it contains.

A section of the upper McElmo member about nine miles west of
Delta is:

Top Feet
1. VVhite shale 10
2. Sandstone conglomerate -' 100

In other places, the section has red or green shale replacing the white
shale, but is is usually less than 20 feet in thickness. The total thickness
of this member is bet,veen 100 and 150 feet.

AGE OF GUNNISON GROUP

No fossil evidence was obtained by this survey from which to deter
mine the age of the La Plata nlember, and correlation is based on litholog-ic
and stratigraphic evidence. Its position above the "Red Beds" and its
variegated color are the diagnostic characteristics which according to
Lee:! and Coffin1 put this mem.ber of the Gunnison group in the Jurassic.

As no fossils were found in the upper and 10'wer members of the
McElmo formation, they must be correlated upon stratigraphic and lithologic
evidence. The variegated shales and sandstones are so characteristic that
it is safe to correlate these strata with similar shales and sandstones of
other areas where fossils are found.

VV,' T. Lee:! giv'es the age of the entire Gunnison group as Jurassic.
The correlation is based on its similarity to Jurassic beds elsewhere.
According to the same author, E. S. Riggs found "a species of Viviparus
and reptilian relnains near Grand Junction that prove the beds containing
them to be equivalent in age to the Morrison of the Eastern Rocky l\loun
tains," thus placing the McElmo in the Jurassic.

Eldridge, in thll 'United States Geological Survey, Folio 9, places the
entire Gunnison group in the Jurassic because of its stratigraphic and
lithologic correspondence to fossil-bearing beds of tha t age on the eastern
flanks of the Rocky l\lountain~.

R. C. Coffin! pl9.ces the McElnlo forInation in the Jurassic or Cretaceous,
and what he calls Post-McIDlnLo (equi valent to the upper l\'LcElnlo of this
report), in the Cretaceous. There is no paleontological ground for plac
ing the upper part of it ill the Cretaceous, and since the forInation is like
the other beds of kno\vn Jurassic age it seenlS proper that they should
be correlated with these until evidence disproving such correlation is ob
tained.

The Gunnison formation is exposed continuously in 700 foot cliffs
along .the Gunnison River fronl a point about 6lh nliles west of Delta to
the point where the Gunnison. River leaves the area nlapped'. In places,
the riveT has not cut down through the La Plata but in nearly all this
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distance the upper part of the formation is exposed. Gullies and small
creeks cutting the l\lcElmo extend the exposures of this formation farther
back from the river than those of the La Plata. Both the La Plata and
the McElmo are exposed along the Gunnison River east of Austin to the
edge of the area mapped. They do not extend far back from the river
as the exposures form almost vertical cliffs. In much of this distanceJ

the lower part of the La Plata is not visible.

CRETACEOUS SYSTEM
The Cretaceous system in this area includes four formations having

a combined thickness of 7,000 to 8,000 feet, mainly of sandstones and shales.
The "Dakota" at the base of the group is composed of coal-bearing and
marine sediments, the lower p-art of which may be of Comanche age. ~-\.bo\e

the "Dakota" is the Mancos, composed of 4,000 to 6,000 feet of marine
shales. The Rollins sandstone succeeds the .:\Lancos, and is separated
from the Paonia by an uneonformity reprEsenting the Bowie which \\~as

removed by erosion before the Paonia \vas deposited.

"DAKOT ...t\." FOR:\L<\.TION

The "Dakota" fornlation as defined in this report includes those beds
bet,veen the top of the tTpper l\'l~Elmo member of the Gunnison formation
and the typieal Mancos shale above. The lo"rer boundary is very definitely
marked by the conglomerate at the base of the "Dakota" formation. The
upper limit is the top of the first sandstone beds below the :\Iancos shale.
The thickness of the HDakota" ranges between SO to 150 feet depending
upon the thickness of the basal conglolllera te and sandstones.

