
T 919

!  0
!  0
; u

I t
1  c
!  e

; O

STRATIGRAPHY OP MANGOS-MESAVERDE

INTERTONGUING, SOUTHEAST PICEANCE BASIN,

COLORADO

AND

GEOLOGY OF A PORTION OF THE

GRAND HOGBACK, GARFIELD COUNTY,V

5

^  COLORADO

0
u  .

0  '
z

5
z

S

0
0
03

UJ

>
Z

o

Don L. Warner
"0
C

by



/-V.

T 91^

A Thesis submitted to the Faculty and the Board of

Trustees of the Colorado School of Mines in partial ful

fillment of the requirements for the degree of Master of

Science in Geological engineering.

Signed:
Don li. Warner

Golden, Colorado

Date: May , 19 ̂

Approve

esi^ Advisor

Golden, Colorado

Head of De nt

Date: Mav 23 , 19

ii



T 9/9

PREFACE

This thesis consists of two parts. Part I is a stret-

igraphic study of the Mancos-Mesaverde interval of inter-

tonguing in the southeastern Piceance basin, Colorado.

Part II is a geological mapping problem along a portion of

the Grand Hogback, Garfield County, Colorado. Each part

has its own contents, list of illustrations, appendix, and

reference list. Page numbers and figure numbers are con

tinuous from the first part to the second.
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ABSTRACT

In the southeastern Piceance basin, Delta, Garfiield,

Mesa, and Pitlcin Counties, Colorado, gas has been discover

ed in sandstones of the Mesaverde formation (Upper Cretace

ous) that interfinger with the Mancos shale. Electric log

correlation of the producing intervals from within the ba

sin to the outcrop along the Book Cliffs, Colorado, shows

that production is being obtained from sandstones of the

Corcoran and Cozzette members of the Mesaverde. These two

members and the Rollins sandstone can be traced across the

basin from the outcrop in the type area, near Grand Junc

tion, to the outcrop along the Grand Hogback.

By the use of eight measured surface sections, correla

tion of these members northward along the Grand Hogback has

shown that the Corcoran and Cozzette members correlate with
/

the nonmarine portion o£ the lies formation, and that the

vii



Rollins sandstone is the lithogenetic equivalent of the

Trout Creek sandstone of northwestern Colorado.

Fossils recovered from below the Corcoran member and

from above the Cozzette member date these two units as Cam-

panian and piace them stratigraphically between the base of

the Baculites scotti fauna1 zone and the top of the Exitel-

oceras lenneyi fauna1 zone.

Shoreline trends of the Corcoran and Cozzette members

are east-northeast in the southeastern Piceance basin.

This trend is quite divergent from a broad north-south

trend in the Western Interior as a whole. Knowledge of

local variations in shoreline trends is necessary for ado-

urate interpretation of Upper Cretaceous stratigraphy in

this area.
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INTRODUCTION

PURPOSE AND SCOPE OF STUDY

This investigation is a study of the gas-producing

sandstones in the interval of intertonguing of the marine

Mancos shale (Upper Cretaceous) and the largely nonmarine

Mesaverde formation (Upper Cretaceous). The transition

interval includes the Sego, Corcoran, Cozzette, and Rollins

members of the Mesaverde formation and the tongues of

Mancos shale v^hich separate these members. The interval

varies in thicTcness, but never exceeds 1500 feet, as in

terpreted by the writer.

The area under investigation is in the southeastern

Piceance basin. Delta, Garfield, Gunnison, Mesa, PitTcin,

and Rio Blanco Counties, Colorado. The limits of the

study can be approximated by lines joining the towns of

MacTc-MeeTcer, Meeker-Placita, Placita-Delta, and Delta-

Mack (fig. 1).
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Five test wells that penetrated the transition interval

were drilled prior to 1955 (table 1), but the first success

ful test of sandstones in the transition interval was drill-

'  ed in 1955 by Great Basins Petroleum Company in sec. 29,

T. 8 S., R. 100 W. This well was completed as a shut-in

gas well in sandstones of the Cozzette member. Forty-five

I  ' ' '
;  wells had penetrated the intertonguing interval in the area

I
of investigation prior to March 1960. The subsurface data

i  from these wells and surface correlations along the Boole
I

!  Cliffs, Colorado, by earlier workers, provided sufficient

>  information to make a study of the Mancos-Mesaverde transi-

^  tlon interval feasible.
[
j  METHOD OF STUDY
I  In the course of this investigation east-west electric
i
I  log correlations were made across the Piceance basin, from -
I  ■ •

I  outcrops along the Book Cliffs to outcrops along the Grand
I  ■ ■
I
i  Hogback, to determine stratigraphic relations. Eight sur-

i
t  face sections were measured along the Grand Hogback to de-
I
f
I  termine stratigraphic relations in a direction approximately
I

I  normal to the subsurface correlation.
I

I  Field work was done during the summer and fall of 1960.
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Sections were measured by plane table and, in part, were

measured in detail with brunton and tape or Jacob staff.

Surface correlations were made as the sections were mea

sured and were checked, where possible, by walking out beds

and with aerial photographs„ Fossil collections were made

at all opportunities to augment physical correlations.

PHYSICAL SETTING

The Piceance basin is a structural basin, which was

formed during and after the Laramide revolution, and Upper

Cretaceous stratigraphy was not influenced by the structur

al features which presently delimit the basin (fig. 1). The

topography of the major part of the basin is controlled by

nearly flat-lying Tertiary rocks, which form high mesas that

roughly outline the basin. The mesas are intersected by the

drainage of the Colorado River, and rise abruptly on either

side of the river valley to over 10,000 feet above sea

level.
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PREVIOUS WORK

THE MANGOS SHALE AND THE MESAVERDE GROUP

The Mancos shale was named by Cross (1899, p. 4) for

exposures in the Mancos Valley, on the northwest edge of

•he San Juan basin, Colorado (fig. 1). The Mancos shale

IS 2000 feet of gray marine shale in the type area, and

It underlies and intertongues with the Mesaverde group.

The Mesaverde group was named by Holmes (1877, p. 245,

248, and pi. 35) for exposures in the valley of the San

Juan River, on the north rim of the San Juan basin, Colo

rado and New Mexico (fig. 1). Holmes divided the group

Into three lithologic units, which were later given geo-

fjraphic names by Collier (1919, p. 296) . These units are.

In ascending order, the Point LooTcout sandstone, the coal-

l«arlng Menefee formation, and the Cliff House sandstone.

Those three units have an aggregate thickness of 1000 to

1500 feet in the type area.



Subsequent to the naming of the Mancos shale and the

Mesaverde group, the names were applied, in other basins

throughout the RocTcy Mountains, to units which were lith-

ologically similar to those of the type area but of differ

ent ages. This practice led to misconceptions of the true

stratigraphic relationships of the Mancos shale and the

Mesaverde group throughout the RocTcy Mountain region.

GENERAL NATURE OP MANCOS-MESAVERDE INTERTONGUING

The transgressive and regressive marine and nonmarine

intertonguing of the Mancos shale and the Mesaverde group

in the San Juan basin was recognized and described by

Ree'side (1924) and Sears and others (1941), and has been

studied in other Roclcy Mountain basins by many geologists.

The Mancos shale and its equivalents are dominantly

gray marine shales that were deposited in* the seaway that

J

occupied much of the Western Interior region during most

of the Late Cretaceous. The Mesaverde group is composed

of marine sandstones and transitional to nonmarine beds

consisting of coal, shale, and sandstones that were de

posited around the margins of the seaway during the Late

Cretaceous (Campanian through Maestrichtian?). Mesaverde
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strata, therefore, intertpngue with the Mancos shales that

were being deposited in the major part of the seaway. The

position of the shoreline was constantly changing during the

time that these units were being deposited, and thus evolv

ed a complex intertonguing of marine Mancos shale and the

sandstones, nonmarine shales, and coals of the Mesaverde.

STUDIES IN THE UINTA AND PICEANCE BASINS

The first detailed work on Mancos-Mesaverde fades

relationships in the Uinta basin of eastern Utah was done

during 1911-1913 by Clark (1928) , These studies were con

tinued in the Uinta and Piceance basins by Spieker and

Reeside (1925), Spieker (1931, 1946, and 1949), Erdmann

(1934), Fisher (1936), Young (1953, 1955, 1957, 1959, and

1960), and others. Correlations of Mesaverde strata in

the Piceance basin are shown by Gooldy (1959) and Burger

(1959). Zapp and Cobban (1960) give valuable paleonto-

logical evidence and show generalized correlations along

the Book Cliffs and the Grand Hogback. Measured sections

and correlations along the Grand Hogback are shown by Gale

(1907 and 1910). Hancock and Eby (1930) measured the

White River section, Horn and Gere (1954) the Rifle Gap
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section, Zapp (in McKee, 1957, sec. 9) the South Canyon

Creelc section. Burger (1959) the Rifle Gap and the White

River sections, and Donnell (1959) the North Thompson Creek

section. Some of these measured sections are too general

ized to be of use for correlation of intertonguing strata,

and marine and nonmarine intervals are usually not differ

entiated, None of the above measured sections along the

Grand Hogback include paleontological evidence useful for

correlation.

Spieker (1949) showed that during much of the Late

Cretaceous the coast line of the interior seaway lay in

central Utah, but that in the Campanian the shoreline re

treated eastward into Colorado. This eastward movement was

not steady, but was irregular. In addition to the irregular

east-west movement the shoreline configuration varied, as

do modern shorelines, with embayments and promontories,

which caused divergence from the general north-south shore

line trend.

The marginal sandstones and associated swamp and

lagoonal beds deposited during this regression of the Cre

taceous seaway comprise the Mesaverde group of east-central

Utah and west-central Colorado. As Clark (1928) used the
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name Mesaverde in central Utah, it. included v;hat are nov^, in

ascending order, the Star Point sandstone, the Blackhav;Tc

formation, and the Price River format ion . Recent workers

(Spieker, 1949; Young, 1955; and Weimer, 1960) have-not used

the name Mesaverde in Utah, bat have used the individual

formation names as given above. Eastward, toward Colorado,

the Star Point sandstone and the Blackhawk formation have

passed by facies change into the Mancos shale and the only

remaining formation is the Price River (Spieker, 1949,

fig. 2; Weimer, 1960, fig. 3). The Price River formation

of east-central Utah is the lithogenetic equivalent of the

Mesaverde forjnation of the Grand Jtinction area (Young, 1960,

fig. 2; Weimer, 1960, fig. 3).

The Mesaverde Formation of the Grand Junction Area

In east-central Utah and western Colorado the Mesa

verde formation (Price River formation) can be divided into

two main lithologic types, which can be considered as se

parate formations, members, or facies. These two lith-

ologies are the lower coal-bearing sequence and the upper

sequence of nonmarine shale and sandstones, which contains

very little coal. Erdmann (1934) subdivided the Mesaverde

of the Book Cliffs into two formations, the coal-bearing
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/  Mount Garfield formation and the overlying Hunter Canyon

I
formation. The boundary between these two units, as de

fined by Ernmann (1934), is not a mappable boundary, Erd-

mann (1934, p. 33) states:

Tlie Hunter Canyon and Mount Garfield forma-

!  tions grade into each other so insensibly that

no definite line of separation, as valid at one

locality as at another, can be chosen. Thus the

boundary that has been placed between them is
i  purely arbitrary and has been assigned more for

the convenience of lithologic description than

i  precise stratigraphic subdivision,

)  Young (1955, p, 187-192) considers the two lithologies

|-

t  as being facies. The•coal-hearing lower unit is termed the

Neslen facies. This study is concerned with the members of

;  the Neslen facies? these members are, in ascending order,

the Sego member, the Corcoran member, the Cozzette member,
I

I  and the Cameo member. Each member consists of one or more

marine sandstones and associated coal or nonmarine shale.

I

I  The members are separated by tongues of Mancos shale.

SEGO MEMBER

f. The name Sego was applied to the Sego sandstone member
I

i  of the Price River formation by Fisher (1936, p. 15). Young

I
f  (1955, p. 189) expanded the member to include the sandstones

i  and closely related carbonaceous shales and coals. The type
I

f  locality of the Sego member is at the town of Sego near
i  ■ ' •
1
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Thompsons, Utah, Many fossils have been collected from this

unit which indicate a Campanian age (Young, 1955, p, 189).

I  Fossils from the Baculltes scotti fauna1 zone have been

collected from the Sego, dating it even more precisely and

allowing it to be correlated regionally with units in other

Colorado basins (Haun and Weimer, 1960, p. 64}.
f

Along the Book Cliffs, west of Big Salt Wash, the Sego

member has a thickness of up to 300 feet, but the lower

sandstone interfingers with marine shale eastward, and only

the upper sandstone is present east of Big Salt Wash (fig.

2).

CORCORAN MEMBER

The name Corcoran was applied by Young (1955> p, 190)

to a unit of marine sandstones and associated coal-bearing

rocks which lies above the Sego member and is separated from
,

it by a tongue of marine shale. The type locality of the

Corcoran member is near the Corcoran mine, north of Pali

sade, Colorado, where it is about 100 feet thick (figs, 1

and 2).

COZZETTE MEMBER

The marine sandstones and associated coal-bearing

strata which lie above the Corcoran member and are separated
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from it by a tongue of marine shale were named the Cozzette

member by Young (1955, p, 191), The type area of this mem

ber is near the Cozzette mine north of Palisade, where it

is about 130 feet thick (figSo 1 and 2).

CAMEO MEMBER

The uppermost coal-bearing rocks of the Mesaverde for

mation of the Grand Junction area comprise the Cameo member,

named by Young (1955, p, 191) for exposures near the town

of Cameo, Colorado., The member consists of a massive, white,

cliff-forming sandstone and the overlying coal beds. The

sandstone is probably the lithogenetic equivalent of the

Rollins sandstone of Lee (1909, p. 320) and can properly be

called the Rollins, even though the type Rollins is strati-

graphically higher (W. W. Boyer jji Young, 1955, p. 191).

The overlying coal is referred to by early workers as the

Cameo coal (Erdmann, 1934). The names Rollins sandstone

and Cameo coal are retained where they are applicable.
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GENERAL LITHOLOGIES

Each of the members under study consists of one or more

sandstones and the associated coal—bearing beds. The in—
I

;  dividual major sandstones of each member are up to 50 feet

I
f  thick (except the Rollins sandstone, v?hich is as much as
I

I
i  125 feet thick), and they gradually thin seaward, until

>  they disappear by facies change into the Mancos shale.

f
^  The appearance of the sandstones depends on the environment

I  of deposition. That part of a sandstone that was deposited
s

well out in the marine environment is dark brown on the

outcrop, fine to very fine grained, has well—defined bedding,

and is interbedded with marine shale (figs,. 5 and 7) . The

portion of a sandstone that was deposited near shore is

buff colored, fine to medixim grained, and massive bedded

(fig. 12). The sandstones are composed primarily of quartz

grains and varying amounts of feldspar and lithic fragments.

14
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The grains are generally well rounded and fairly well sorted.

The sandstones are raore or less calcareous and are highly

argillaceous. The porosity of rocks examined on the out

crop appears to he quite low, because of the clay material

that fills the intergranular spaces.

Coal and carbonaceous shale overlie each of the major

sandstones, as far seaward as the coal swamps migrated.

Where the sandstones are overlain by coal, they are commonly

bleached white, probably because of the reducing action of

the carbonaceous matter on ferruginous material in the

sandstones.

Tongues of gray marine shale separate each of the mem

bers and to some degree separate the sandstones within each

of the members. The marine shale is not difficult to dis- "

tinguish from the nonmarine shale, where the shales are

well exposed. The marine shale is gray to brownish gray

and commonly contains fossiliferous calcareous concretions

and thin fossiliferous sandstones. The nonmarine shale is

carbonaceous, does not contain calcareous concretions, or

marine fossils, and often weathers white on the outcrop.
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Fossils (mostly Ostrea, Inoceramus, and Ophiomorpha/)

Commonly called Halymenites« See Hanstzshel, 1952.

and fossil fragments are common in the sandstones, but

diagnostic index fossils are more common in the marine

shale intervals that separate the members.

Mi
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SUBSURFACE CORRELATION

In order to define which members of the lower Mesa—

verde formation are present in the subsurface within the

southeastern Piceance basin, and which members are present

at the outcrop along the Grand Hogbaclc, the writer traced

the individual members from the surface outcrop at Hunter

Canyon (fig. 2), in the Grand Junction area, across the

Piceance basin, using electrical well logsv Figure 3 is

an electric log correlation chart of the Sego, Corcoran,

Cozzette, and Rollins members of the Mesaverde formation

across the Piceance basin, from a surface section at Hunter

Canyon, that was measured by Young (1960, p. 85), to a sur

face section at South Canyon CreeTc, that was measured by

the writer.

Gooldy (1959) shows a correlation across the Piceance

basin, using some of the same well logs as the writer.

17
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Gooldy's correlation differs from that of the v>riter, be

cause Gooldy assumes that the top of the Rollins sandstone

is a continuous horizon (time line?) completely across the

basin. Observations by the v?riter indicate that the Rollins

rises stratigraphieslly across the basin. This observation

is supported by Boyer (Young, 1955, p. 191) who indicated

that the type Rollins of Lee (1909, near Delta) is much

higher stratigraphically than the Rollins of the Grand

Junction area.