There is no difficulty in mapping the upper limit of this formation
as thus defined because the topographic change to the :\Iancos shale is
very abrupt. '\Vherever the "Dakota" is found on the north side of the
river, the sandstone determines the character of the topography. ""'eather
ing has stripped the l\fancos shale from the resista.nt flinty sandstones
v~'hich dip away fronl the Gunnison River. ~~s a consequence. the slo\\·er
cutting streams that flowed toward the Gunnison before the :\Ianeos sh3.le
was renl.oved now flow away frolll the river do"~ the dip slopes of the
"Dakota" to the larger stream.s that haye been unable to cut their chan
nels through the sandstones. Along the Gunnison Rivel\ at the heads
of these small streams and gullies, h3nging- valleys afford convincing evi
dence that their waters once flo\ved to the river.

T~le basal conglonlerate of the "Dakota" ranges in thickness from 5
or 6 feet to 40 feet, but is usually less than 20 feet. It is conlposed. in the
nlain, of quartz, chert, and sandstone or shale pebbles, the latter being
derived from the \veathering of the shale and sandstone of the fornlation
beneath. The pebbles range in size from an eighth of an inch to an inch
and a half in dianleter. The cenlenting nlaterial is largely composed of
the ground up lll'aterial fronl the fornla tions underlying it. The con
glomerate is usually dark yellow· or bro\\-nish-yello,,'" except ~J"bere the
underlying rock is a ,,~hite sh:lle. ...~t these places. the conglonlerate takes
011 a lighter hue o\ving to the abundance of ,vhite shale lllixed ,Yith it.

'-
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The conglomerate is followed above by about 100 feet of sandstones
and shales. In places the lower sandstone is interbedded with thin
shales. The lower part of the sandstone contains beds two to four feet
thick, but grades upward into less massive beds, most of which are less
than a foot in thickness. In places, sh.ales are interbedded ,vith the
sandstone.

The middle part of the "Dakota" formation varies greatly in thick·
11ess and is sonletimes nlerely a succession of shales and sandstones in
about equal am,ounts. The shales are 1110re carbonaceous than those in
the base of the Mancos, and locally grade into coal. One seam of sub
bituminous coal, according to Bulletin 510 of the U. S. Geological Survey,
ranks in heating value with that in the base of the Paonia shale of the
Mesaverde formation. The seam is rarely over four feet thick and thins
out into shaly coal and carbonaceous shale. All the shale of the "Dakota"
is dark and quite sandy.

The sandstone above the coal is like that below it in color, texture,
and structure. The thickness of the sandstone ranges between 20 and
30 feet and it is made up of beds from a few inches to several feet thick.
The upper part forms a transition to the base of the Mancos shale. This
transitional zone is about 50 feet thick and is a series of alternating thinly
bedded sandstones and shales which grade into shales above, and into
sandstones below.

l\tIost of the "Dakota" sandstone is fairly well cemented, fine grained,
cross-bedded, and ripple marked. It is conlposed of clean, subangular, to
'veIl rounded grains of white· quartz sand cemented by silica and, to a
lesser extent, iron oxide, especially near the surface. .A.t SODle horizons in
the upper part, the oxide of manganese coats the surface of the sand
stone giving it a black color. Fresh surfaces are bro\vnish-yello\v. The
case-hardened surface is so well celnentecl that ,vater scarcely penetnates
the rock.

The "Dakota" formation outcrops about the base of the lVlancos shale
and forms quite even flat surfaces. It is cut by canyons only ,vhere
'weathering has exposed the rocks beneath it. Along the Gunnison canyon,
the sandstone and conglolllerate forin cliffs which slope upward to a
second cliff formed by the upper sandstone. The intervening slope be
t,veen the cliffs is occupied by the coal and carbonaceous shale of the
middle part of the formation.

The "Dakota" formation is found fronl a point a,bout six miles west of
Delta to the west edge of the area \vorked, and fronl the bridge east of
Austin to the 'east edge of the area. The north boundary in the west
part of the area is very nearly the line of the Grand Junction-Delta road.
In the east part of the area, it does not extend very far north fronl the
river.

A section of the "Dal<:ota" west of Delta about one-half nlile from
\"'here it first appears is:
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Feet
Sandstone, cr!oss-bedded, ripple marked ..... 16
Carbonaceous shale 15
Sandstone, thinly bedded, flinty 15
Sandstone, nlore massive, cross-~dded, b€ds about three
feet thick 7

Carbonaceous shale 6 inches
Sandstone 4
Conglomerate 5-6

Top
1.
2
3.
4.