CORRELATION DATUM

The Cameo coal interval immediately overlying the

Rollins sandstone provides an excellent correlation datum

from the outcrop at Hunter Canyon to the A. E. McLane Sky

line Hittle well No. 1 in sec. 12, T. 10 S., R. 96 W., and

is believed to represent an approximate time line. Between
\

the above well and the Pan American Petroleum Co. Walck

No. 1 in sec. 12, T. 10 S., R. 95 W., the Cameo coals

change laterally to sandstone and the underlying Rollins

sandstone interfingers with the Mancos shale. Prom this

point eastward, the top of the Rollins sandstone rises
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rapidly in the section and is no longer useful as a correla

tion datum. The top of the Cozzette sandstone is used as

a correlation dattun eastward from the Walck No. 1. This

is justified, because the Cozzette is entirely marine at

this point, and as Spieker (1949, p. 66) points out, the

tops of prominent marine sandstone tongues are nearly co

incident with time lines.

SEGO MEMBER

The Sego member thins very rapidly from the outcrop

to the first well, and is interpreted as passing by facies

change into the Mancos shale just east of the F. R. Anderson

No. 24-29 Govt. in sec 29, T. 9 S., R. 98 W. Burger (1959)

shows the Sego disappearing at about the same location.

CORCORAN MEMBER

The Corcoran member can be traced continuously across

the southeastern Piceance basin (fig. 3). The nonmarine

beds overlying the sandstones of the Corcoran member thin

eastward from the Hunter Canyon surface section, and are

interpreted as passing by facies change into sandstone

between the Compass Exploration No. 1 Govt. Williams in

sec. 1, T. 10 S., R, 97 W., and the A. E. McLane Skyline

Hittle No. 1 in sec. 12, T. 10 S., R. 96 W. Prom this



T 919 20

point eastv^ard, the sandstones of the Corcoran member are

entirely marine and become progressively more shaly.

From the California Company No. 1 Baldy CreeTc Unit in

sec. 17, T. 8 S., R. 90 W., to the surface section at South

Canyon Creek, there seems to be a pronounced thickening of

the shale unit betv^een the Corcoran and Cozzette members

at .the expense of the sandstones of these units. The

writer interprets this as indicating that much of what

appears to be sandstone on the electric log is probably silt-

stone and is not exposed at the partially covered surface

section. It is also possible that the measured thickness

of this shale interval may be too great, because Zapp

(in McKee, 1957, sec. 9) shows a lesser thickness for this

shale interval at South Canyon Creek.

The persistence and consistent thickness of the

Corcoran member eastward from the Skyline Hittle No. 1

suggests that this portion of the electric log correlation

is roughly parallel to the shoreline trend of this unit.

Additional evidence for this interpretation is discussed

in the section entitled "shoreline trends."

COZZETTE MEMBER

The Cozzette member persists across the southeastern
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Piceance basin, as is shov?n by figure 3. The nonmarine beds

overlying the sandstones of the Cozzette member can be

traced only a short distance from the outcrop at Hunter

Canyon, and are interpreted as disappearing by facies

change betv;een the Andrews, Haugh, and Cooper No. 1 Govt.

in sec. 30, T. 8 S., R. 99 W., and the Phillips Petroleum

Company Pray Govt. No. 1 in sec 31, T. 8 S., R. 98 W.

Eastward from the Pan American Petroleum Company WalcTc

No. 1 in sec. 12, T. 10 S., R. 95 W., the Cozzette member

remains fairly constant in thickness, and its top is con

sidered to represent an approximate time line. The per

sistence and consistent thickness of the Cozzette member

eastward from the Walck No. 1 indicates that this portion

of the correlation is essentially parallel to the shore

line trend of this unit. This conclusion,which is substan

tiated by other evidence, is further discussed in the section

entitled "shoreline trends."

ROLLINS SANDSTONE MEMBER

The Rollins sandstone member, as exposed at the Hunter

Canyon surface section, can be traced rather precisely as

far east as the A. E. McLane Skyline Hittle No. 1 in sec.

12, T. 10 S., R. 96 W.; at this point this sandstone passes
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by fades change into the Mancos shale, and a new sandstone

develops stratigraphically above the first. Prom this point

eastward, the Rollins sandstone rises rapidly in the section,

and at the South Canyon Creek surface section it is about

330 feet stratigraphically higher than at the Hunter Canyon

surface section. This rapid stratigraphic rise occurs be-

cause the Rollins sandstone represents the sandstone facies

of deposits laid down along the margin of a rapidly east

ward-retreating Cretaceous shoreline, and the line of

correlation is at a steep angle with the north-northeast

shoreline trend of this sandstone (Zapp and Cobban, 1960,

fig. 112.3, lower WilliamsEockHlower Bowie regression).

The mineable coals which closely overlie the Rollins

sandstone are economically important on both sides of the

basin. On the west side these are Cameo coals (Erdmann,

1934), and on the east side the Wheeler coals and various

other named or lettered seams, too nxunerous to mention

(Gale, 1907 and 1910; Zapp and Cobban, 1960, fig. 112.2).
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MEASURED SECTIONS AND SURFACE CORRELATIONS

The subsurface correlations of the previous section

have established the presence of the Corcoran member, the

Cozzette member, and the Rollins sandstone member on the

outcrop at south Canyon Creek. These members v;ere then

traced along the Grand Hogback to determine their north-

south facies variations and correlations. Figure 4 shows

the measured sections and correlations along the Grand

Hoigback. Detailed stratigraphic measurements are given

in the appendix,

CORRELATION DATUM

In order to correlate rock units it is necessary to

establish some datum from which to "hang" measured strati-

graphic sections. It is preferable that this datum be a

time surface or nearly so. The time surface selected was

the sandstone unit of the Cozzette mendser. This practice

23
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is in concurrence with Spielcer (1949, p. 66-67) who states:

"The horizons chosen for datum lines are the tops of the

most prominent sandstone tongues. These are probably

nearly coincident with time lines and are logical datum

lines on that account." The reasoning by which the writer

believes that the tops of these sandstones represent time

lines is explained in the section entitled "nature of

intertonguing in the Piceance basin." The top of the Co-

zzette sandstone was used as a datum until the sand began

to interfinger with nonmarine beds, then the bottom of the

sand was used, because nonmarine beds were observed to

intertongue with the sandstone from the top.

Nor^h of Rifle Gap, correlations are less certain,

and no one sandstone is known to be persistent enough to

be used as a time line< Between Rifle Gap and Piceance

Creek, the thickness of the sandy interval of the lies

formation remains constant, and in this case was correlated

as a unit. Prom Piceance Creek to the White River section,

the center of the upper marine shale unit was used as a

time line. This was done arbitrarily, because field obser

vations and correlations showed that the Rollins member be

comes older and the Cozzette member becomes younger in a
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northward direction, and since the amount of stratigraphic

change is not "known for either member, an equal amount of

change was assigned to each.

CORRELATIONS

The correlations shown on figure 4 are thought to be

reasonably accurate and largely self-explanatory from the

North Thompson' Creek section on the south to the Rifle Gap

section. Individual beds can not be traced continuously

on the ground or on aerial photographs, but the members

under study are separated by well-»defliie'd marine shales of

sufficiently consistent thickness to aid in correlation.

Correlations become less certain north of Rifle Gap,

and are based primarily on the presence of the tongue of

marine shale which lies between the Trout Creek sandstone

and the Cozzette member.

Seqo? Member

The upper Sego sandstone disappears by facies change

into the Mancos shale just east of the P. R. Anderson No.

24-29 Govt. well in sec. 29, T. 9 S., R. 98 W,, in the sub

surface correlation, thus its position in the surface

correlation is not certain. A sandstone lies 88 feet below

the main Corcoran sandstone at Harvey Gap (fig. 5), and may
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Figure 5

The Sego? sandstone at Harvey Gap,
88 feet below the main Corcoran sandstone.
The sandstone is 21 feet thick at the lo-
cation of the photograph, on the west edge
of Harvey Gap reservoir.
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be the upper Sego sandstone. The Sego should logically appear

at about this point along the Grand HogbacTc if the shoreline

trend for the Sego member is shown correctly on figure 13.

This sandstone appears to correlate with the lowermost

sandstone of the Mesaverde group at Rifle Gap and eventually

with the lower nonmarine portion of the lies formation at

the White River section.

Ammonite fragments, which were identified by W. A.

Cobban (oral communication) as Didymoceras sp., were col

lected 119 feet below this_ sandstone at Rifle Gap. Cobban

stated that these ammonite fragments were from the Baculites

scotti faunal zone. A specimen of Baculites scotti Cobban

was found stratigraphically above the horizon at which

this sandstone occurs at Fourmile Creek (fig. 4). These

fossil determinations place this sandstone within the

Baculites scotti faunal zone. Fossils from the Baculites

scotti zone are found in rocks associated with the Sego

sandstone in east-central Utah (Katich, 1959, p. 28).

The above fossil evidence shows that the sandstone in

question is within the proper age limits for the Sego

sandstone.
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Corcoran Member

The Corcoran member was traced in the subsurface to

the outcrop at South Canyon Creek„ At South Canyon Creek,

the Corcoran member comprises two massive-bedded 12- to 15-

foot sandstones and other thin-bedded sandstones. The

southward e,xtent of the Corcoran member is not certain.

Aerial photographs indicate that a resistant sandstone is

present below the Cozzette member in the vicinity of Four-

mile Creek, but the Corcoran, if present, does not outcrop.

A thin-bedded 10-foot sandstone is present 500 feet strat-

igraphically below the Cozzette at North Thompson Creek.

This sandstone might be correlated with the Corcoran at

South Canyon Creek, except that it seems difficult to

account for the 250 feet of thinning in the marine shale

interval in the 17 miles between the t;wo sections (fig. 4).

At New Castle, Colorado, the Corcoran member has

thickened considerably in comparison with its thickness at

South Canyon Creek, and a. thin bed of impure coal overlies

the most prominent sandstone ledge. This coal seam thick

ens rapidly northward, and was mined at one time about one

mile north of New Castle, along the Grand Hogback. Seven

miles to the north of New Castle, at Harvey Gap, the coal
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interval is 33 feet thick (fig. 6), and is being actively

mined. This coal seam is thought by the writer to be the

same seam as the "A" bed of Horn and Gere (1954) at Rifle

Gap, where it was once exploited in at least one mine

(Zieseniss mine).

The Corcoran member is readily recognizable and sep-
■V

arable from the Cozzette member and the Sego? member as

far north as Rifle Gap, but its location at Piceance Creek

is not certain. It appears to be represented within a

poorly exposed shale inteirval, which must be, at least in

part, nonmarine. At the White River section, the Corcoran

member is represented in the lower half of the nonmarine

portion of the lies formation.

At the Fourmile Creek section, a specimen of Baculites

scotti Cobban was collected from a calcareous concretion

at or just below the stratigraphic position of the Corco

ran member (280 feet below the Cozzette member). The con

cretion was not definitely in place, but showed no signs

of fracturing or weathering, which should be present if the

concretion had been transported far. Zapp and Cobban

(1960, p. B-247) show that Didymoceras nebrascense was

collected from just above the thin coal which lies in the
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Figure 6

Coals of the Corcoran member
at Harvey Gap. The mine entrance is
to an active mine on the west side of
the Gap. The three coal seams and
the shales within them are 33 feet
thick.
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Corcoran member at Nev? Castle. These fossil collections

suggest that the Corcoran member is at least in part within

the Baculites scotti fauna1 zone.

Cozzette Member

The sandstones of the Cozzette member were traced as

far south as North Thompson CreeTc, where they are 21 feet

thicTc, very fine grained, and thin bedded (fig. 7). Donnell

(1959, p. 76) states that this sandstone thins to the south.

I
and is replaced by Mancos shale a short distance south of

Thompson Creelc. The Cozzette sandstone thickens to the

north, and is 47 feet thick at Fourmile Creek (fig. 8).

At New Castle, the Cozzette member is still entirely marine,

and is a single massive ridge-forming sandstone (fig. 9).

At Harvey Gap, the Cozzette member has a total thickness

of 148 feet, and three main sandstones are present, separa

ted by marine shale. The original sandstone is overlain

by carbonaceous material at Harv^ Gap, and thins rapidly

to the north as it is replaced by the carbonaceous shale

and coal. The Cozzette member can be distinguished from

the underlying Corcoran member as far north as Rifle Gap

(fig, 10), and perhaps as far north as Piceance Creek. The
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Figure 7

The Cozzette member exposed in a road
cut about one-half mile east of the Thompson
Creek coal mine, on North Thompson Creek.
The sandstone is 21 feet thick at this lo-
cation. Scale of the photograph is given
by the pick in the center foreground.
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Figure 8

Thin- to thick-bedded sandstones
of the Cozzette member in a road cut
about one-half mile east of the Sun-
light mine at Fourmile Creek. The
scale of the photograph is given by
the pick in the foregrqund.
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Figure 9

Prominent ridges at the town of New
Castle, which are formed by the west-
dipping Corcoran (left) and Cozzette
(right) members of the Mesaverde. The
ma.Ln sandstone of the Corcoran member is
overlain by a thin coal, which is the
southernmost tongue Of nonmarine beds in
the 11es formation.
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Figure 10

Sandstones arid shale tongues of the
Iles formation on the east side of Rifle
Gap. The ridge-forming sandstone on the
right is the Trout Creek. The two sand-
stones on the left are of the Cozzette
member and are underlain by a. sha.le tongue,
that separates them from the Corcoran mem-
ber, which is not in the photograph.
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shale tongue that separates the Cozzette and Corcoran mem

bers is interpreted as becoming nonmarine -between Piceance

Creek and the White River section. The Cozzette member

is correlated with the upper portion of the middle non-

marine part of the lies formation at the White River section.

Zapp and Cobban (1960, p, B-247) show that Exiteloc-

eras lenneyi was collected from just above the Cozzette

member at North Thompson Creek, and that Didymoceras ste-

vensoni was collected from about the stratigraphic posi

tion of the Cozzette member northwest of Cedaredge, Colo

rado .

Rollins (Trout Creek) Sandstone Member

To clarify the next portion of the discussion, it

should be stated that the Rollins sandstone member, as

traced across the Piceance basin, is believed to be the

lithogenetic equivalent of the Trout Creek sandstone of

Fenneman and Gale (1906), and references that are made to

the Rollins may apply to the Trout Creek as well. The

name Rollins is used as far north as New Castle, and the

name Trout Creek is used from New Castle north. This is

in accord with the State geological map, which does not

extend the lies formation (with the Trout Creek sandstone
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member at the top) any farther south than New Castle.

The Rollins (or Trout Creek) sandstone is an easily

recognizable unit throughout the length of the Grand

Hogback. This sandstone is a prominent cliff former, is

consistently from 50 to 125 feet thick, is overlain by coal

and carbonaceous shale, and is underlain by marine shale

(figs. 11 and 12). The coals and carbonaceous shales which
•w-

overlie the Rollins are frequently burned on the outcrop.
«

Hancock and Eby (1930, p. 206) state: "Where rocks of this

coal group (Fairfield coals, which overlie the Trout Creek

sandstone) are exposed along steep slopes, they are usually

reddened by the burning of coal beds The coal beds be

low the Trout Creek sandstone are rarely burned on the

surface." The upper portion of the Rollins is often

bleached white, and Gale (1907, pi. 15? 1910, pi. 6) referred

to what is believed to be the Trout Creek sandstone as the

"white rock." Hancock (1925, p. 13-14) states that the

sandstone designated by Gale (1910) as the "white rock"

is with little doubt the Trout Creek sandstone of the

Yampa coal field.

In the southern portion of the Grand Hogback, the

Rollins sandstone is the basal unit of the Mesaverde
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Figure 11

The lowest prominent cliff is formed
by the Rollins sandstone, above the Thompson
Creek coal mine at North Thompson Creek.
The Rollins is 100 feet thick at this loca-
tion.
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•

Figure 12

The massive Trout Creek sandstone on
the north side of Sta.te highway 789 about
one and one-half miles west of Meeker.
The Trout Creek is overlain by coals of
the Fairfield group. The abandoned Fair-
field mine is located at the end of this
outcrop.

_________________ ......-iICIIIII1IIII
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formation, and as it is traced northward it serves as the

dividing line between the upper and lower units of the Mesa-

verde group (Williams ForTc and lies formations respectively).

As is shown by figure 4, the Rollins sandstone of the

southern Grand Hogback is believed to be stratigraphically

higher than the Trout Creek sandstone of the northern Grand

Hogback, although they remain lithogenetic equivalents.

This stratigraphic rise is indicated by the following two

criteria:

1. The Rollins sandstone can be observed to inter-

tongue southward into Mancos shale, particularly in the

Fourmile Creek section (fig. 4).

2. The shale interval between the Rollins sandstone

and the Cozzette member thins to the north, and this thin

ning is too great to be accounted for by the rise of the

Cozzette member (fig. 4).

In tracing the Trout Creek sandstone to the White

River section, it was found that 165 feet of marine shale

is present in the Meeker area, below the Trout Creek sand

stone and above the nonmarine portion of the lies forma

tion, Marine macrofossils were not found in this interval,

but calcareous concretions were found, and additional
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diligent searching should uncover marine macrofossils in the

concretions. Marine foraminifera (Ammobaculites, Haplophrag-

moides, Gumbelina, Cibicides, Massilina. Bolovina# Loxostoma#

and Dorthea bulletta?; identifications by W. D, Mateer) were

extracted from a sample that was taken from the middle of

the shale interval. This shale can be recognized on the

electric log of the Phillips Petroleum Co. Mannel No. 1, sec.

27, T. 1 N., R. 95 W. It is present between 8460 and 8535

feet on the log. The thickness on the log (75 feet) is con

siderably less than the thickness that was measured on the

surface (165 feet). If the surface measurement is correct,

the thinning is probably the result of the Trout Creek sand

stone being stratigraphically lower in the subsurface than

on the surface. The above marine shale tongue was not noted

by Hancock and Eby (1930) or Burger (1959), but it is shown

by Zapp and Cobban (1960, p. B-247, fig. 112.2).

Identification of the Trout Cireek sandstone on the

surface at the White River section was facilitated by the

fact that the Trout Creek is overlain by the Pairfield

coal group (Hancock and Eby, 1930, p. 206). The abandoned

Pairfield No. 1 mine is located just above the Trout Creek

sandstone, about one and one-half miles west of Meeker,
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along State highv;ay 789, at the point where the stratigra-

phic section was measured (fig. 12).

A specimen of Baculites cf. B. corrugatus Elias was

collected from about 50 feet below the base of the Trout.

Creek sandstone at the Piceance Creek section. W, A.

Cobban (oral communication) suggested that this specimen

is not a true Baculites corrugatus, and that it is most

likely within the Exiteloceras jenneyi zone. This age de

termination indicates that the Trout Creek sandstone of

the central Grand Hogback approximately correlates with

the Trout Creek of the type area, because the vertical

range of Exiteloceras jenneyi is considered to be restricted

to a. few hundred feet of beds and this fossil has been

collected from the upper part of. the lies formation, just

south of Milner,'Colorado, in the Craig area (Haun and Weimer,

1960, p. 63; Scott and Cobban, 1959; Katich, 1959, p. 28).
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NATUEtE OF INTERTONGUING IN THE PICEANCE BASIN

Intertonguing between the Mesaverde formation and

the Mancos shale in the Boole Cliffs and Piceance basin

exhibits the same general fades pattern as can be seen

in equivalent deposits throughout the Roclcy Mountains,

In the Cretaceous seaway, beyond the point where wave ac-

■; tion could spread sand-sized particles, black to gray

marine shales were deposited. At the same time, in the

nearshore marine and barrier island environments, sand

sheets were spread by wave and current action. These sand

sheets interfingered seaward with the shales and landward

with carbonaceous deposits of the swamp and lagoonal en

vironments. This general pattern seems to be consistently

repeated and forms a basis for making correlations where

exposures are not continuous.

Two types of sandstones are possible in an oscillating

^  43
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sea,' transgressive and regressive. Transgressive deposits

differ from regressive deposits in that the base of a

transgressive sandstone is sharply defined and the top

interfingers v;ith marine shale, v/hereas the top of re

gressive deposits is sharply defined and interfingering

takes place from the bottom. Sears and others (1941), in

their study of the intertonguing of Upper Cretaceous de

posits in the southern San Juan basin, reported both trans

gressive and regressive deposits. Neither SpieTcer (1949,

p. 62-66) nor Young (1955, p. 197) report transgressive

sandstones from the Uinta basin or the Book Cliffs. Both

Spieker (1949) and Young (1955) believe that all of the

observed sandstone tongues of this area are regressive

sandstones, which formed during periods of slow subsidence

when the supply of sediment exceeded available space.

Exposures along the Grand Hogback are not sufficiently

good to allow study of individual sandstones in the detail

possible along the Book Cliffs, but the writer believes

that the major sandstones that are traceable for any dis

tance (fig. 4) are regressive sandstones, which interfinger

with marine shales from the base rather than from the top.

If the above concept of dominantly regressive sandstones
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is correct/ then the shale tongues separating these sandstones

must be a result of rapid subsidence or a decreased supply of

sediment, which allowed the marine environment to migrate

inland without time for transgressive sandstones to form.

Marine shale should then be found directly overlying marine

sandstone and nonmarine shale and coal with sharp contact.

This does seem to be the case in many instances along the

Grand Hogback, as well as along the Book Cliffs (figs. 2

and 4). The tops of the marine sandstones involved in

these cycles are thought to closely approximate time lines,

because, if sand is spread by wave and current action from

a shoreline which is temporarily stabilized at its maximxim

seaward position, the top of the resulting sandstone must

nearly represent the last instant of geologic time before

the seas moved rapidly landward. The exact mechanism by

which these gradual regressive and rapid transgressive

movements took place is not certain. Various authors

(Sears and others, 1941; Spieker, 1949; Young, 1955; Burger,

1959; and others) give possible explanations.

Comparison of measured sections along the Book Cliffs

(fig. 2) with measured sections along the Grand Hogback

(fig. 4) shows that the shale tongues separating the
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vaifious members are thicTcer along the Grand Hogback than

they are along the Book Cliffs. Burger (1959, p. 89) no

ticed that there was differential accximulation of shale in

closely adjacent areas during the deposition of the lies

formation (which correlates with the members under study).

This differential accumulation of shale may be related to

the location of supply sources (stream mouths?) during the

deposition of the lies formation and the tongues of marine

sandstone that inteffinger with the lies.
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SHORELINE TRENDS

By studying figures 3 and 4 and additional electrical

well logs, the approximate positions of the shoreline of

the Cretaceous seaway, within the Piceance basin, can be

established for the periods of maximum retreat of the sea

way. This is done by establishing the maximum seaward ex

tent of the coals and carbonaceous shales that overlie the

sandstones of each of the members under consideration.

Figure 13 shows the locations of the shorelines for per

iods of maximum retreat of the seaway.

The position of the shoreline of the Sego member is

not well defined, because the Sego member itself is not

precisely located stratigraphically along the Grand Hog

back. The maximum seaward extent of the nonmarine deposits

of the Corcoran member is shown by Zapp and Cobban (1960,

fig. 112.3, Middle Iles-Palisade regression). Zapp and

47
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Cobban did not use subsurface information in constructing

their diagram, but the use of this information did not

greatly change the picture they present.

The line representing the maximum seaward extent of

the nonmarine deposits of the Cozzette member may have a

slightly different orientation than is shown on figure 13.

One point on this line is where nonmarine deposits were

first interpreted as being present within the Cozzette

member along the Grand Hogback (fig. 4). The bearing of

the line through this point was restricted to the approx

imate position shown by the occurrence of coal beds above

the Cozzette member in the Continental Oil Co. Quigley No.

1, sec. 25, T. 8 S., R. 98 W. (Hendrickson, 1938), and in

the Oroco Oil and Gas Federal No. 1, sec. 12, T. 8 S., R.

97 W,, and the lack of coals in the Cozzette member in wells

to the south of these. The point where coals seem to dis

appear on the subsurface correlation (fig. 3) was not used,

because it does not seem to agree with these other data.

The line, as shown on figure 13, agrees approximately with

the disappearance of nonmarine deposits in the Cozzette

member, along the Book Cliffs, as shown by Young (1960)•

Additional wei;i data may prove that the shoreline
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trends of the above members are more sinuous than is shown

on figure 13, but the writer does not believe that any

major changes can be made in the general trends.

The maximum seaward extent of the nonmarine beds that

overlie the Rollins (Trout CreeTc) sandstone is not shown,

because this shoreline lay to the east of the Piceance

basin. One point on this shoreline is shown by Haun and

Weimer (1960, fig. 5) as lying to the east of North Park,

Colorado. Zapp and Cobban (1960, fig. 112,3) show the

trend of this strandline , (lower Williams Forlc-lower Bowie

regression) as being about N. 15® E.

The positions of the shoreline for periods of maximum

landward extent of the seaway are not shown, because it is

difficult to distinguish between marine and nonmarine sand

stones on electrical well logs and on the surface when ex

posures are limited. The maximum landward extent of the

marine shale tongues separating the meiribers is shown.

These shale tongues are more easily defined than the marine

sandstones, but their maximum landward extent is still to

a large degree speculative, because exposures along the

Grand HogbacTc are not continuous, and it is difficult to

picTc the exact point where marine shale totally disappears
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on veil logs. These lines vere included because they give

a good approximation of the extent of the several trans-

gressive movements. The shale tongue that separates tvo

members is designated on figure 13 by the names of the

two members that the shale separates, for example, Sego-

Corcoran.

The trends of the respective shorelines are critical

in the present study. Very different interpretations could

be made to account for the thicTcening of the shale interval

between the Rollins and Cozzette members, if it were not

apparent that the subsurface correlation of figure 3 is

nearly parallel to the shorelines of the Corcoran and

Cozzette members, whereas it is at a steep angle with the

shoreline of the Rollins meniber.

These shoreline trends may become important as petro

leum exploration progresses in the Piceance basin, because

porosity developments are Tcnown to occur in linear belts

that parallel ancient coastlines (Levorsen, 1954, p. 203-

206). Some oil production from sandstones of the Mesaverde

group in the San Juan basin is thought to be associated

with linear belts of porosity developed parallel to ancient

coast lines (Silver, 1947).
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The maximtun seav?ard extent of nonmarine deposits may

also have an important bearing on petroleum exploration

and production. Geologists have told the writer that they

do not consider the Piceance basin a favorable area, eco

nomically, because of the low primary porosity and perm

eability of the producing sands in the Mancos-Mesaverde

transition interval. The writer believes that these sand

stones are silty and impermeable, because they were deposit

ed seaward from the shoreline of the Cretaceous sea, beyond

the point where wave action could remove silt and clay.

This conclusion is reached by reasoning that the most sea

ward extent of the coals and nonmarine deposits overlying a

sandstone represents the most seaward position of the

Cretaceous shoreline during the deposition of that sand

stone. Favorable porosity should be found if the point can

be located where the shoreline was stabilized for a long

enough period of time to allow the cleaning up of a suffi

cient thiclcness of sand. The producing horizons are

fractured along the crest of the Divide CreeTc anticline

(Berry, 1959, p. 91). Fracturing will probably be quite

important in increasing porosity and permeability in por

tions of the basin where sufficient deformation has talcen

place.
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REGIONAL CORRELATIONS

On the basis of fossil evidence, the Sego?, Corcoran,

Cozzette, and Rollins meiribers of the Mesaverde of the

central Grand HogbacTc can be correlated v;ith strata at

other localities in Colorado. The probable correlations

with the stratigraphic sections in the Durango, Milner-

Craig, and Fort Collins areas are shov;n on figure 14,

The Durango, Milner-Craig, and Fort Collins sections are

modified after Scott and Cobban (1959, p. 129) . The cen

tral Grand Hogback section v;as added by the v;riter. The

boundaries of the stratigraphic units inserted by the writ

er are dashed, because not enough data were collected to

establish with certainty the thicknesses of the faunal

zones in this area.

It is certain that the extreme stratigraphic limits

of the Sego?, Corcoran, and Cozzette members in this area
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Correlation table of the Sego? Corcoran, Cozzette, and Rollins members

of the Mesaverde formation, central Grand Hogback, Colorado (modified after
Scott and Cobban, 1959)•
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are the base of the Baculltes scotti faunal zone and the

top of the Exlteloceras iennevl zone. These limits are im

posed by the occurrence of fossils from the Baculites

scotti below the Sego? member and the presence of a fossil

from the Exlteloceras i ennevi zone above the Cozzette mem

ber. At least the lower portion of the Corcoran member is

thought to be within the Baculites scotti faunal zone,

because a specimen of Baculites scotti was collected from

about the level of the Corcoran member at Fourmile Creek.

The locations of these three fossil occurrences are shown

on figure 4. Fossil determinations and age designations

were made by W. A. Cobban of the U. S. Geological Survey.

Fossil data collected by the writer is supported by

data that is shown by Zapp and Cobban (1960, p. B-247).

Zapp and Cobban shown that Exlteloceras 1ennevi has been

collected from the top of a thin sandstone (Cozzette of

this paper) at North Thompson Creek, and that Didymoceras

nebrascense has been collected from just above a thin coaly

unit (within the Corcoran of this paper) at New Castle.

These two fossil locations are shown on figure 4. The

electric log correlation across the Piceance basin, by the

writer, is also supported by fossil evidence from Zapp and
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Cobban (1960) , who. show that Dldymoceras stevensonl has been

collected from about the stratigraphic level of the Cozzette

member northwest of Cedaredge, Colorado.
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ECONOMICS

Prior to Marcli, 1960, 45 veils liad beep drilled into the

Mancos-Mesaverde transition zone vithin the area bounded

by T. 6-12 S., R. 90-101 W. Of these 45 veils, 20 reported

substantial amounts of gas from sandstones vithin the trans

ition zone. Oil production vas reported from one of these

veils from the Cozzette member. Table 1 is a chronological

listing of the tests. The first successful test v?as the

Great Basins Petroleum Co. No. 1 Unit, vhich vas completed

in 1955.

The largest Icnovn gas field in the southeastern Pice-

ance basin is the Divide Creek field, vhich vas discovered

in 1956. Berry (1959, p. 89) reports that the Divide CreeTc

Unit includes 15,706.81 acres. The extent of other fields

vithin the basin is not yet Tcnovn. Millison (1960) believes

that the southern part of the Piceance basin vill ultimately
1

57



T 919 58

TABLE I

Chronological listing of wells drilled into or through
the Mancos-Mesaverde intertonguing interval in the Piceance
basin, Colorado (to March, 1960).

1924

1937

date; completed
OR

WELL LOCATION TEMPORARILY ABANDONED

Grand River Oil & 29-8S—97W 1913
Gas Company

Lloyd-Dudley No. 1

Continental Oil

Producing Co.

Quigley No. 1

Midwest Drilling

and Development Co.
Calahan No. 1

Phillips Petr. Co.

Pray-Govt. No. 1

♦Great Basins
Petrolevun
Unit No. 1

Andrews, Haugh,
and Cooper
Government No. 1

Gulf Oil Corp.
Mulrooney No. 1

♦Great Basins
Petroleum

Unit No. 3

♦indicates a reported gas discovery in transition zone; in
some cases the well may also have gas in other intervals.

LOCATION

29-8S-97W

25-8S-98W

30-8S-97W

"31-8S-98W

29-8S-100W

30-8S-99W

29-8S-97W

32-8S-100W

9-24-54

1-14-55

5-21-55

7-7-55

10-3-55
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WELL

♦Great Basins
Petroletun
Unit No. 2 (oil v^ell)

California Co. Hurd-
Govt. No. 1

F. R. Anderson
Govt. No. 24-29

Great Basins
Petroleum
Govt. No. 1

R. L. Demaree
Govt. No. 1

Pure Oil Co.
Govt. No. 1

♦Sun Oil Co. Kurd
No. 1

W. J. Mason
Govt. No. 1

Oroco Oil & Gas
Federal No. 1

Union Oil Co.
Overland No. 1

♦Sun Oil Co.
Divide Creelc No. 2

LOCATION

29-8S-100W

36-8S-91W

29-9S-98W

10-8S-100W

10-9S-100W

24-8S-101W

36-8S-91W

9-8S-101W

12-8S-97W

13-11S-92W

26-8S-91W

59

DATE COMPLETED
OR

TEMPORARILY ABANDONED

11-55?

11-17-55

11-28-55

12-55?

4-20-56

8-6-56

10-21-56

12-56

9-29-57

10-29-57

12-12-57

♦indicates a reported gas discovery in transition zone; in
some cases tlie well may also liave gas in other intervals.
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WELL LOCATION

El Paso Natural Gas 14~7S-99W

Nickols Federal No. 1

♦Southern Union Gas

Juhan Federal No. 1

26~6S-94W

Compass Exploration
Govt.-Williams No. 1

1-10S-97W

*Sun Oil Co.

Divide Creek No. 3
23-8S-91W

♦Sun Oil Co.

Divide Creek No. 4
14-8S-91W

R. L. Bayless
Govt. No. 1

23-8S-101W

♦El Paso Natural Gas
Conoco Govt. No. 1

8-9S-92W

♦El Paso Natural Gas

Skyline Hittle No. 1
12-10S-96W

♦Sun Oil Co.

Divide Creek No. 6

4-8S-91W

♦Sun Oil Co.

Divide Creek No,

10-8S-91W

El Paso Natural Gas
Standard Shale No. 1

6-7S-99W

♦Tennessee Gas
Transmission

Currier No. 1

19-10S-95W

DATE COMPLETED
OR

TEMPORARILY ABANDONED

12-15-57

6-4-58

6-19-58

8-31-58

9-1-58

9-18-58

9-25-58

9-26-58

11-11-58

11-14-58

12-24-58

2-16-59

♦indicates a reported gas discovery in transition zone; in
some cases the well may also have gas in other intervals.
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WELL

W. B. Blankenship

Pure Govt. No. 1

El Paso Natural Gas

Leon Creek No. 1

♦California Co.

Baldy CreeTc No. 1

Pan American Petr.
Walck No. 1

El Paso Natural Gas
Rushmore No. 1

El Paso Natural Gas
Roan Creek No. 2

♦California Co.