5.
6.
7.

A section one-half mile farther 'west is:

Top Feet
1. Sandstone, cross-edded, ripple marked 30
2. Carbon'aceous shale 9
3. Sandstone, cross-bedded 14
4. Carbonaceous shale 1

5. Sandstone ~-----------------------------------------26. Conglomerate - 3

A section on the north side of "reUs Gulch ,vest of where the road
crosses is:

Top Feet
1. Sandstone, cross~bedded, ripple marked 20

2. Carbonaceous shale ----------------~-------_-------------5
3. Sandstone, thinly bedded 3
4. Carbonaceous shale -' .... 3
5. Sandstone, thinly bedded ·-------- ....---------------- 2
6. Carbonaceous shale .... 5
7. S3ndstone ----------------------------- 3
&. Conglomerate .-10-12

.AGE

The age of the' "Dakot~" fermation can not be definitely determined.
Lee:! says it is of Benton ag-e dO\\ll to a horizon below the coal and
classifies all above the conglomerate as of that age. and places it in the
IVLancos sltale. He says, "Ho\vever, in these sandstones abo\e the coal.
the \vriter found Inoceramus labiatus Schlotheim. a well-known Benton
fossil, and Beale states that a scaphite ,,~as found belo"\\- the coal near the
11louth of the Gunnison River. In the light of this fossil evidence. the
line Inarking the base of the l"laucos shale can not be dra,,~ at the top
of the sandstone \\rhere previously it has been dra\yn, and there is no
natural line of divison \vithin the transitional zone of sandstone and
carbonaceous shale." Re places the top of the "Dakota" "at the top of
the conglomeratic sandstone." Since the "Dakota" formation is distinct
from the Mancos shale, and there is a decided chang-e of conditions from
the sandstone to the shale, and since it controls the topograph)'" 'where it
h· found, it seems advisable to retain the old definition including in it
all the sandston-es below the 1\'lanc08 shale and aboye the first uncon
formity below that shale.

The fossils found in the HDakota.~· foru13tion ,,~ere identified by Prof.
Junius H·enderson and are:

Location: 1 nlJi. S., 5 mL 'tV. of Delta bridge in NE. cor. sec. 19, T.
15 S., R. 96 ¥./., near the top of "Dakota" sandstone;-rude casts of plant
stems or 'vornl trails.
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Location: ]h mi. S., 61j2 lni. 'V. of Delta bridge in SE. cor. sec. 14,
T. 15 S., R. 97 W., near top of "Dakota; "-2 Cephalopoda, undeterminable.
Associated with Inoceramus resembling 1. fragilis Hall and Meek. It proves
the marine origin of the bed in which it was found. It is a very strongly
ribbed form, about nine inches in diam,eter.

Location: 1,4 mi. S., 7 mi. 'V" of Delta bridge in center of sec. 14, T.
15 S., R. 97 "Wi., near top of "Dakota;" Cephalopoda, t\VO undeterminable
fragments.

Location: 1,4 roi. S., 71,4 nlL 'VI" of Delta bridge near W. ]4 of sec.
14, T. 15 S., R. 97 'V., near top of "Dakota" sandstone;-InoceramAls re
senlbling 1. fragilis Hall and Meek.

Location: 1,4 fili. S., 71h mi. 'V. of Delta bridge, 'V. 14 of sec. 14,
T. 15 S., R. 97 "r., about 55 feet below top of the "Dakota; "-undeterminable
plant fragments.

Location: 4 filL N., 121j2 mL ,V. of Delta bridge, center of sec 18, T.
4 S., R. 3 W., north side of 'VeIls Gulch, quartzite at base of "Dakota;"
-undeterminable plant fragments.

Location: 4 n1i. E. of bridge east of Austin, on east line of sec. 2,
T. 15 S., R. 94 W., top of "Dakota; "-Inoccra'Jnus sp. undeterminable.

From these fossils, it is plainly seen that the age of the upper part
of the "Dakota" forluation of this area is undoubtedly Cretaceous. Its
age can not be more definitely fixed from the nlaterial available, but
it. can be said that it is of Benton or later 'age for lo\ver Coloradoan
fossils have been found in the upper part. That leaves the age of most
of the sandstone and conglom'erate still in doubt.

MANCOS SHALE FORMATION

The Mancos formation is a great body of more or less carbonaceous
shales bounded at the base through .a transition zone by the uppet"
"Dakota" sandstone and at the top of the thick massive sandstone of the
base of the Mesaverde formation. As thus defined, the Mancos shale
has a thickness between 3600 and 3900 feet on the ,vest side of the area
and bet,ve,en 5700 l3.nd 6000 on the ,east side of the area. These figureb
"'ere obtained by adding to the difference in altitude bet\veen top and
base the correction for dip. This sho\vs the Mancos formation to be
some\vhat \vedge-shaped in this area. Lee2 places the thickness east of
Grand Junction at about 3000 feet. This is farther west than where this
Survey's most westerly 'estimate was made. Coffin!, in an area still further
west and south, although stating that the exact thickn'ess v,Tas not measured,
estimates that the Mancos shale probably exceeds 1500 feet in thickness.
These figures sIlo,,, that the Mancos formation thins notably to the west
or possibly southwest.

The form,ation is mainly shale, but a few nlinor sandy layers occur
near the base and' true sandstones in the upper part. A fe\v linlestone
beds (some of lenticular shape) occur about 2000 feet fronl the top, and
there are also lilne,stone or limy shale beds about 400 feet fronl the base.

The base of the shale is more carbonaceous than the central and top
portions, but there is no abrupt break between theln. The shale is very
thinly bedded'. There are a fe\v beds and SOine strata \vhich if once
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recognized can be identified in separated area of the Mancos shale. The
interval between them does not vary greatly over the area. About 480
feet above the base of the shale occurs a series of fossiliferous beds which
are identified by th€' sandy, flinty character of the fragments. The
fossils are usually brol{en and streanl-worn. This makes another quite
easily identified and good plane of reference. The shale above and belo\v
is fissile and cleaves into thin sheets.

Another very readily identified horizon occurs abput 250 feet above
the base of the M.anc:os shale. It is described by Lee2 as H a zone of
concretions and lenticular bodies, some of them ten feet or lllore in
diameter, com,posed of brittle, yellow, earthy limestone." The c'Oncretions
outcrop about the base of a. cliff in the lower part of the shale in a zone
about 20 to 30 feet in thickness. Above some of them are thin beds of
\vell cemented sandy shale. The entire zone weathers by breaking across
the bedding into a more or less honey-comb mass of slender fragments
a.bout four inches long. This is especially true of the shale immediately
beneath the limy concretionary forms nlaking it appear somewhat as though
it had been baked. Nearly all of the concretions are fossil-bearing and
are divided into irregular blocks by fractures filled \vith sphalerite and
calcite. The sphalerite was deposited first and occurs in honey-coInb
nlRsses along the edge of the fracture. Calcite usually fills the openings
not filled by sphalerite. Wlaters carrying these minerals in solution cir
culated through the shales, and when they reached the limestone the
calcite and sphalerite were precipitated by it. Not only is the sulphide
found in fractures in the limestone; sphalerite also occurs in a calcite vein
that cuts the shale. The amount of sphalerite is small.

Another, less \vell defined, part of the Mancos shale is a group of cal
careous strata 400 to 500 feet thick in which lenticular beds of limestone
occur. These bed's eontain Inoceramus fossils and are about 1800 feet
above the Mancos shale on the west side of the mapped area, and about
3500 fe€t on the east. The distance from these beds to the top of the
shale is a few hundred feet greater at the east end of the area than it is
at the west, showing that the vledging is not all in the rower part. The
limestones are all very dense, dark gra,y, and weather to a brownish yello\v
surface and break with conchoidal fractures.

About 200 to 300 feet below the top of the Mancos shale is a very
persistent bed of massive sandstone containing many fossils. It is about
15 feet thick and forms a bench below the sandstone beds of the upper pa,rt
of the shale.

The upper part of the Mancos shale (Fig. 3, p. 28) passes through
a transition zone represented by the sandstone beds to the llmssive Rollins
sandstone.