Shaeffer No, 1

♦Sun Oil Co.

Divide Creek No. 7

Sun Oil Co.

Divide Creek No. 9

♦Union Oil Co.
Buzzard Creek No. 1

♦Mountain States
Boulton

♦Sun Oil Co.
Divide Creek No. 10

LOCATION

19-8S~100W

29-10S-93W

17-7S-90W

12-10S-95W

1-10S-96W

22-6S-100W

12«'.7S-93W

15-8S-91W

22~8S-91W

12-9S-.93WJ

22-7S~91W

27-8S-91W

DATE COMPLETED
OR

TEMPORARILY ABANDONED

3-29-59

7-20-59

8-7-59

8-17-59

9-13-59

9-16-59

10-9-59

10-9-59

10-14-59

10-23-59

12-15-59

12-21-59

♦Indicates a reported gas discovery in transition zone; in
some cases the veil may also have gas in other intervals.
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LOCATION

22-9S-92W

36-7S-92W

DATE COMPLETED

OR

TEMPORARILY ABANDONED

1-19-60

WELL

♦El Paso Natural Gas
Hell's Gulch No. 1

Sun Oil Co.
Philpott No. 1

♦Indicates a reported gas discovery in transition zone; in
some cases the well may also have gas in other intervals.

1-19-60

(Information from Petroleiim Information Corp.; Millison,
1960; Berry, 1959; and HendricTcson, 1938).



T 919

prove to be one large gas field, such as tha Pictured Cliffs

field of the San Juan basin.

Until late 1960, all gas wells drilled in the south

eastern Piceance basin were shut-in wells, because there

were no pipeline facilities in this portion of the basin.

In November, 1960, the Rocky Mountain Natural Gas Co. part

ially completed pipeline facilities to seven of the shut-in

wells. The producing horizons of four of these wells are

in either the Corcoran member or the Cozzette member or

both. Reserve figures for the four wells producing from

the Corcoran or Cozzette members are listed below.

WELL

El Pasp Nat. Gas Co.
Skyline Kittle No. 1
12-10S-96W

INTERVAL

Cozzette

Corcoran

ESTIMATED

RESERVES

7,281,000 Mcf

18,748,800 Mcf

Tennessee Gas Trans. Co. Cozzette

Currier No. 1 Corcoran

19-10S-95W

El Paso Nat. Gas Co. Cozzette

Conoco Govt. No.■1
8-9S-92W

Union Oil Co. of Calif. Cozzette
Buzzard Creek No. 1
12-9S-93W

7,281,000 Mcf
18,748,800 Mcf

22,371,800 Mcf

22,371,800 Mcf

(figures from Polumbus and Low, 1960, p. 9)
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Gas which meets the minimum standards is currently

priced at $0.15 per thousand cubic feet. If the above re

serve estimates are correct, the STcyline Hittle No. 1 and

the Currier No. 1 wells have reserves valued at about $3,9

million, and the other two wells have reserves valued at

about $3.4 million, at the current marTcet price.

The area served by the RocTcy Mountain Natural Gas Co.

pipeline is very small, and according to the Company (1960)

only about one additional gas well will be needed per year

to supply future needs. It is probable that, when sufficient

reserves are developed within the basin, pipeline connec

tions will be made to supply areas with larger populations.

Development of the southern Piceance basin has been

slow for the following reasons:

1. The lack of a market for gas that is discovered.

2. Drilling depth to the Corcoran and Cozzette members

is in excess of 4000 feet within the major part of

the known productive area,

3. The porosity and permeability of sandstones of the

Corcoran and Cozzette members is very low, and ini

tial production rates are proportionately low, ex

cept where fracturing of the sandstones has in

creased porosity and permeability.
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CONCLUSIONS

From the foregoing data and discussion, the following

conclusions are considered significant:

1. The gas-bearing sandstones that lie within the

Mancos shale in the southern Piceance basin, Colorado, are

in the Corcoran and Cozzette members of the Mesaverde forma*

tion. These members can be traced across the basin from

the outcrop along the Boole Cliffs to the outcrop along the

Grand Hogbaclc, and can be correlated with the nonmarine

portion of the lies formation of northwestern Colorado.

Paleontological evidence substantiates these correlations

and places the Corcoran and the Cozzette stratigraphically

above the base of the Baculites scotti zone and below the

top of the Exiteloceras ienneyi zone.

2. The Rollins sandstone of the southern Piceance

basin is the lithogenetic equivalent of the Trout Creek
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sandstone of northwestern Colorado. This correlation is

substantiated by paleontological evidence.

3. Shoreline trends of the Corcoran, Cozzette, and

Sego members are east-northeast. This trend diverges

markedly from the general north-south trend of the shore

line for the Western Interior as a whole.

4. Shorelines of the Corcoran and Cozzette members

did not reach the southernmost portion of the Piceance

basin, and in the portion of the basin where most gas

discoveries have been made, the sands of these members were

deposited seaward from the shoreline in an environment of low

to moderate wave and current action. Therefore, the sand

stones are silty and generally have low permeability and

porosity.
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Section of the Rollins sandstone member of the Mesa—
verde formation and the upper 1409 feet of the Mancos
shale at North Thompson Creek in sec. 35, T. 8 S., R, 89 W.
Measurement begins with the top of the Rollins sandstone.

Upper Cretaceous:

Mesaverde formation:

Rollins sandstone member:

Sandstone,

Thickness

(feet)
light-brown to gray-white,

medivim-grained, medixom-hard to soft

and friable, argillaceous, massive-

bedded; weathers white to brown, con
tains occasional limonitic concretions

and abundant grains of black chert;

has a few thin shale streaks near base

forms a prominent ledge overlain by
mineable coals 100

Total Rollins sandstone member, 100

-Transitional contact-

Mancos shale:

Shale, dark-gray to light-gray, and
numerous sandstone and siltstone

beds to two feet thick which form

an estimated 30 percent of the up
per part and become less abundant

in the lower part; sandstones and

siltstones are light to dark brown,

calcareous, ripple marked, and con

tain Ostrea, Inoceramus prisms, and
*Ophiomorpha 296

*The name Ophiomorpha is herein applied to the fossil
commonly called Halymenites. See Hanstzshel, 1952.
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Pt.

Shale, dark-gray to black; upper por
tion contains occasional fine

grained thin-bedded sandstones and
calcareous concretions v;hich wea

ther dark brown and are sparsely
^fossiliferous; lower part has ben-
tonitic streaks. 592

Cozzette member;

Sandstone, brown to gray-brown, very fine
grained, hard, calcareous, argillaceous,
thin-bedded; interbedded with thin shale
and siltstone streaks; has some worm

tracks and very low-angle cross-beds. . ̂

Total Cozzette member, ... 21

Shale, dark-gray to gray-brown, sandy
and silty, • • • •

Shale, dark-gray to black. ... .... 440

Sandstone, brown to gray brown, very fine
grained, thin-bedded, 10

main body of Mancos shale
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Section of the Rollins sandstone member of the Mesa'-
verde formation and the upper 1200 feet of the Mancos
shale at Pourmile Creek in sec. 34, T. 7 S., R. 88 W. Mea
surements begin with the top of the Rollins sandstone.

Upper Cretaceous:

Mesaverde formation:

Rollins sandstone member: Ft.

Sandstone, brown to white, medium-grained
thick- to massive-bedded; weathers dark-

brown to red-brown at top and white at
base; overlain by mineable coals....... 20

Shale, gray; with sandy streaks that con
tain Ostrea fragments.................. 24

Sandstone, dark-brown, fine-grained...... 1.5

Shale, gray...... 2

Sandstone, brown to white, fine- to medium-

grained, medium-hard to very soft and
friable near base, thick- to massive-

bedded; contains abundant Ostrea.other

I  pelecypods, and Ophiomoroha near base;
1  prominent ridge former................. 65

Total Rollins sandstone member... 112.5

—Transitional contact—

Mancos shale:

Shale, gray; with occasional dark-brown

thin-bedded sandstones and calcareous

concretions which weather dark brown... 200

Shale. gray, poorly exposed to covered... 523

Cozzette member:
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Sandstone, brown to dark-brown to Ft.

gray-white, calcareous, medium-hard
to hard; mostly thick-bedded wit^h

some thin beds and streaks of gray

shale ....CO.. 47

Total Cozzette member. 47

Shale, gray; with occasional calcareous
concretions oo.®..»«ooo.®o®.o............ 60

Shale, gray; poorly exposed to covered;
one concretion 280 feet below the base

of the Cozzette conta±ned Baculltes

scotti Cobban and Inoceramus sp., 370

main body of Mancos shale, poorly exposed to covered
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Section of the upper 914 feet of the Mancos shale at
South Canyon Creeic in sec. 15, To 6 S., R. 90 W. Measure
ment begins v?ith the lov#er part of the Rollins sandstone
member (Mesaverde) .

Upper Cretaceous:

Mesaverde formation:
Rollins sandstone member :

Sandstone, poorly exposed; forms a pro
minent ridge; overlain by lov;est coal
beds in Mesaverde formation.... o ?

Sandstone, dar'k-brovtfn, fine-grained; in
thin to one—foot beds ■with Qphiomorpha
interbedded about equally with gray

20
shale.oo.oo'oo®**"'"®**"*®"'"®***®***** —

Total Rollins sandstone member..«• ?

—Transitional contact—
Mancos shale:

Shale,gray covered to poorly exposed...«• 562

Cozzette member:

Sandstone, brown to gray-white, fine- to
medium—grained, calcareous, medium-
hard, massive-bedded; contains abundant
qrains of blacTc chert; forms a promi-

40
nent ridge...... •

Total Cozzette member.... 40

Shale, gray, covered to poorly exposed.. 244
Corcoran member:
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Sandstone, brown to gray-white, fine- to
medium-grained, medium-hard, argillaceous,

calcareous, massive-bedded; contains abun

dant grains of black chert and Qphiomorpha
in combination with underlying sandstones
forms a prominent ridge. 12

Shale, gray, and thin sandstones 8

Sandstone, same as 12-foot sandstone

a.^DO^^e •00....000.00.00...•♦••••••••••••• 15

Sandstone, brown, fine-grained, thin-bedded;
interbedded with gray shale«eoo.eo«.o.««. 8

Shale, gray; with numerous dark-brown, very
thin-bedded sandstones 20

Sandstone, brown, fine-grained; in very

thin to two-foot beds; interbedded with

gray shale 15

Total Corcoran member:. 78

main body of Mancos shale, mostly covered in upper part
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Section of the lies formation and the upper 650 feet
of the Mancos shale at the tov;n of Nev; Castle in sec. 31,
T. 5S., R. 90 W. Measurement begins v?ith the top of the
Trout CreeTc sandstone member of the lies formation.

Upper Cretaceous:

Mesaverde group:

Williams Forlc formation.

Transitional contact-
lies formation:

Trout CreeTc sandstone member:

Sandstone, brown to gray-white, medium-
grained, massive-bedded; weathers white
and is overlain by coals and burned
coal; forms prominent ridge along Grand
HogbacTc near New Castle

Total Trout CreeTc sandstone mexnber.... 55

Shale, gray, with some interbedded darlc—
brown sandstone and siltstone beds to
two feet thiclc., ...oo.oee..•»•«>....o.... 130

Shale, gray to brownish-gray; contains cal
careous concretions which weather darlc-

410
brown

Cozzette member:

Sandstone, brown to gray-brown or white,
medixim-grained, calcareous, massive-bed
ded; contains wood fragments and small
limonitic concretionary structures; forms
a prominent ridge at the town of New
Castle and along the Grand HogbacTc near
New Castle.. o

74

Sandstone, white, very-soft and friable
shaly o o o

/

_6

Total Cozzette member... 46
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Ft.

Shale, gray; has a. streaTc of thin"

bedded fine-grained sandstone in

middle 135

Corcoran member;

Sandstone, dark-brown, fine-grained, cal

careous, very thin-bedded to thin—bedded;

interbedded with gray shale . 22

Sandstone, brown to white, medium-grained

medium-hard, friable, massive-bedded..... 15

Coal and coaly shale 3

Sandstone, tan to gray-white, fine- to med
ium-grained, medium-hard, thick- to mass

ive-bedded; shows some cross-bedding and

has limonitic concretions; forms a ridge-

near New Castle; not so prominent a ridge
former along Grand Hogback as Cozzette... 27

SiItstone, white; one-foot carbonaceous and

coaly streaks at base and top............ 6

Shale, gray; interbedded with fine-grained

very thin-bedded to thick-bedded sand
stones and siltstones 15

Sandstone, tan, medixim-grained; one bed.... 4

Sandstone, dark-brown, fine-grained; in

very thin to one-foot beds; interbedded
with gray shale........ 25

Shale, gray, with minor sandstone interbeds 30

Sandstone, tan to dark-brown, fine-grained;

in very thin to two-foot beds; interbedded
with gray shale 34

Total Corcoran meniber..... 186

Total lies formation 962



T 919 76

Ft*

-Transitional contact-—

Manccs shale:

Shale/ gray; 'with occasional thin-bedded
sandstones and calcareous concretions;

not measured in detail 650

main body of Mancos shale
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Section of the lies formation and the upper 43 feet
of the Mancos shale at Harvey Gap in sec. 23, T. 58., R.
92 W. Measurements begin with the top of the Trout Creelc
sandstone member of the lies formation.

f-

I  ■ .

I  Upper Cretaceous:

Mesaverde group:

I  Williams Fork formation,
j  Transitional conta.ct-~-
j' lies formation:
I  Trout Creek sandstone member: Ft.

i  Sandstone, white to dark-brown,
\  fine- to medium-grained, massive-
I  to thick-bedded; ridge former;
I  overlain by burned coals 60
I

I  Sandstone, dark-brown, fine-grained,
I  calcareous; in beds to six feet;
I  interbedded with gray shale;
I  80 percent sandstone in uppet
I  portion to 50 percent in lower
f  part 64
I

f  , ■ , ■
f  Total Trout Creek sandstone member... 124

Shale, gray, marine; covered at Harvey
Gap, but examined on ridge one mile
west

Cozzette member:

391

I  Sandstone, brown to gray-brown, fine-
I  to medium-grained, medium-hard,
I  calcareous, massive-bedded; may
I  be somewhat thicker, as top is
I  . ., T C
I  poorly exposed.......
f
I  Sandstone, dark-brown to gray-brown,
I  fine-grained, calcareous; in very
i  thin to six-inch beds with Qphiomorpha
I  interbedded with gray shale * 32
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Ft.

Shale, gray, partly covered; lower
two to three feet probably car
bonaceous and coaly 25

Sandstone, brown to white, medium-

grained, medium-hard to soft,
friable, massive-bedded 20

Shale, gray to gray-brown; upper
15 feet is sandyo.«o. 41

Sandstone, dark-brown, fine-grained,
calcareous, very thin to four-inch
beds; interbedded with gray shale........ jL5

Total Cozzette member . 148

Shale, gray, and occasional thin dark-
brown sandstones 96

Corcoran member:

Sandstone, dark-brown to gray-white,
fine- to medixHti-grained, medium-
hard, friable, slightly calcareous 40

Coal......BOO..... 6

Shale and mudstone, white 4

Coal...

Shale and mudstone, white 8

Coal. 3
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Ft.

Sandstone, 'darlc-brov^n to gray-v;hite,

fine- to medium-grained, medium-

hard, slightly calcareous, mas
sive-bedded; contains limonitic

concretionary structures and

Qphiomorpha impressions; has thin
streaTcs of carbonaceous material

near top® 47

Sandstone, tan to darT<:-brov;n, fine
grained, calcareous; in beds to two •
feet thick; interbedded with gray

shale; contains Qphiomorpha

Total Corcoran member... 153

Shale, gray to gray-brown, and oc
casional <lark-brown sandstone and
siltstone beds to one-foot thick... 55

Segd? member :

Sandstone, dark-brown to gray-brown
very fine-grained, hard, calcar
eous, thick-bedded; alternates with
thin shales 2^

Total Sego? member • 22

Total lies formation.••••..... 990

-Transitional contact—

Mancos shale:

Shale, gray, silty 20

Shale, gray
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Ft.

Sandstone, brov/n to gray~brov?n, very

fine-grained, calcareous; in beds

to one-foot thick; interbedded

v?ith gray shale., 9

main body of Mancos shale, probably contains sandy
and concretionary streaks in upper part, but is
not exposed.
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Section of tlie lies formation and the upper 750 feet
of the Mancos shale at Rifle Gap in sees. 7 and 8, T. 5 S,,
R, 92 W. Measurements begin with the top of the Trout
CreeTc sandstone member of the lies formation in sec. 7.

Upper Cretaceous;

Mesaverde group:

Williams Fork formation,

——Transitional contact——

lies formation:

Trout Creek sandstone member: Ft.