The Mancos shale is of a slate to drab color throughout, hut is a little
darker in the lower pa,rt than the upper. It weathers to a buff color and
varies but little from place to place. Where cut by gullies, it \veathers into
the characteristic ba.d land topography in which the relief nlay be as
much a.s 200 feet. Where not cut by gullies, it forms gently sloping sur
faces that reach to the foothills of Grand Mesa. The shale weathers very
readily, and after rains, tons of the nlaterial are \vashed down t.he Gunni-
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son River and carried away. (The water which, at other times, has a
yellowish color, assumes a chocolate muddy color for a few hours after
heavy rains.)

The many fractures in the shale are filled with clear selenite sheets
usually less than half an inch thick. The cause of the fracturing is not
knowD, but it occurs in fresh cuts along streams and appears to reaen
8 considera-ble depth. There is no order or system to the fracturing, sucn
as \vould be found in a more competent formatioD.

AGE

The Mancos shale is fossil-bearing throughout, but in some strata
fossils are more abundant than in others, and in some they are better
preserved than in others.

Fossils coll~ted from the formation show its baE-e to be of Benton,
the middle portion of Niobrara, and the top of Pierre age, but there are
liO natural divisions between these parts.

The fossils collected from this formation "~ere identified by Prof.
Junius Henderson, and are:

BEXTOX:

LoCATIO~: 3 mi. N., 4~2 nlL ,V. of Delta bridge. X'V. of eenter of sec.
32, T. 14 S., R. 96 'V., about 1546 feet above base of 2\Ianeos shale;
Inoceranlus Iragilis H,all and 1\-'[~ek" Probably upper Benton.

LoCATIO~: 5 TIli. 'V. of Delta bridge. on cliff NE. of center of sec IS
side of Delta-Grand Junction road about 480 feet above base of 2\Iancos
shale ;-ScaphitcslCarreni. iVIeek and Hayden, PrionoclIclllS 1el/Om ingcnsis.
l\leek, Inoceram us Iragilis. Hall and 2\feek.

LoCATION: 3% mi. N., 10 nli. 'V'\o of Delta bridge, ~\V. of center of sec.
22, T. 4 S., R. 3 E., north of Delta-Grand Junction road, about 220 feet
a bove base of Mancos shale. This is lo,ver than usual for the species;
Ostrea lugub.,"'is, Conrad.

LOCATION: 21h mi. N., 8 mi. W. of Delta bridge, in ~.,.'V. of sec 25. T. ~

S., R. 3 E., north of Delta-Grand Junction road, about 580 feet above base
of Mancos shale;-lnoccramus sp. cf. 1. Iragilis. Hall and :Jleek.

LoCATION: 2lh mi. N., 7lh mi. 'V. of Delta bridge, south line of sec.
25, T. 4 S., R. 3 E., north of Delta-Grand Junotion road, about 560 feet
above base of the :M~ancos shale ;-Inoce'ra.ln us iragilis, Hall Rnd ~leek.

LOCATION: 1 n~i. N., 6~ mi. W. of Delta bridge in center of sec. 12,
T. 15 S., R. 97 W., north of the Delta-Grand Junction road. about 565 feet
avove base of the l\..fancos shale;-Ostrea lugubri-s, Conrad.

LoCATIOX: 9 mi. N., 15lh mi. W. of Delta bridge on the south line of
sec. 15, T. 3 S., R. 2 E., in concretionary horizon, 244 feet a,boYe base of
Mancos shale;-Exogyl"a, pondcr'osa Roemer, immature; Ostrca cl. soleniseus
Meek, fragments.

LoCATION: 8~ nli N., 14%, nlL "r. of Delta bridge on south line of sec.
23, T. 3 S., R. 2 E., about 244 feet above base of the l\lancos shale;
Osh'ea cf. solen iscu S l\leek, fragulen ts.

LaOATION: 6"72 nIL N., 13 mi. ,,\ of Delta bridge, east of center ot
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sec. 36, T. 3 S., R. 2 E., about 244 feet above base of Mancos shale;
Ostrea cf. soleniscus Meek, fragments.

LOCATION: 514 mi. N., 12 mi. W. of Delta bridge, NE. of center of sec.
8, T;. 4 S., R. 3 E., about 200 'feet .aboV'e base of Mancos shale from
,veathered surface ;-Gryphea newberryi Stanton, aboundant. Usually in
lower part of the Benton.

LOCATION: 10 mL N., 16112 mi. W. of Delta bridge in SEa cor. sec. 9,
T. 3 S., R. 2 E., just below concretionary horizon about 240 feet above
base of the Mancos shale;-Mollusk (perhaps Teredo) tubes in decayed
fossil wood (?).

LOCATION: 3~4 mi. N., 71/2 TIlL E. of Delta bridge, east of center of
sec.. 30, T. 14 S., R. 94 'V., fronl about 526 feet above base of Mancos
shale ;-Ostrea lug'u.br·is Cpnrad; 1no~ra1nus di1n'i.cl·ius 'Vp,ite.

NIOBRARA FOSSILS

LOCATION: 2 mi. north of Delta bridge, NE. of sec. 1, T. 15 S., R. 96
)V., from about 1400 feet above base of Mancos shale; -Ostrea Spa and
Inoceramus sp., undeterminable fragments.

LOCATION: 3 roi. N. of Delta bridge, east of center of sec. 36, T. 14 S.,
R. 96 W., from about 1770 feet above base of Mlancos shale ;~Ichthyodectes
Spa (fish scales); fish jaw unlike any American species is belief.
Ostrea congesta Conrad; marine plant (?) fragments, undeterminable.

LOCATION: 4 mi. N. of Delta bridge, from limestone in the east side
of sec. 25, T. 14 S., R. 96 W., upper Benton or lower Niobrara;
Inoceramus Spa cf. vanuxe'mi, one poorly preserved specimen.

LoCATION: 5 mi. N. of Delta bridge, from the NE. part or sec. 24, T.
14 S., R. 96 W., about 2560 feet above the base of the Mancos shale.
upper Benton or lower Niobrara; -Cephalopoda, undetermin.able, resemble
small flattened examples of Heliococeras corrugatu'n1l Stanton, a species of
lower Niobrara of Huerfano Park. Similar renlains have been found in the
middle or lower Benton 'west of Berthoud, so this material, which can not
be specifically or even generically d-etermined, is valueless for exact deternl,i
nation of geological horizon. From its location vertic.ally in the l\1ancos
shale, it is probably quite high up in the Niobrara.

LOCATION: 5%, mi. N. of Delta bridge, near south line of sec. 13. T. 14
S., R. 96 W., about 2765 feet above base of Mancos shale. Probably upper
Niobrara or lo,v'er Pierre; -1noee1'(UnU8, one undeterlninable specimen.

LOCATION': 2 mi. N., Ih lui VV. of Delta bridge, ,vest of center of sec. 1,
T. 15 S., R. 96 W., frolu about 1400 feet above base of l\'fancos; -Ostrea con

gesta Conrad.
LOCATI()N: 2 nIL N., 112 mi. W. of Delta bridge, near east line' of sec. 2,

T. 15 S., R. 96 'V., frOIU about 1400 feet above base of Mancos; -Ostrca sp.,
possibly poorly preserved O. ('onflcsta Conrad.

PIERHE FOSSILS

LOCATOK: 6th mi. N., 21J.1, nli. W. of Delta bridge, south of center of
sec. 10, T. 14 S., R. 96 W., fronl about 3056 feet above the base of the
l\lancos shale;- Bacu.l-ites sp. cf. B. a,nee])s obtusus Meek. The Baculites can
not be distinguished fronl material found at the base of the Pierre shales
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near Boulder, which has been referred to Baculites anceps Lam. or its sub
species obtusu.fJ Meek. The only reason for sonsidering -it obtu.fJUS is the fact
that obtusu.fJ is a western form. The material shows no sutures. Stanton
long ago doubtfully reported B. ancep.fJ from the Niobrara of Kansas. Inocera
mus, too poorly preserved to determine satisfactorily, but apparently not
referable to any of the Benton or Niobrara forms.

LOCATION: 8% mi. N., 10th mi. W. of Delta bridge, SW. part of sec.
32, T. 13 S., R. 97 W., from about 1891 feet above base of Mancos shale.
The difference between the vertical location of this one and the one just
above is due to the wedge shape of the l\1ancos; -Inoceramus cf. barab-ini
Morton; Inoceramus cf. 'ranuxemi l\feek and Hayden; Baculites cf. anceps,
possibly obtu.sus l\1"eek.