Sandstone, brown to white, medium-

grained, medium-hard, massive-
bedded to thin-bedded; overlain by

burned coals; prominent ridge

former along Grand Hogback,............ 101

Total Trout Creek sandstone member... 101

Shale, gray, marine, partly covered...... 334

Cozzette member:

Sandstone, dark-brown, fine-grained;
contains abundant Ostrea sp. some

beds almost Ostrea coquinas; inter-

bedded with gray shale................. 2,0

I  Sandstone, brown to gray-brown, fine-
I  to medium-grained, medium-hard, mas

sive-bedded 30

1

Shale, dark-gray, and fine-grained
}  dark-brown sandstone beds up to

three-feet thick 31

I  ' '
1  Sandstone, dark-brown, fine-grained 5I

}  Shale, dark-gray, and thin sandstones.••• 15

!  Shale, carbonaceous 2I
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Sandstone, darlc-brown to v;hite, fine
grained

Shale, gray.

Shale and mudstone, carbonaceous and
coaly....

Sandstone, darTc-brov;n, fine

grained; bleached v/hite at top......

Shale, gray, and occasional thin
sandstone

Shale, gray

Sandstone, darlc-brovjn to v/hite, medium-
grained, medium-hard, thicTc- to massive-
bedded; v;ith up to six-inch shale sifreaks
near base and impressions of Inoceramus
and Qphiomorpha near top

Ft.

3

6

19

Sandstone, dark-brown, fine-grained,
massive-bedded

19

Total Cozzette member 19®

Shale, gray to brown-gray, marine 43

Corcoran member:

Sandstone, dark-brown, fine-grained...... 3

Shale, gray to gray-brown, partly
covered; may be in part carbonaceous
near base .................

Top of clinkered interval at Rifle
Gap, section offset one-half mile
east along Grand Hogback to sec. 8,
T. 8 S., R. 92 W.

50
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Coal and carbonaceous shale (burned
at Rifle Gap) ... -

Ft.

7

Sandstone, brown to white, medium-
grained, thicTc- to massive-bedded;
with streaks of carbonaceous shale

.... 45
near top

21
Coal and carbonaceous shale

Sandstone, brown to white, medium—
grained, medium—hard, friable,
massive—bedded, contains small
( to one-inch) limonitic concre-
tionary structures —

Total Corcoran member 10®

Shale, gray to brownish-gray, with
numerous dark-brown sandstone
beds to one—foot thick which con
tain impressions of Ophiomorph.a
and Inoceramus

Sego? member:

Sandstone, dark-brown, fine-grained,
calcareous; thick—bedded at bottom
and top with a zone of thin-bedded
sandstone and gray shale in middle;
sandstone contains Qpbiomorpha.

Total Sego? member ^6

Total lies formation. • 974

—Transitional contact
Mancos shale:

PIP,
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Shale, gray, and nvunerous thin to
tv?o-foot beds of darlc-brov;n fine
grained sandstone...

Ft.

22

Sandstone, dark-brov;n, fine-grained;
upper five feet has gray—shale in—
terbeds

Shale, gray and some thin dark-brown,
fine-grained sandstones, which contain
Inoceramus and Ophiomorpha.

interval of massive, calcareous,
fossiliferous concretions con

taining Didvmoceras sp. from
Baculites scotti faunal zone 8

Shale, gray, and occasional thin sand
stones and calcareous concretions
which weather dark brown; not
measured in detail, and much of
the interval is not exposed. 626

main body of Mancos shale
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Section of 899 feet of the lies formation at Piceance
Creelc in sec. 35, T. 3 S., R. 94 W, Measurement begins
with the top of the Trout Creelc sandstone member of the
lies formation.

Upper Cretaceous:

Mesaverde group:'
Williams Forlc formation.

—Transitional contact——
lies formation:

Trout Creelc sandstone member: Ft.

Sandstone, white, medium-grained,
■ massive-bedded; contains fer-^
ruginous concretions 30

Sandstone, brown, fine- to medium-
grained, massive— to thiclc—bedded;
weathers into a steep cliff

Sandstone, darlc-brown, fine-grained,
thiclc-bedded and thin beds

of gray shale —

Total Trout Creelc sandstone member.. 95

Shale, gray to brownish-gray;
partly covered; contains darlc-
gray calcareous concretions
which are sparsely fossiliferous,
and some thin sandy strealcs;
Baculites cf.JB. corrugatus
Elias and Inoceramus fragments
were collected from the upper
part of this shale sequence 265

Sandstone, brown to gray-white, fine-
to medium-grained, medium-hard,
calcareous, thiclc—bedded; contains
Ostrea fragments at top; may have
shaly strealcs
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Ft.

Sandstone, brown to white, medium-
brained, massive-bedded; contains
carbonaceous material

Coal and coaly shale 8

Sandstone 2

Shale, covered ^6

Shale, carbonaceous and coaly 4

Sandstone. 1

Shale, covered

Sandstone, brown, medium-grained,
soft; neither the top nor the
bottom is exposed ^

Shale, covered; may be largely carbonaceous • 58

Sandstone, white, medium-grained, soft;
with fragments of carbonaceous material.. 5

Sandstone, white, medium-grained, soft
to medium-hard, thich-bedded; con
tains abundant carbonaceous material..... 18

Coals and coaly shale; small pro
spect hole in this coal just
north of road at Piceance CreeTc

... 4
Gap

Sandstone, white, medium-grained,
medium-hard to soft, friable;
contains abundant carbonaceous
material; a gas seep issues
from this sandstone in road cut
at Piceance CreeTc Gap..... 20
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Shale, gray, and occasional thin
sandstones

Sandstone, dar'k"brov;n, fine-grained;
v)ith gray shale interbeds..

Shale, gray to brov?n, partly covered;
probably has carbonaceous streaTcs..

Pt.

34

5

15
Shale, carbonaceous

30

Sandstone, dearlc.-brov?n to white,
I  medium--grained, hard to soft
\  and friable, massive-bedded..® ®
I'

i  ■ " ■ "
I  Shale, gray to brown, partly covered;

with minor dar"k-brown very thin-
^  bedded sandstones; probably in part

212
^  carbonaceous.,.0®®®®®®®..•»•••••••••••
I  .

O

t  Coal and carbonaceous shale

f
I  Sandstone,, brown to white, medixim-
I  grained, medium-hard, friable, itias"*
I  sive-bedded; forms a ridge at
I  Piceance Creek.. .o® ® ® «.

f  Shale, gray to brownish-gray,
j  marine, partly covered; con-
I  tains at least three thick
j  sandstones in the upper 1000
I  feet; interval not measured """
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Section of the lies formation in the White River
Canyon about one mile v>est of MeeTcer in Sec. 28, T. I N.,
R. 94 W. Measurement begins v>ith the top of the Trout Creek
sandstone member of the lies formation, just below abandoned
Fairfield mine. -

Upper Cretaceous;

Mesaverde group:

Williams Pork formation.

—Transitional contact——

lies formation

Trout Creek sandstone member: Ft.

Sandstone, white, medium-grained,
' massive-bedded? directly over

lain by Fairfield coals

Sandstone and ghale?, covered... 13

Sandstone, white to buff, medixim-
grained, medium-hard, friable,
massive—bedded; interfingers

with shale at base, forms a.

rounded cliff 70_

Total Trout Creek sandstone member..... 101

Shale, gray to brown, sandy........* 8

Sandstone, dark-brown, fine-
■  grained; contains Qphiomorpha............. 4

Shale, gray to brownish-gray,
nia.rine; with occasional dark—brown
fine-grained sandstones to one-
foot thick and calcareous con

cretions; carbonaceous near base 165

i
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Ft.

Sandstone •white to darh'-brown, med
ium-grained, medium-hard to very

soft, friable, massive-bedded?

contains abundant carbonaceous

material and streams of car

bonaceous shale and coal; con

tains Ostrea at top 31

Shale, carbonaceoas and coaly, or

sandy? with occasional (6 beds)
sandstone beds one- to five feet

thick, with a. total thickness of

15 feet? a piece of sandstone

float was collected from 25 feet

below top of this interval con

taining a specimen of Ostrea,

and other sandstone float in

this inter'v'al was observed to

contain Qphiomorpha 136

Sandstone, dark-brown, very thin-

bedded? interbedded with gray

shale 20

Coal and coaly shaleo00o.....o o •••. 11

Sandstone, white to brown, medixim-

grained, massive-bedded. . 40

Shale, light-gray, carbonaceous?

with lenticular sandstones to

seven feet thick with an aggre

gate thicknessjof 40 feet » 189

Sandstone, white to dark-brown,

thick-bedded. o. o. o 23

Shale, light-gray, carbonaceous 47
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Ft.

Sandstone, v?liite to darX-brown,

medium-grained, medium-hard;

in beds to two ̂feet thicX 9

Shale, light-gray, carbonaceous 17

Sandstone, brown to white, medium-

grained, medium-hard, thicX-bedded 18

Shale, light-gray, carbonaceous 34

Sandstone, brown to white, medium-

grained, medium-hard, massive-bedded... 14

Shale, mostly carbonaceous; with
sandy streaXs 69

Sandstone, white to brown, medium-
grained, medium-hard, thicX to
massive-bedded...,. 20

Shale, light-gray, carbonaceous;
with sandy streaXs 23

Coal and coaly shale.,,, 10

Sandstone, light-brown to white or
yellowish-brown, medium-grained,
medium-hard to soft, friable,

massive-bedded 35

Shale, gray to brown-gray, marine;
with numerous darX-brown, fine
grained , thin-bedded sandstones........ 98

Sandstone, brown, fine-grained,

thicX- to thin-bedded; with a

streaX of coaly shale.................. 15
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1/

Sandstone, brown, fine- to medium-
grained, massive-bedded to thin-
bedded

Shale, brown-gray; with carbon
aceous streaks, partly covered.

I  —-Transitional contact
f  Mancos shale

91

Ft.

Shale, gray to brown-gray, marine,
and numerous brown, fine-grained^
thin-bedded sandstones

Shale, carbonaceous. ^

40

50

Sandstone, brown to reddish-brown,
medium-grained, massive-bedded
to thin-bedded

Total lies formation.......... 1332

pii^
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ABSTRACT

An area of 18 square miles, located along the structu

ral and topographic Grand HogbacTc about five miles north of

Rifle, Colorado, v>as mapped to define the structural fea

tures of the area and to make possible measurement of the

total Upper Cretaceous section at Rifle Gap,

Strata of from Cambrian to Pennsylvanian age are pre

sent vtfithin the subsurface of the mapped area. These strata

aggregate approximately 6300 feet in thickness. Several im

portant disconformities are present v;ithin this sequence.

Strata exposed vjithin the mapped area are from

Pennsylvanian to Tertiary in age. A total of 11,700 feet of

these strata \*ere measured; a summary of the measured

thidknesses is given belo^*;;

Williams Pork formation (Upper Cretaceous)...3708 feet

lies formation (Upper Cretaceous) 974

XIV
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Mancos shale (Upper and Lower Cretaceous)....5675

DaTcota sandstone (Lower Cretaceous) 77

Unconformity?—-—

Morrison formation (Jurassic)..,.. 470

Entrada sandstone (Jurassic) 158

Unconformity—

Chinle formation (Triassic).. 338

Unconformity

State Bridge formation (Triassic-Permian).... 165

Weber sandstone (Permian) 135

The mapped area is partially on the west-northwest-

striking 'portion of the Grand Hogback monocline and partially

on the transition zone between the steeply west-dipping beds

of the Hogback and the less steeply dipping beds on the

west flank of the White River uplift. Major structural

features of the area parallel the trend of the Grand Hog

back ( west—northwest). This structural direction may be a —

rejuvenated Precambrian trend. Evidence exists within the

mapped area for a compressive phase in the development of the

Grand Hogback. All significant structural features in this

part of western Colorado have been developed since Late

Cretaceous.

XV
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INTRODUCTION

An area of 18 square miles, including sees. 31-36,

T. 4 S., R. 92 W., and sees. 1-9 and 16-18, T. 5 S.,

R. 92 W., Garfield County, Colorado, v^as mapped to define

the geologic structure along a portion of the Grand Hogbaclc

and to make possible the measurement of the total Creta

ceous section at Rifle Gap, The southern boundary of the

ar6a is about five miles north of the town of Rifle, along

State highways 13 and 325 (fig. 15). State highway 325

continues through the mapped area, approximately bisecting

it, and proceeds north to a State fish hatchery. Unimproved

dirt roads give access to most of the area during the

summer months.

Elevations in the area range from 5800 feet on Rifle

CreeTc, at the south end of the mapped area, to over 8000

feet along the Grand Hogbaclc (fig. 16) . Only one stream

98
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Figure 16

Rifle Gap and the Grand Hogba.ck,
looking west from the flank of the White
River uplift. Mesa.verde beds that form
the Hogback dip steeply to the west. Re-
lief on the Hogback is about 2000 feet.
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vtfithin the area (East Rifle Creek) flows during the entire

year, and rainfall is rare during the summer months, conse

quently the land is of little value for farming, and the

main enterprise is sheep ranching. Sagebrush is the main

vegatation, but scattered oak brush and pines grow on the

uncleared areas.

Geologically, the area is situated on the northwest

trending portion of the Grand Hogback monocline and the

transition zone between the Hogback and the White River

uplift. Pennsylvanian to Tertiary sedimentary rocks are

exposed withinthe area and Cambrian to Pennsylvanian strata

are present in the subsurface. The total sedimentary, sec

tion, below the Tertiary, is about 18,000 feet thick.

PREVIOUS INVESTIGATIONS

The earliest geologic mapping in this part of western

Colorado was done by members of the Hayden survey. General

ized geological maps from the Hayden survey were reproduced

in several publications in the late 1800's and the early

1900's. Gale (1907, 1909, and 1910) included a geological

map of the Grand Hogback. Fischer and others (1944) mapped

the geology in the vicinity of the vanadium mines on East

Rifle Creek. Horn and Gere (1954) mapped a portion of the
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Grand Hogback near Rifle Gap in the course of a coal investi

gation. A map by Mull (1960) covers much of the area mapped

in this study. The only published maps are those of Hayden

and Gale.

METHOD OF INVESTIGATION

Field mapping was done durihg June and July of 1960,

and the area was field checked in September, 1960. Geo

logical data were plotted in the field on U. S. Forest

Service photographs at a scale of 1:20,000. A U. S. Forest

service 1:31,680 planimetric map was used as a base for the

final geologic map. Topographic control for the cross-sec

tion was obtained from the Army Map Service 1:250,000 Lead-

ville map. Stratigraphic sections were measured with a

plane table, and portions of sections were measured in de

tail with a Jacob staff or brunton and tape.
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SUBSURFACE STRATIGRAPHY

r  Only the uppermost portion of the Paleozoic sequence

is exposed in the mapped area. Roclcs of Precarribrian through

j  Pennsylvanian age are present in the subsurface v>ithin the

area. Figure 17 is a generalized stratigraphic section

i

f  of these strata.
f

i  In the White River uplift, Upper Cambrian strata rest

i  . . ■I  unconformably on a complex of metamorphic and igneous roclcs

:  of Precambrian age. The schistosity of Precarribrian roclcs
I
I  may have strongly influenced the present structural trends

I

'  of the map area. MacQuown (1945) states that the schistos-

I

I  ity of Precarribrian roclcs in the Glenwood Springs area
(

t  strikes N. 70® W., and that the northwest—striking portion

i  of the Grand Hogback may be controlled by this Precarribrian

I
structural trend.

I  . , , ' ,

?  The continuous sequence of Upper Carribrlan through

1

i  103
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FIGURE 17

Generalized composite stratigraphic fianlc
strata (belov. the State Bridge formatxon) ,959)
of the White River uplift (modified after Halig

Siltstone and shale/ red/ and
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Lower Ordovician roclcs is thought to represent a single trans-
■  iI  gressive phase, probably unbroken by unconformities in the
I  Glenwood Springs area (Berg, 1960, fig. 1). The quartzites
I

I  of the Sawatch formation indicate the transgression of Cam-

I  brian seas from the Cordilleran area into western Colorado
' I
i
i  during Late Cambrian. Limestones and dolomites of the Dot-

i  sero and Manitou formations demonstrate the continued pre-
I
I
t  ence of marine waters through the Early Ordovician.
I«  'I

I  Middle and Upper Ordovician, Silurian, and Lower and
f

I  Middle Devonian deposits have not been recognized in the
i

Glenwood Springs area. They were never deposited or have

been subsequently eroded (Berg, 1960, fig. 4; Johnson, 1945,

I  p. 30; Rothrock, 1960, p. 17).
I

f  Upper Devonian through Mississippian deposits represent

i  one and possibly two transgressive cycles. The beginning
I
f  . ■

i  of the first cycle is marked by quartzites and sandy car-

I  bonates of the Parting member of the Chaffee formation
II  (Upper Devonian), which are conformably overlain by lime-
I  stones and dolomites of the Dyer member of the Chaffee.

Many writers show Devonian deposits as being continuous

with the Leadville limestone (Mississippian), but the

existence of a weathered surface at the top of the Dyer
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dolomite (Tweto, 1949) and the presence of sandstones in the

basal part of the Leadville limestone (Oilman sandstone)
suggests an unconformity at the base of the Leadville.

Johnson (1945, p. 51) states that Mississippian strata rest

unconformably on older rocTcs. RothrocTc (1960, p. 18) shows

the Leadville limestone as being of Osagian age. If this is

correct, the hiatus at the base of the Leadville includes

at least the KinderhooTcian epoch.

The Leadville limestone was exposed to erosion after

it was deposited; this is indicated by the Molas formation?,

a regolith, which overlies the Leadville, and by cavernous

weathering of the limestone (Murray, 1958, p. 49). This

hiatus at the top of the Leadville represents Meramecian

through part of Early Pennsylvanian, because the Leadville

is osagian and the deposition of Pennsylvanian strata began

with Early, but not the earliest Pennsylvanian (Johnson,

1945, p. 53).

A thiclc unbrohen sequence of elastics, evaporites, and

limestones was deposited in the actively sinTcing trough

that occupied much of western Colorado during Pennsylvanian

and Permian. These strata are assigned to the Belden, Min-

turn, and Maroon formations. The upper part of this
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se<}uence is exposed wifhin tlie mapped airea and Is discussed

in more detail in the section entitled "surface strati

graphy."

None of the unconformities within the Paleozoic se

quence are known to be angular in the vicinity of the mapped

area, and no great thicknesses of strata are known to be

missing because of Paleozoic erosion. Structural movements

during this part of geologic time must have been largely

epirogenic in the immediate vicinity of the mapped area,

although mountain building must have taken place, in the

Ancestral Rocky Mountain area and the Uncompaghre positive

area, during the Pennsylvanian and Permian, to contribute

the great thicknesses of elastics which comprise the

Maroon formation.
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SURFACE STRATIGRAPHY"

Stratigraphic units v^ithin fhe mapped area are from

Pennsylvanian to Tertiary in age. Measurements were made

of 11,700 feet of these strata, beginning at the base of

the Weber sandstone (Permian) and terminating at the top of

the Mesaverde group (Upper Cretaceous). Measurements are

included in the appendix, and are graphically shown on fig

ure 18 .

MAROON FORMATION

Eldridge (1894) first applied the term Maroon to beds

above the Weber limestone (Pennsylvanian) and below the

Morrison formation (Jurassic) in the Crested Butte area,

Colorado. Murray (1958, p. 55) used the term Maroon, in

northwestern Colorado, to include beds between the Minturn

formation (Pennsylvanian) and the Weber sandstone (Permian)

In this paper the Weber sandstone is included with the

108
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Maroon formation.

The thicTcness of the Maroon formation, belov; the top

of the Weber sandstone, is shown by Hal^iarth (1959). as

3085 feet. Only the uppermost part of the Maroon is pres

ent within the mapped area, the top 135 feet of which is the

Weber sandstone. The Maroon of the mapped area is red silt-

stone and shale with occasional white, medium—grained, mass

ive-bedded sandstones.

Mallory (1958) shows that the elastics of the Maroon

formation were derived from two positive land masses. One

land mass occupied the approximate position of the present

Colorado Front Range and the other the approximate position

of the present Uncompaghre uplift. The coarse clastic ma

terial derived from these positive areas is though by

Mallory (1958, p. 20) to have possibly been deposited as

fans along the margins of the two positive areas. The

elastics become more fine grained away from the immediate

source areas, and may have been deposited on flood plains

of the inland seaway that surrounded the positive areas.

The area of study lay between the two ancient uplifts, emd

probably was the site of continuous deposition.

The upper boundary of the Maroon formation of the



T 919 110

mapped area is considered to be the top of the higher of two
I  ■
•i; ■ . ■ .

f  gray, oil-stained, massive-bedded sandstones, v/hich are

separated by a tortgue of red siltstone and shale. The

aggregate thiclcness of this unit (Weber sandstone) at East

Rifle Creelc is 135 feet. Brill (1944) correlated this

sandstone with the Weber sandstone of the Uinta Mountains.

Thompson (1949) called this sandstone the Schoolhouse sand,

and other writers have designated it the Schoolhouse tongue

of the Weber.

Thompson (1949) suggested that the Lyons sandstone of

the Colorado Front Range was formed as a beach sand from

the reworlced elastics of the Fountain formation. The Weber

sandstone is quite similar to the Lyons sandstone and

probably has the same origin. The Weber sandstone produces

oil in northwestern Colorado, and is heavily oil stained

at exposures along the Grand HogbacTc. Three test holes

have been drilled into the Weber sandstone, within the

mapped area. The Brush Drilling Co. No. 1 Bowen in sec. 3,

T. 5 S., R. 92 W., was reportedly completed as a produ

cing oil well in December, 1959, but was abandoned shortly

thereafter.

The Maroon formation is unfo^siliferous in the White
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River area, but on the basis of fossils from the Minturn

(Paradox) formation and the South Canyon Creelc dolomite,

Bass and Northrop (Halgarth, 1959) assigned a Pennsylvanian-

Permian age to the Maroon. Bissel and Childs (1958, p. 29)

interpret fossil evidence to indicate that the Weber sand

stone of northwest Colorado is entirely Permian and that

the Pennsylvanian-Permian boundary falls within the red

beds of the Maroon formation.,

STATE BRIDGE FORMATION

Donner (1949, p. 1228) named the red siltstones and

shales above the McCoy formation (Pennsylvanian), and below

a 10- to 15- foot Triassic conglomerate, the State Bridge

siltstone. Sharps (1955, p. 16) termed the rocTcs above the

Weber sandstone and below the Shinarump? conglomerate, in

northwestern Colorado, the State Bridge formation. Sharps

(1955) terminology is retained, because the rocTcs of this

interval form a convenient mappable unit.

The State Bridge formation is 165 feet thicTc at East

Rifle Creek, where it is underlain by the Weber sandstone

and overlain by the Shinarump? conglomerate. The lower

54 feet is red to gray-green siltstone and shale, capped by

a two-foot thicTc dolomitic limestone (South Canyon Creek
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dolomite), which has yielded fossils of Permian age (Bass

and Northrop, 1950, p. 1550). These beds have been termed

the Phosphoria? formation by Thomas and others (1945) and

the Park City formation by McKelvey (1956) . It is probable

that, on the basis of fossil evidence and stratigraphic po

sition, these strata are equivalent to a part of the

Phosphoria and Park City formations (Permian).

The siltstones and shales of the lower State Bridge

formation were probably deposited in a nonmarine to trans

itional environment, though some beds may have been depos-

ited in restricted areas of the sea. McKelvey and others

(1953, p. 58) state;

The redbed fades (of the Phosphoria) in
Wyoming and Utah have been interpreted by many

writers as of non-marine deposition, but the even

bedding and great latetal continuity of indivi

dual layers suggests a marine environment. The
presence of evaporites and absence of fossils
suggests, however, that the sea water was not of

normal composition and that marine circulation
was impeded locally. The bulk of the redbeds

are of terriginous origin, however, and they
indicate the direction in which land lay, even

though it may have been tens or scores of miles
from their seaward margin.

The State Bridge formation, above the South Canyon

Creek, is 109 feet thick, and consists largely of red silt-

stones and shales. These beds occupy much the same
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stratigraphic position as the MoenV-opi formation of the type

area and are equivalent, at least in part, to the MoenTcopi.
MacLachlan (McKee and others, 1959, p. 8) states.

As a result of recent studies in adjacent
areas, it no\i seems apparent that Lover Triass c
rrcL'are also present'in the State Bridge area

Thus, the upper part of the State Bridge
formation is assigned to interval A (MoenTcopi
formation).

I  The red beds of the Triassic portion of the State Bridge

f  formation vere probably derived from the Uncompa^re and
i  Ancestral RocTcy Mountain positive areas, vhich vere active

in Early Triassic time (McKee and others, 1959), and de

posited in a nonmarine environment. An early Triassic age

is indicated for the MoenTcopi in Arizona by marine in

vertebrate fossils (Reeside and others, 1957, p. 1457).

The exact position of the Permian-Triassic boundary is not

Tcnovn, and the boundary is arbitrarily placed at the top of

the South Canyon CreeTc.

Murray (1958) shovs an unconformity at the base of the

State Bridge formation in northvestern Colorado. Sharps

(1955, p. 16) believes that erosion removed the Weber
sandstone in areas of northvestern Colorado before deposition

of the State Bridge formation. Conglomeratic material in
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the upper portion of the Weber sandstone indicates the pre

sence of a nearby source area, but the writer does not be

lieve that any portion of the Weber sandstone was removed

before deposition of the State Bridge formation in the

mapped area. The upper surface of the State Bridge forma

tion (Permian-Lower Triassic) is probably an unconformity,

if the overlying conglomerate is equivalent to the Shinarump

conglomerate (Upper Triassic).

CHINLE FORMATION

The Chinle formation of the mapped area is 338 feet

thick. The lower eight feet is conglomeratic and the re

maining 330 feet is largely red beds. In many areas of

northwestern Colorado, a gray conglomerate (Shinarump?)

lies within the red beds of the Triassic system. This

conglomerate, where present, provides a basis for separating

the Chinle formation from the underlying State Bridge

formation. According to Reeside (Lovering and Johnson,

1953, p. 369) a conglomerate which rests on the State

Bridge formation is of Shinartimp aspect. Sharps (1955,

p. 16) reports that the Shinarump? conglomerate of north

western Colorado is a persistent unit, varying in thickness

from 38 to 240 feet.
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At East Rifle Creelc, the Shinarump? conglomerate con

sists of eight feet of gray quartz-pebble conglomerate and
conglomeratic sandstone (fig. 19). This conglomerate is

overlain by five feet of bentonitic siltstones and mudstones

and underlain by 13 feet of yello^^ and blue-green, benton

itic, gypsiferous mustones and thin gray limestones. The
bentonites associated v^ith the Shinarump? conglomerate of

the area of Study may be the best criterion for correlating

this unit v^ith the Shinarump of the type area in Arizona

(PoT^ell, 1873, p. 456-465). Much bentonite is included in

the Petrified Forest member (Chinle formation), which

lies above the basal, coarse-detrital rock sequence in

northern Arizona (McKee and others, 1959, p. 14-15).

According to MacLachlan (McKee and others, 1959, p. B), on

the basis of fossil plants (Daugherty, 1941, p. 9; reference

from McKee and others, 1959, p. 8) and on the consideration

that this conglomerate is part of the conformable Chinle

formation, the Shinarump is of Late Triassic age.

The Chinle formation above the Shinarump? conglomerate

is composed mainly of red siltstones and shales. The basal

five feet is bentonitic and two thin gray limestones are

present about 70 feet above the conglomerate. The
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Figure 19

The Shinarump? conglomerate
along State highway 325 near the
Rifle Creek vanadium mine. The
pick in the foreground gives the
scale of the photograph.
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uppermost few feet of the dominantly red colored Chlnle is

locally yellow. This yellow interval may be a result of

subaerial weathering, or the ferruginous material in the

Chinle may have been reduced by concentrations of carbonaceous

matter in the overlying Entrada sandstone. The ascending

sequence of coarse elastics, bentonitic claystones, red

elastics with thin limestones, and finally red beds only,

is similar to the generalized sequence of northern Arizona

and southern Utah.

The Chinle has been dated as Upper Triassic by Colbert

and Gregory (in Reeside and others, 1957) in Arizona.

Correlation of the Chinle from the type area in Arizona

(Gregory, 1916) to the mapped area is based on lithology

and stratigraphic position.

According to MacLachlan (McKee and others, 1959, p. 15)

the strata of the Chinle formation of western Colorado are

believed to have been deposited on an alluvial plain with

meandering streams, lalces, and mud flats. The source area

of the sediments was probably the Ancestral Rockies and the

Uncompaghre positive area.

ENTRADA SANDSTONE

The Entrada sandstone of the mapped area varies in
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thickness, but at East Rifle Creek it is 158 feet thick.

Two distinctive units are recognizable at East Rifle Creek.

The basal 35 feet is yellowish-white to light-brown, fine

grained, strongly cross-bedded sandstone, which forms steep

cliffs and is vanadium bearing (fig. 20). The upper 123

feet is white, fine- to medium-grained, friable, finely

cross-bedded sandstone,-which forms rounded cliffs or slopes

and is also vanadium bearing (fig. 20). The two units vary

in thickness in the vicinity of the area of study, and at

South Canyon Creek, near Glenwood Springs, only the upper

unit appears to be present. On the east side of Main Elk

Creek, the upper unit can be observed to thicken at the

expense of the lower unit (fig. 21). The contact between

these two units was closely examined at Main Elk Creek and

appears to be quite gradational.

The Entrada sandstone, of the type area in central

Utah, is part of the San Rafael group, and is underlain by

the Carmel formation and overlain by the Curtis formation.

The Entrada sandstone of Utah is considered to be of Late

Jurassic age partly on the basis of its stratigraphic po

sition between the Carmel and Curtis formations (Upper

Jurassic), which have been dated faunally, and partly
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Figure 20

The Entrada sandstone at the Rifle
Creek vanadium mine" The lower cross-
bedded ledge-forming unit is about 35
feet thick, and the upper unit, which
forms the rounded cliff, is 123 feet
thick.
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Figure 21

The Entrada sandstone on the east
side of Main Elk Creek. The lower unit
thins toward the bottom of the photograph
as it is replaced by the upper unit. The
contact between the two units is grada-
tional.
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because it appears to be represented in Montana by a

hiatus v?hich

1952, p. 962)

involves a part of the Upper Jurassic (Imlay,

The Entrada sandstone may become younger

from v>eist to ̂ ast, and the Entrada of northv;estern Colorado

may actually Ipe of the same age as the lov;er Curtis forma

tion in central Utah (Imlay, 1952, p. 963).

An unconiformity representing Early and Middle Juras-
I

sic time probably exists at the base of the Entrada sand

stone. Donnei^ (1949, p, 1230) reports that the Entrada

sandstone in t^he McCoy area, Colorado, rests unconformably
I

I  •

on underlying Triassic rocks. Baker and others (1936, p. 27)
I

correlate the |Entrada sandstone from northeast Utah to
Rifle Creek, and shov> it unconformably overlying Triassic

i

rocks and con:^ormably overlain by the Morrison formation.

A yellow-colorjed altered interval is present at the top of

the Chinle formation, \<hich may indicate subaerial weather-

■  i

ing (p. 117 this paper).

Gilluly ahd Reeside (1928, p. 78) believe that the

Entrada sandstone of eastern Utah was deposited largely in

an aqueous envJ^ronment, but that some beds suggest an
1

i

eolian origin. Baker and others (1936, p. 46 and 54) be

lieve that the clean light-colored fades of the Entrada



T 919
122

v)as largely wind-laid, and that the source area for sands

of the Entrada was in Idaho and western Montana.

MORRISON FORMATION ^

Eldridge (1896) named the Morrison formation for ex

posures near the town of Morrison, Colorado, Waldschmidt

and LeRoy (1944) proposed a new reference section at the

West Alameda Parkway road cut about two miles north of

Morrison.

The Morrison formation could not be measured in the

area of study, but was measured at Main Elk Creek just east

of the mapped area. At Main Elk Creek, the Morrison forma

tion is 470 feet thick and consists of two lithologic units.

The lower 203 feet is interbedded sandstone and variegated

shale. The sandstones are white to gray green or tan, fine

to medium grained, thick to massive bedded, and cross bedded.

The shales are red and green. A few thin, gray, fresh-water

limestones are present in the shale interval. This facies

of the Morrison formation was designated as the Salt Wash

member by Lupton (1914, p. 127). The upper 267 feet of the

Morrison formation at Main Elk Creek is green and red shale

and mudstone with occasional thin limestones and sandstones.

Gregory (1938) named this facies of the Morrison formation
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the Brushy Basin shale member for exposures at Brushy Basin,

San Juan County, Utah.

The age of the Morrison has been controversial for many

years. Balcer and others (1936) reviewed the literature pub

lished prior to 1936, concerning the age of the Morrison,

and concluded that it is of Late Jurassic age. Imlay (1952)

notes that at least a part of the Morrison must be of Kim-

eridgian age, but that its exact upper age limit is not

Icnown. Haun (1959) presented evidence for interfingering

of Morrison and Bakota strata and concluded that, if the

evidence is correct, the upper part of the Morrison is Early

Cretaceous in age.

The lower boundary of the Morrison formation is pro

bably conformable on the underlying Entrada sandstone.

Disagreement exists concerning the nature of the Morrison-

Dakota contact. In the mapped area, the contact between the

Morrison formation and the Dakota sandstone was picked as

the base of the lowermost persistent sandstone of the Da

kota. This sandstone is locally channeled into the green

shales and mudstones of the Morrison. This channeling is

evidence of local xinconformity, but does not demonstrate

regional relations. The contact is, therefore, shown as
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being questionably unconformable.

The Morrison formation Is entirely nonmarine, and the

elastics of the Morrison vjere probably derived from locally

positive areas. Goldman and Spencer (1941, p. 1765-1766)

suggest that the green clay and clay shales of the Morri

son formation may be altered volcanic material.

DAKOTA SANDSTONE

The name DaTcota v>as applied by MeeTc and Hayden (1862)

to 400 feet of sandstones, clay, and lignites of Cretaceous

age. The type locality is in DaTcota County, Nebraslca.

Various names have been used in western Colorado for the

transgressive Lower Cretaceous sequence that is called Da

Tcota in this paper, but these deposits can be correlated

regionally (Haun, 1959), and DaTcota terminology is retained.