LoCATION: 12 lUi. N., 4 roi. E. of Delta bridge, north of the center of sec.
15, T. 13 S., R. 95 W., from about 200 feet below the top of the ::\lancos
shale; -Inocera'mus barabi-ni l\lorton; InoceTalnus sagensLs Owen; Pteria
nebra·scana E. and S.; Crenella eJegantula ~leek and Hayden; Pinna lake.~i

White; Modiola sp.; DentaIiul1L Spa cr. D. gracile. This fauna is strongly sug
gestive of the Hygiene meIlllber of the Pierre of northeastern Colorado. It
is a middle Pierre fauna.

LOCATIO:X: 8 mi. N., 11% mi. E. of Delta bridge. near the 'west line of
sec. 1, T. 14 S., R 94 W., from about 3600 feet above the base of the )1ancos

. shale, middle Pierre horizon; -Baculites oratus Say.; Inoceram us barabin i

M-orton.
tlenton fossils are present through a thickness of 1400 to 1500 feet of

shale. This formation thins westward. There is nothing in the shale that
lnarks the boundary between it and the Niobrara.

.The top of the Niobrara is a lfttle more definitely placed~ but it can
not be fixed within 200 or 250 feet because of lack of a definite horizon
marker. However, it can be said that most of the limestone lenses at about
3600 feet on the east end of the area and about 1800 feet on the west end,
are in the Niobrara. The boundary between this formation and the Pierre
is a little distance bel0"'" the top of these limestone lenses, for fossils of
Pierre age are found in the upper lenses and fossils of Niobrara age are
found in the lower ones. The vertical range over ,,-hich these limestones
are found is bet\veen 400 and 500 feet. This giyes a thickness for the Pierre
or a little over 2000 feet.

THE lVIESA.V'ERDE FOR:\LATION

The lVlesaverde fornlation as defined in this report is that series of
sediments bet\veen the top of the l\lancos shale and the Tertiary rocks that
und'erlie the basalt that caps the Inesa. This report siInply defines it as
it was defined by Lee2 who had an excellent opportunity to study it in
detajl \vhen studying the coal bearing forulations at its base.

A portion of the MesaV'erde of this section of Colorado ,yas eroded be
fore the deposition of the Paonia sha·le.. The missing formation is called
th-e Bo\vie shale, and comes ill stratigraphic sequence above the Rollins
sandstone, the fOfluation above the lVlancos shale.

The thickness of the Paonia forluatioll.3S nearly as could be deterluined.
is 1600 feet. It is very bard to get an accurate Uleasurement because of the
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lack of exposures, especially of the top. In the area \vorked, no exposure
of the top of the formation \vas found.

THE ROLLINS SANDISTONE

The Rollins sandstone is a very definite formation bounded at the base
by the l\1ancos shale and at the top by the coal bearing base of the Paonia
foru1i8.,tion. No coal is found in the Rollins which consists entirely of mas
sive \vhite sandstone 100 feet thick. The base is placed at the base of the
first ll1assive bed at the top of the Mancos shale. The Rollins sandstone,
(Fig. 3, p. 28) is an easily recognized formation because it forms cliffs
about the base of the Paonia. shale, and because of its uniformly white
color. The sandstone is mediunl to coarse grained, fairly well cenlented,
cross-bedded, and conlposed of subangular to angular grains of \vhite quartz
sand and minor alnounts of undecomposed' feldspars. It contains a large
uU,Dl,ber of fossil Halymenites. The HalYlllenites major fossils are of various
shapes and sizes; some are branching, some are straight, and some are
bent. One \vas found over a foot long \vith both ends broken off. This
formation represents the transition zone bet\veen the marine l\1ancos con
clitions and the coal-iorining conditions of the Bowie shale, the nlissing
fornlation.