The DaTcota sandstone of the mapped area is, in ascending

order, a light-tan, medium-grained, siliceous sandstone,

which is locally conglomeratic at the base, carbonaceous

nonmarine shale, gray marine? shale, and a. light-tan, sil

iceous, cliff-forming sandstone. The DaTcota varies in

thicTcness, but has a total thicTcness of 77 feet where it

was measured. The DaTcota sandstone of the area of study

is assigned an Early Cretaceous age, because it is overlain
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by about 60 feet of siliceous shale, v;hich is thought to be

correlatable to the Aspen or Movjry shale. The top of the

Mowry shale is shown by Cobban and .Reeside (1952, chart

106) to be the Upper Cretaceous-Lower Cretaceous boundary.

The upper boundary of the Dakota sandstone appears to

be continuous and gradational with the overlying siliceous

shale. The base of the lower sandstone is locally conglom

eratic and is channeled into the green shales and mudstones

of the Morrison formation. The environment of deposition

of the Dakota sandstone of the mapped area is not certain,

but it seems likely that the two widely distributed cliff-

forming sandstones were deposited in a marine environment.

The upper portion of the shale interval between the two

sandstones seems to be marine, while the lower portion is

coaly and nonmarine.

MANCOS SHALE

Several distinct facies are recognizable in the Mancos

shale of the area of study; these are, in stratigraphic or

der !

Gray sandy shale with thin sandstones
and calcareous concretions, (upper
most) 753 feet

ttL.
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Gray to gray-brown shale 4295 feet

Calcareous shale and thin limestones

(Niobrara) 195

Blaclc bentonitic shale 50

Thin sandstones and interbedded shale
(Frontier).,. 82

Blaclc bentonitic shale 240

Siliceous shale (Mowry or Aspen shale-
lowermost) 80

Total Mancos shale 5675 feet

The lower 60 feet of the Mancos shale is siliceous and

probably correlates with the Aspen or Mowry shale. The

Lower Cretaceous-Upper Cretaceous boundary is considered by

Cobban and Reeside (1952) to be at the top of the Mowry

shale.

Ostrea lugubris Conrad and Inoceramus dimidius White

collected from the sandy interval near the base of the

Mancos. These two fossils are short-ranged index species

and malce it possible to correlate this sandy interval with

the Frontier, Ferron, and Codell sandstones. Fragments of

Scaphites sp. were collected from the blaclc shales above

the sandy interval. Inoceramus deformis Meek, an index

fossil found in the Niobrara formation, was observed near
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the base of the calcareous interval, ntdymoceras sp. was

collected from a concretionary interval 119 feet below the

top of the Mancos. W. A. Cobban (oral communication), of

the U. S. Geological Survey, states that this fossil is

from the Baculites scotti fauna1 zone (Campanian). The

above evidence shows that the Mancos shale of the mapped

area ranges in age from Early Cretaceous (Albian) to Cam

panian. The entire sequence is thought to be conformable.

The northwest flanh of the San Juan Basin is the type

area of the Mancos shale (Cross, 1899). The Mancos shale

of the mapped area correlates with the Mancos shale, the

Mesaverde group, and part of the Lewis shale of the San

Juan basin.

The total thiclcness of the Mancos shale in the mapped

area is 5675 feet. This is greater than thiclcnesses given

for the Mancos in northwest Colorado, but includes at least

627 feet of strata at the base, not usually assigned to the

Mancos, and several hundred feet of strata at the top, which

become a part of the lies formation to the north. The

closest oil well that has penetrated the entire Mancos

shale is the California Co. Kurd Govt. No. 1 in sec. 36,

T. 8 S., R. 91 W. The thiclcness of the Mancos shale in
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this well is approximately 7025 feet (4510-11/535 feet),
but this thicTcness includes 1050 feet of strata that are
assigned to the Mesaverde at Rifle Gap. The thiclcness of
the Mancos shale in the Phillips Petroleum Co. No. 1 Mannel
in sec. 27, T. 1 N., R. 95 W., is about 4614 feet

(9986-14,600 feet), but the lies formation in this well in
cludes about 750 feet of beds that are a part of the Mancos

shale at Rifle Gap.

The Mancos shale was deposited entirely within a marine

environment. The presence of sands within the Mancos at

tests to marrowing of the Cretaceous seaway or increased

abundance of coarse material, while the limestones of the

calcareous interval were formed during times of more wide

spread inundation or decrease in the supply of sediment.

MESAVERDE GROUP

Steeply dipping sandstones of the Mesaverde group form

the Grand Hogbaclc, the most prominent structural and topo

graphic feature of the mapped area. The Mesaverde group

is divided into two formations, the basal lies formation,

and the overlying Williams PorTc formation. The total

thickness of the Mesaverde in the mapped area is 4682 feet.

Weimer (1959, p. 11) shows that the Mesaverde group of

128
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the Piceance basin is younger than the Mesaverde group of

the type area in the San Juan basin (Holmes, 1877). This

conclusion is substantiated by paleontological evidence,

discussed in Part I, which shows the lies formation of the

Grand HogbacTc to be younger than the Mesaverde group in the

type area. The Mesaverde group of the area of study is

from Campanian to Maestrichtian? in age.

lies Formation

The lies formation at Rifle Gap is 974 feet of marine

sandstone, marine shale, and nonmarine coals and carbona

ceous shale. The base was picked as the base of the lowest

well-developed sandstone, and the top was picked as the top

of the Trout Creek sandstone. This procedure is in accord

ance with that of Hancock (1925), who named the lies forma

tion. The lies formation is an intertonguing sequence,

transitional between the entirely marine Mancos shale and

the nonmarine deposits of the Williams Fork formation.

In the stratigraphic problem of Part I, the lies for

mation is subdivided into the Sego?, Corcoran, Cozzette,

and Trout Creek members (at Rifle Gap). For mapping pur

poses, the lies formation is considered as an entity, be

cause the members are not continuously exposed within the
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mapped area, and because it would be impractical to map

such stratigraphically restricted units.

Fossils and fossil fragments (mostly Inoceramus, Os-

trea, and Qphiomorpha) are abundant throughout the marine

portions of the lies formation, but no diagnostic species

were found within the area of study. By correlation with

other fossil localities along the Grand Hogback (fig. 4,

Part I), the lies can be dated as Campanian. Correlation

of the lies formation and the individual members of the

formation with strata in the type localities is discussed

in Part I.

Coals of economic importance are foxind within the

lies formation at Rifle Gap, and the Trout Creek sandstone

is overlain by mineable coals. Natural gas has been dis

covered in sandstones of the lies formation about 15 miles

southwest of Rifle Gap.

Williams Fork Formation

The Williams Fork formation at Rifle Gap is 3709 feet

thick, and is composed of sandstones, siltstones, shales,

and coals, which are all thought to have been deposited in

a nonmarine environment. The Williams Fork of the mapped

area is, in part, equivalent to the Williams Fork as
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defined by HancocX (1925), but also includes strata equiva

lent to the Lewis shale and Lance formation of northwestern

Colorado (Weiraer# 1959, p. 11),

The lower boundary of the Williams Porlc is within the

Campanian, and the entire formation is considered to be

Late Cretaceous in age (Cobban and Reeside, 1952), but no

paleontological evidence was obtained to demonstrate the

age of the upper contact. This contact is commonly suppos

ed to be the Cretaceous-Tertiary systemic boundary, but the
I

validity of this concept is difficult to demonstrate in an

entirely nonmarine sequence. The contact of the Williams

Porlc with the underlying lies formation is conformable,

but the contact between the Williams Porlc and the overlying

Wasatch formation may be unconformable.

Two coaly intervals are present in the Williams Porlc

formation at Rifle Gap. The lower coal interval directly

overlies the Trout Creek sandstone and is entirely burned

at Rifle Gap. This burned interval is 831 feet thick on

the east side of Rifle Gap, and probably contains many

coal seams. According to Horn and Gere (1954), the uppe^

interval contains one coal bed 2.5 feet thick.
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WASATCH FORMATION

Cretaceous strata at Rifle Gap are overlain by about

5500 feet (Donnell Jji Mull, 1960, p. 126) of lenticular

sandstones and variegated shales and mudstones, which may

have a conglomerate or conglomeratic sandstone at the base.

Only the lower part of this unit is present in the mapped

area. Lee (1912, p. 151) called the variegated sequence

the Wasatch formation in the southern Piceance basin, be

cause a lithologically similar unit was traced by Gale

(1910) from Coal Basin (T. 10 S., R. 89 W.) into south

western Wyoming, the type area of the Wasatch.

The basal conglomerate of the Tertiary is present just

east of Rifle Creelc on the south flank of the Grand Hog

back. At this location, about ten feet of light-yellow

conglomeratic sandstone lies on sandstones of the Mesa-

verde group. Lee (1912) called a similar conglomerate

Ohio Creek, in the Grand Mesa-West Elk Mountain area.

Cross (1892) named the Ohio Creek for exposures in

Gunnison County, Colorado. Cross (1892) and Lee (1912)

report that the Ohio Creek rests unconformably on older

strata. The only evidence for an unconformity in the

mapped area is tlie conglomerate. Beds of the Wasatch dip
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as steeply as those of the Mesaverde (fig. 22), and exhibit

no angular discordance with the Mesaverde.

Merriam (1954, p. 157) assigns a Paleocene age to the

lower Wasatch formation of the Piceance basin. This age

dating is based on fossil plants.

LANDSLIDE DEPOSITS

Heterogeneous rubble from the Morrison and Dakota

covers underlying strata in parts of the mapped area. No

attempt was made to map this material, because it has been

deeply weathered, and in some cases lies on bedrock material

of the same type.

In one instance the distribution of the material was

such that it suggested a landslide origin, and it is pro

bable that all of the material was emplaced by landslides.

The landslide deposits were probably formed during the

Quaternary.

STREAM ALLUVIUM

The valley of East Rifle Creek is covered by a thin

veneer of alluvium, composed of Paleozoic and Mesozoic

gravels, derived from exposures of these rocks farther

upstream. Recent rejuvenation of East Rifle Creek is

suggested by downcutting of this stream into the alluvium.
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Figure 22

Near vertical beds of the Wasatch for-
mation on the east side of Rifle Creek, along
the southwest side of the Grand Hogback at
Rifle Gap. The massive sandstone at the ex-
treme left edge of the photograph is Mesaverde.
Wasatch beds are truncated by pediment remnants,
which dip southward.
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STRUCTURAL GEOLOGY

The area of interest is located on the Grand HogbacTc

monocline and i^s transition zone v;ith the White River up

lift. Regionally, the area is on the v»est edge of the

Colorado mountain belt and on the east flanlc of the Piceance

basin, just east of the relatively undeformed Colorado

Plateau region. Strata dip gradually west and southwest

from the crest of the White River uplift, then abruptly

steepen to form the structural Grand Hogback monocline.

The mapped area is located partially on the steeply

(3j_pping beds of the Grand Hogback end partially on the

transition zone between the Hogback and the less steeply

inclined strata on the flank of the White River uplift.

PHYSICAL CHARACTER OP ROCK UNITS

Strata above the Precambrian along the White River

uplift can be divided into three groups, each of which

135
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probably deformed differently under stress. The lowermost

unit consists of about 1500 feet of limestone, dolomite,

and quartzite of Cainbrian through Pennsylvanian age. The

central unit consists of about 12,000 feet of relatively

incompetent shales and siltstones of Pennsylvanian through

Late Cretaceous age, which are interbedded with evaporites

in the lower 2000 feet and with sandstones through the

rest of the unit. The uppermost 5000 feet is the Mesa-

verde group, 25 percent of which is massive sandstone.

The writer feels that the lower competent unit has

probably deformed much the same as the Precambrian base

ment, that the middle incompetent unit has absorbed much

of the deformation that is expressed in the underlying

units, and that the structure inihe Mesaverde group broad

ly reflects basement structure, but that small-scale fea

tures have been absorbed by the incompetent layer. Small

structural features are present in the sandstones of the

Dalcota, Morrison, and Entrada, within the incompetent la

yer. These features may represent flowage or drag in the

incompetent layer, and they probably do not persist ver-
f  ■ .

tically.
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PRE-LARAMIDE STRUCTURAL HISTORY

Pre-Laramide (pre-Late Cretaceous) structural history

of the mapped area can only be evaluated in terms of uncon

formities that have been shown to exist, by other workers,

on a regional basis. No known angular discordance exists

within exposed pre-Upper Cretaceous strata* of the mapped

area, and no major structural features have been observed

to affect these strata, which did not also affect Upper

Cretaceous and early Tertiary rocks.

Unconformities are loelieved to have been formed during

the following time intervals: Early and Middle Cambrian,

Middle Ordovician through Middle Devonian, Kinderhookian

(Mississippian), Meramecian (Mississippian) through Early

Pennsylvanian (part), Middle Triassic, Early and Middle

Jhrassic, Late Jurassic and (or) Early Cretaceous (parts).

Active mountain building is believed to have taken place

in Colorado during parts of the Pennsylvanian and Permian

periods, but the portion of Colorado under consideration

was the site of continuous deposition during this time.

LARAMIDE AND POST-LARAMIDE STRUCTURAL FEATURES

All o£ the faults and foldsi of the mapped area and

vicinity were formed during and after the Laramide orogeny
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(Late Cretaceous-early Tertiary} . Tertiary strata v?ithin

the area of study are deformed equally as much as Cretaceous

strata, indicating that little, if any, movement toolc place

before the deposition of lower Tertiary beds. The presence

of coarse conglomeratic material at the base of the Tertiary

sequence shows that movement had begun in nearby areas by

Tertiary time, O'Boyle (in del Rio, 1960, p. 604) reports

that, except for epirogenic movement, northwestern Colo

rado has been relatively stable since Miocene time.

The major structural feature of the mapped area is

the Grand Hogback monocline, which is a local steepening

in the dip of strata on the west flank of the White River

uplift. Dips in the northern part of the area are about

20 degrees to the southwest, and remain generally less

than 30 degrees to within a mile of the topographic Grand

Hogback. Dips on the Hogback are 70 to 87 degrees south

west. This steepening causes the Piceance basin to be

quite asymmetric, with steep dips along the east side

(Grand Hogback) and with dips of generally less than 5

degrees on the west flank of the basin. The Grand Hogback

is readily identifiable as a topographic and structural

feature from near Meeker, Colorado, on the north to near
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Placita on the south (fig. 1, Part I). At the northern end

it seems to merge v;ith the southeast trending structural

pattern of the Uinta Mountains and on the south end it

passes into the Elk Mountain fault zone (Vanderwilt, 1937,

p. 87). Various interpretations have been made of the ori

gin of monoclines in general and of the Grand Hogback in

particular. Many early ■writers interpreted the monoclines

of the Colorado Plateau as having been formed by the draping

of sedimentary strata over deep-seated normal faults.

Baker (1935, p. 1500-1504) and Kelly (1955) utilize com-

pressive forces in explaining Colorado Plateau monoclines.

Some evidence of a compressional stage in the origin of the

Grand Hogback exists within the mapped area. Fischer and

others (1944) report south-dipping reverse faults, with

displacements up to one foot, in the mines within the

mapped area. The major fault of the mapped area (fig. 23)

is interpreted as a near vertical normal fault, which is

downthrown on the south. Drag folding along the fault

plane is the opposite of what would be expected from the

present displacement on the fault (that is, beds on the

downthrown side are dragged into an anticlinal bend).

This anomalous drag may be evidence that the fault was
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originally a reverse fault, wTiich was upthrown on the south

side.

The Grand Hoghaclc is not a linear feature, hut is

quite sinuous (fig. 1 Part I) ,, The mapped area lies on the

west-northwest trending portion of the Hoghaclc. MacQuown

(1945, p. 888) believes that this west-northwest hending -

suggests hasement control, because it parallels Precaxnbrian

schistosity of the White River uplift. The north trending

portion of the Hoghaclc cuts across Precaitihrian trends and

inore nearly conforms to the Late Cretaceous early Tertiary

structural pattern.

Folds

Two significant folds are present, in the area of in

terest, the syncline in the northeast corner and the anti

cline that crosses East Rifle Creelc (figs. 23 and 24). These

folds are on a structural terrace, which is formed by local

flattening of the strata on the flanlc of the White River

uplift (cross section A-A', fig. 23). The small anticlinal

structure is closed against the fault that lies to the north

of it, and the axis of the structure strilces into the zone

of drag folding along the south side of the fault. This

fold might he considered nothing more than a broadening of

iin
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Figure 24

Looking east down the axis of the
small anticlinal structure, where it
crosses East Rifle Creek. The Dakota

.sandstone forms the crest of the anti-
cline.
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the drag zone along the fault. It is probable that neither

of these folds exists at depth, becatise the strata beneath

them are relatively incompetent and probably absorb the

folds.

Faults

One major fault and a niimber of smaller faults v>ere

mapped. The major fault v^as traced for about five miles

across the northern part of the area (fig. 23). This fault

is interpreted as a vertical or very high-angle normal

fault, which is downthrown on the south. This fault has

about 300 feet of displacement, where it crosses East Rifle

CreeTc. The fault is excellently exposed where it crosses

an irrigation ditch in sec. 2, T« 8 S., R. 92 W.; at this

point the beds on the downthrown south side of the fault

have been dragged over into an anticlinal bend. This

drag is the reverse of what would be expected from the

present displacement on the fault. The writer believes the

fault was originally a south-dipping reverse fault, and

that after compressive forces ceased acting secondary move

ment took place, which caused clock-wise rotation of the

fault plane and reversal of movement along the fault.

Stark (1934) describes reversal of movement on thrust



T 919
143

faults in the Sawatch Range, and also states that the dip of

the fault planes of some low—angle reverse faults in that

area has been steepened by secondary movement.

A small fault cuts the axis of the anticlinal struc

ture at East Rifle Creek. This fault is interpreted as a

north-dipping normal fault, which has a displacement of not

more than 50 feet at the surface. The fault is interpreted

as cutting the strata in the Milo B. Siegel No. 1 V. Bowen,

because the thickness of the Chinle-State Bridge interval

in this well is less than would be expected from surface

measurements and from the log of the Cameron Oil No. 1

Bowen in sec. 20, T. 4 S,, R. 93 W.

No faults that are shown on the geologic map (fig. 23)

are interpreted as being reverse faults, but Fischer and

others (1944) state that south-dipping reverse faults with

displacements up to one foot are common in the mines within

the mapped area. No faults were observed to cut the Grand

Hogback within the area of interest, but Horn and Gere

(1954) report faults with displacements up to seven feet

in coal mines along the Hogback.

It can be seen from the geologic map (fig. 23) that

three fracture directions are developed. The major
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fractures parallel the trend of the Grand Hogback ( N. 70® -

80® W.), while the other two less-well-developed directions

form angles of from 40 to 75 degrees,with the major frac

tures. The pattern indicates that in this locality forces

acted south-southwest north-northeast. The major faults

developed as longitudinal fractures, and the other faults

developed as a set of conjugate shear fractures.
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GEOMORPHOLOGY

TERRACE GRAVELS

Remnants of terrace gravels are present along the

margins of East Rifle Creek, north of Rifle Gap. Cobbles

up to eight inches in diameter are included in these de

posits. These cobbles indicate a steeper stream gradient

or a greater stream flov> than exists at present, because

the gravels in the present stream bed are relatively fine.

PEDIMENTS

Remnants of a dissected pediment surface truncate

nearly vertical beds of the Wasatch formation along the

south flank of the Grand Hogback. These remnants lie well

above the present stream level and slope visibly southward

(fig, 22), It is certain that the Grand Hogback existed as

a topographic feature when the pediment was formed, because

it abuts against the Hogback midway up its slope.



T 919 146

STREAM PIRACY

Two rather deep canyons are present within the mapped

area, which have only intermittent streams flowing in them;

these are Red Canyon and Ward Gulch (figs. 23 and 25). Di

rectly south of each of these canyons there is an erosional

break in the Grand Hogback (Harvey Gap and Rifle Gap).

Rifle Creek flows through Rifle Gap, whereas Harvey Gap is

a wind gap.

Middle Rifle Creek and East Rifle Creek must have once

been tributaries of a stream that flowed down Ward Gulch,

because these streams do not flow directly through the Hog

back, but make southeast and northwest bends respectively

before flowing through the Gap that lies directly south of

Ward Gulch (fig. 25). Tributaries of Middle and East Rifle

Creeks apparently captured the headwaters of the stream

that flowed down Ward Gulch. The reason for this capture

was not determined.

No stream flows through Red Canyon or Harvey Gap at

present, but it appears to the writer that a stream did

flow through them until its headwaters were captured by

West Elk Creek, Main Elk Creek, and East Rifle Creek.
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ECONOMIC GEOLOGY

VANADIUM

Extensive vanadium deposits are present v;ithin the

mapped area/ but the mines are presently inactive. Fischer

and others (1944) report that about 500,000 tons of ore was

removed from the area prior to 1944, and that most of the

ore contained from one to three percent V20g. Mineraliza^

tion is primarily in the Entrada sandstone, but minor de

posits are present in the sandstones of the lower Morrison

formation.

No controls were suggested by Fischer and others (1944)

for localization of the ore, but they dp mention that much

of the ore-bearing sandstone contains carbonized plant re

mains. In addition, Fischer and others (1944) note a par

ticular association of ore deposits in the Entrada sand

stone with a reduced interval at the top of the underlying

red beds; this reduced interval could be associated with

148
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concentrations of organic material in the sandstones over

lying the red beds. Experiments by Garrels and Pommer

(1959) have shown that woody or coaly material can easily

be present in sufficient quantities to deposit typical ore

concentrations of vanadium from oxidized solutions,

OIL

Three test holes have been drilled on the small anti

clinal structure that crosses East Rifle Greek. Total

depths were from 1058 to 1231 feet, and all three holes

bottomed in or just below the Weber sandstone. The third

test was completed in 1959 by Brush Drilling Co., and was

reported as an oil well, but according to the property

owner (Mrs. V. Bowen, oral communication) it produced oil

for only six days.

COAL

Mineable coals are present in both the lies and Will

iams Fork formations. The stratigraphic position of several

coal seams is shown on figure 18. A number of seams are

present just above the Rollins sandstone, but these are not

measurable on the surface at Rifle Gap, because the entire

interval has been burned. Only one coal mine within the

mapped area is still active. The Haas mine in sec, 17,
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T. 5 S,, R. 94 W., supplies coal to the Rifle area,

ROAD SURFACING

The burned and baked shales, coals, and thin sands

from the lov;er Williams Fork formation are being utilized

as road surfacing. A borrow pit, from which this material

is being extracted, is located on- the north side of Rifle

Gap.



T 919

CONCLUSION

The total Upper Cretaceous section within the mapped

area is 10,297 feet thick. This thickness agrees well with

the isopach map that is shown by Haun and Weimer (1960,

p. 61) .

Major structural features of the mapped area parallel

the Grand Hogback at this point (N. 70° -80° W.). This

structural direction may be a rejuvenated Precambrian

trend, because Precambrian schistosity of the White River

uplift strikes west-northwest. Evidence exists within

the area of interest for a compressional phase during the

development of the Grand Hogback. The present structural

features in this portion of western Colorado probably did

not begin to develop until early Tertiary, because no angu

lar discordance exists between Cretaceous and Tertiary

beds. The presence of conglomeratic material at the base

151
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of the Tertiary sequence indicates that movements had been

initiated in nearby areas by early Tertiary.
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Section of the Mesaverde group and the Mancos shale
at Ward Gulch and Rifle Gap in sees. 6, 7, 8, and 18#

5 S., R. 92 W. Measurement begins with the Williams
Fork formation (Mesaverde group) in sec* 18*

Tertiary.

Wasatch formation.

—Unconformable contact?—-

Upper Cretaceous:

Mesaverde group: Pt*

Williams Fork formation:

Sandstone, dark-brown to light-brown
medium-grained^ massive-bedded;
with a four-foot streak of gray
shale in middle ...... 94

and ......e.**...*****.* 14

Sandstone. tan, massive-bedded....o*.**. 10

Shale, gray to gray-green; siltstone,
gray-green to purple, and tan

sandstone; interval partly covered... 103

Sandstone, tan to dark-brown or white,
fine- to medium-grained; with occa

sional streaks of siltstone and

shale up to two feet thick.... 119

Shale and siltstone, green to gray-
green, and sandstone; partly
covered.....o.............o , 69

Sandstone, tan to dark-brown, mas
sive bedded 26

Shale and siltstone 25

Shale, carbonaceous 1
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Ft.

Sandstone, tan to dark-brov^n, mas

sive-bedded» 35

Shale and siltstone. .oo».«.oooooo<.o.«.. 19

Sandstone, dark-brown, fine-grained,

massive-bedded ..ooooooo..<.o®o. 29

Sandstone; with interbedded

shale and siltstone o»oa«« «... 29

Shale and siltstone, gray to gray-
green ..0.<,.0.0..0<>..0. 84

Sandstone, tan, fine-grained, mas

sive-bedded » 22

Sandstone,brown. fine-grained;
with gray-green siltstone and

shale streaks.<.o.«oooo<,oo«<,.oo#«.«.« 18

Shale and siltstone, covered 75

^^j^ld^St^jne^ o«oooooooooeeooooooooaoaaaao*a 7

Shale and siltstone, coverede. 27

Sandstone, brown, thick-bedded.»«.•«.*. 29

Shale and siltstone, covered 117

Shale, covered; traces of coal on

surface..... o... a.... o 14

Sandstone, dark-brown, massive-

bedded ..ooe..oooooo«..o..o«..a..0... 45

Shale and siltstone, gray to gray-*
green; with occasional thin-

bedded brown sandstones..•••••a•«... 12

Shale and siltstone, partly covered.... 90
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Ft,

Sandstone?, covered.,,,o»»o«»».o....... 9

Shale and slltstone, covered o,,,,. 151

Sandstone, gray-v;hite, medium-

grained, massive-bedded; not

v;ell exposed, o. B. o o.. o.. o........... 33

Shale, gray to gray-green, and

siltstone gray-green to purple;
mostly covered; may be some sand
stone 268

Shale, and gray-green siltstone b. 96

Shale, covered 48

Shale, gray to gray-green; with

occasional gray-green siltstones..,. 97

Sandstone 9

Shale, covered......................... 182

Sandstone, brown, and siltstone 11

Sandstone, dark-brown; with streaks

of gray shale and siltstone,....«... 48

Shale, gray to brownish-gray.......,,,. 47

Sandstone, brown, medium-grained;
with interbedded dark-gray to
gray-green, ripple-marked silt

stone 50

Shale. covered....... 38

Sandstone, brown.....a................. 5

Shale, covered 18
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Ft.
Sandstone and slltstone 4

Shale, covered 19

Shale, and occasional gray
slltstone, mostly covered 122

Sandstone, brown, massive-bedded 29

Shale, dark-gray to dark-brown
partly covered with some thin
dark-brown sandstones.. 87

Sandstone, brown, fine-grained,
massive-to thick-bedded..... 64

Shale, mostly covered 40

Sandstone. dark-brown, massive-
bedded 16

Shale, mostly covered; with sev
eral two- to three-foot sand
stone beds 130

Sandstone. covered 3

Shale, gray to gray-brown, partly
covered; with several sandstone
beds to three' -feet thick 95

Sandstone. tan, fine-grained 9

Shale, gray to gray-brown, partly
covered 31

Shale, burned and clinkered; prob
ably highly carbonaceous 453

Sandstone. tan to white,; medium-
grained, massive- to thin-bedded,.,, 45
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Shale, burned and clinlcered; prob

ably highly carbonaceous; at the
base of this interval are mine
able coals of unknown thickness.,.,.,. 328

Total Williams Fork formation,., 3708

—Transitional contact-—

lies formation:

The total lies formation is included in the
appendix of Part I.

Total lies formation 974

Total Mesaverde group 4682

—Transitional contact——

Mancos shale:

Shale, gray, and numerous thin to

two-foot beds of dark-^orown,
fine-grained sandstone.. 22

Sandstone. dark-brown, fine
grained; upper five feet has ^
gray-shale interbeds 9

Shale, gray, and some thin dark-
brown, fine-grained sandstones
which contain Inoceramus and

Ophiomorpha 99

interval of massive, calcareous,
fossiliferous concretions con

taining Didvmoceras sp. from
Baculites scotti faunal zone 8

Shale, gray, and occasional thin
sandstones and calcareous con
cretions which weather dark

brown; not measured in detail
and much of the interval is not exposed, 626
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Ft,

Shale, light- to dark-gray or brown
ish-gray; becomes calcareous

toward base; upper 1000 feet

covered o..o 4295

Shale, white to light-gray, calcar
eous; with occasional dark-gray
hard limestone beds to two feet

thick; limestones contain

Inoceramus deformis (Niobrara) 191

Limestone, dark-gray, hard (Niobrara),.,,., 4

Shale, black; with bentonitic streaks

and ammonite fragments... 50

Sandstone, dark-brown to gray-brown,
fine-grained, calcareous, thin-

bedded, ripple-marked; contain
abundant fossils including Ostrea
luqubris, Ostrea sp,, and Inoceramus
dimidius; interbedded with shales

which are mostly gray but may
occasionally be carbonaceous (Frontier), 82

Shale, black, bentonitic 240

Transitional contact—

Lower Cretaceous:

Shale, black to red-brown, siliceous,
(Mowry) ; 60

Total Mancos shale 5675

-Transitional contact

Dakota sandstone:
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Section of the Dakota sandstone in NE 1/4 sec. 4,
T. 5 S., R. 92 W.

Lovjer Cretaceous:

Mancos shale.

-Transitional contact

Dakota sandstone: pj.

Sandstone, light-tan to yellov^ish-
tan, fine-grained, silty, hard
and siliceous to friable; mas
sive-bedded at base vvith some
gray shale streaks at top; pro
minent ridge former through
out area ^

24

Shale, light-gray in upper two-
thirds to carbonaceous and al
most coaly at base 21

Sandstone, tan, fine-grained, sili
ceous, massive—bedded; thickness

variable grades into basal con
glomerate. 20

Conglomerate; composed of angular to
subrounded, black— to light—color
ed chert pebbles up to one inch
and fragments of claystone and
mudstone set in a matrix of sand,
silt, and clay; this basal con
glomerate is variable in thickness
and is not present or not exposed
in much of the area..,..,,.,,,,,,,,,,,, ^3

Total Dakota sandstone 77

Unconformable contact?—

Jurassic:

Morrison formation;
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Section of the Morrison formation in NE 1/4 sec, 22,
T. 5 S., R. 91 W., at Main Elk Creek.

Dakota sandstone.

Unconforraable contact?

Jurassic:

Morrison formation: pt.

Shale and mudstone, green; with
minor red intervals and occa

sional fine-grained siliceous
sandstones and impure green
limestones to five feet thick 267

Sandstone. white to tan, fine

grained, hard, calcareous, thick-

bedded; very similar litholo
gically to Dakota sandstones;
with streaks of green and red
shale 34

Shale, gray to gray-green; with
several thin gray limestone
beds, one of which was observed

to contain Ostrocod? fragments.......... 37

Sandstone. gray-white, fine-grained,
massive-bedded; with streaks of
red and green shale 20

Shale. red and green 34

Sandstone. white to gray-green,
fine- to medium-grained, friable,
glauconitic, cross—bedded, massive
to one-foot-thick beds with inter-

beds of green and red shale 78

Total Morrison formation. 470

—-Transitional contact

Entrada sandstone
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Section of the Entrada sandstone, Chinle formation,
State Bridge formation, and the Weber sandstone at East
Rifle Creek in sec. 34, T. 4 S., R. 92 W.

Jurassic:

Morrison formation.

—Transitional contact--"

Entrada sandstone: '

Sandstone. white to gray-white or
light-tan, fine- to medium-

grained, soft, friable, porous,
quartzose, locally carbonaceous,
very finely cross-bedded; weathers

white and forms rounded cliffs;
is vanadium bearing in map area;
base gradational with lower

sandstone 123

Sandstone, yellowish-white to light-
brown, fine-grained, hard, cal
careous, locally carbonaceous,
strongly cross-bedded; weathers

dark brown and forms steep cliffs;
vanadium bearing in map area............. 35

Total Entrada sandstone............ 158

—Unconformable contact—

Triassic:

Chinle formation:

!>

Siltstone, yellow, sandy, calcareous,
locally present; may be a zone of
alteration 9

Siltstone, mudstone. and shale,
red; with occasional gray-green
streaks 228
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Limestone, gray, finely-crystalline,
hard, thiclc-bedded. 6

Shale and mudstone, red 13

Limestone, gray, hard; with sandy
streaks 3

Shale, siltstone, and mudstone,

red to gray-green, sandy, jJart-
ly covered; lower five feet be
comes ben ton i tic . . 71

Conglomerate, quartz-pebble, gray,
sorted to poorly-sorted, angular
to sub-angular, calcareous, felds-
pathic; pebbles from two milli
meters to several centimeters;

occasionally forms slight ledge
(Shinarump?) ^

Chinle formation. • 338

—Unconformable contact—

Triassic-Permiant

State Bridge formation:

Shale and mudstone, yellow and blue-
green, bentonitic, gypsiferous;
with thin dark-gray limestones......... 13

Shale and siltstone, red............ 28

Sandstone, gray-green, fine-grained,
micaceous, cross-bedded... 3

Shale and siltstone, red. 65

Limestone, gray, finely crystalline,
dolomitic (South Canyon Creek) 2
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Ft.

Slltstone and mudstone, gray-green,

calcareous 4

Shale and slltstone, red 25

Slltstone and shale, gray-green,

slightly calcareous 25

Total State Bridge formation....* 165

Transitional contact—-

Permlan-Pennsylvanlan;

Maroon formation:

Sandstone, dark-gray, fine-grained

to coarsely iconglomeratlc, poorly

sorted, medium-hard to very soft,

friable, sllty, micaceous; oll-

stalned, cross-bedded; conglomer
atic portion Is at top and con

tains subrounded cobbles (to slx^'*
Inches) of chert and various
Igneous and (or) metamorphlc rocks
weathers easily and forms round

ed cliffs (Weber) 74

Shale and slltstone, red^ poorly
exposed 28

Sandstone, dark-gray, fine-grained,

medium-hard to very-soft, friable,

sllty, micaceous, oll-stalned;
weathes easily; forms rounded

cliffs. (Weber)... 33

main body of Maroon formation not
measured
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