Fossils collected from the sandstone \vere identified by Prof. Junius
H.enderson, and are:

LOCATION: 151J2 mi. N., 91/2 lUi. 'V. of Delta bridge, taken fronl N. of
Grand JUDction city water intake on Kahnah Creek, near the center of sec.
27, T. 12 S., R. 97 W. ;-Halynltcnites ·m.ajor L€squeraux. According to Lee,
the Rollins sandstone is characterized -by this marine alga. Ho\vever, the
genus is found in sandstone from the "Dakota" to the Laranlie, and only
one species can be distinguished. The Rollins fossils are just like those
from the Fox Hills and the Laramie of eastern Colorado. The associated
fossils in various formations indicate that Halylnenites lived in both
marine and brackish water. These fossils are very abundant in the Rollins
sandstone, but they can also be found in the lower part of the Paonia
formation. Fragments of large Inoccran1us shells were found in the Rollins
sandstone, but none were collected because the nlaterial \vas too poorly
preserved.

THE PAONIA FORMATION

The Paoni formation consists of sandstones, shales, and coals, the sandI.
stones nlaking up the greater part of the formation. For this reaS011 it is
designated as the Paonia formation instead of Paonia shale.

The lower boundary of this formation in this area is an unconformity
above the massive Rollins sandstone. It is usually easily identified because
the sandstone below is a cliff·n1aker, and because the coal just above the
sandstone is burned at the outerop giving to the clinker and rocks a deep
red color. In places the ash has been fused quite cOllllpletely giving it the
appeara.nce of an igneous rock. Where the Rollins sandstone is covered by
sol1, fragments of the burned coal bearing formation beneath show where
the base of the Paonia shale lies. Fronl the basal coal bearing horizon,
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the sediments grade upward to a dominance of sandstones through poorer
grades of coal and carbonaceous shales interbedded with sandstones. The
shales a bove the coal become more arenaceous bigher in the series and of
less importance. The sand'stones are massive, coarse grained, arkosic, cross
tedded, and of a yellowish color. The arenaceous shales are in ,places
aln108t as variegated as those of the Gunnison formation, but the most
abundant color is gray or grayish green.

The top two-thirds of the Paonia formation is interbedded shales and
sandstones. Some of the sandstone beds are 50 feet thick, but most of them
range between 20 and 30 feet. Small conglomerates exist at various hori
zons in the sandstones, produced by the partial solidification of the sand
stone followed by its being broken up, for the pebbles of the conglomerates
are flat lens-shaped sandstone pebblEs of the same formation. A. pebble
of basalt three-quarters of an inch in diameter ,,"'as found in one of these
conglomerates. It had all the characteristics of a pebble from the basalt
of the top of Grand JIesa proving the presence of igneous material of the
nature of the basalt at an earlier time than the extrusion of the flows
above. This was the only foreign pebble found in any of the conglomerates
in the Paonia formation. The rest came from the formation itself.

There are numerous concretionary bodies in the sandstone whose size
and shape vary considerably. Some are lenticular, others are round or
ellipsoidal. They seem to be merely sandstone better cemented than the
enclosing strata, usually by iron oxide, which gives them a darker color
than the main mass of the bed. They are bedded and cross-bedded as is
the rest of the sandstone, and may have been formed in small pools the
shape and size of the concretionary bodies. The contact between the
~lesaverde and the overlying is very problematical in the area worked.
The slope about Grand Mesa is soil covered except in a few places where
no contacts are sho,,'n. The line separating the two fornlations, the Paonia
and the one above, "ras drawn along the lower boundary of slide material
which, it is supposed, is all in the later formation, the Wasatch. The ma
terial of ,vhich the Paonia formation is eomposed is unfavorable to the
devel.opment of slides of such extent as those about Grand ~tesa. The thick
ness of the Paonia formation is about 1600 feet.

The topography of the Paonia forulation is the result of the differential
weathering of the alternate beds of sandstone and shale. The sandstone
fornls great benches (Fig. 4, p. 28) about the steep slope of whic.h. the
,,-eaker, less resistant shale outcrops. On the flat tops of these benehes,
sage brush is the usual vegetation, '\vhereas on the slopes, cedars and a
few pinion pine grow. In the higher levels, dense scrub oak takes the
place of the cedars and in the better ,vatered places, scrub oak and quaking
aspen gro'v.

AGE

The only fossils collected fronl. the Paonia ,,"ere a few leaves of trees
found near the base of the formation. Numerous fragments of plants
occur in the carbonaceous shale of the lower portion, but they are
poorly preserved.

The age, as given in this report. is based on correlations Blade by "1'. T.
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