
T 88$

GEOLOGY OF THE UES DOME AREA

MOFFAT AND RIO BLANCO COUNTIES

COLORADO

AND

STRATIGRAPHIC ANALYSIS OF THE DAKOTA SANDSTONE

NORTHWESTERN COLORADO

Kenji Konishi



ProOuest.

ProQuest Number:

All rights reserved

INFORMATION TO ALL USERS
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that  the author did not send a complete manuscript
and  there  are missing pages, these will be noted. Also, if material had  to be removed,

a note will indicate the deletion.

ProQuest

Published  by ProQuest LLC (  ). Copyright of the Dissertation is held  by the Author.

All rights reserved.
This work is protected against unauthorized copying under  Title 17, United  States Code

Microform Edition © ProQuest LLC.

ProQuest LLC.
789 East Eisenhower Parkway

P.O. Box 1346
Ann Arbor,  MI 48106 - 1346

10781542

10781542

2018



T 885

A thesis submitted to the Faculty and the Board of Trustees

of the Colorado School of Mines in partial fulfillment of the requirements 

for the degree of Master of Science in geological engineering*

Golden, Colorado

Dates 

Date

Golden, Colorado

Kenji Konishi

Approved:

L, W, LeRoy 
Head, Dept, f Geology

Approvers

John D. Haun 
Advisor



T 885

CONTENTS

APSTHÀCT ooeoooooo»oeoooooe»»oeeoeeeeeoooo»oee»oeeoeoooe

ACKNOWLEDGMENTS o0oooo«»oooaoo<>»oooo<>oeo»ooa»»0o«0osooa<>

PART I : Geology of the Iles Dome Area, Moffat and Rio 

Blanco Counties, Colorado « «

PART U: Stratigraphic Analysis of the Dakota Sandstone, 

Northwestern Colorado (Moffat and Rio

BLaflCO Co Umta.eS ) eeooeeoooaoaeoeeaooeoeoeeeoao

1X1

Page

iv

viii

x

131

Umta.eS


T 885

ABSTRACT

This thesis is divided into two parts. Part I considers the 

study of the geology of the Iles dome area, Rio Blanco and Moffat 

counties, northwestern Colorado.

The outcropping rocks of the Iles dome area are the Mancos shale, 

Iles formation, Williams Fork formation, Browns Park formation (?), 

and various Quaternary deposits. The Mancos shale is divided into 

several mappable units such as the "calcareous phase” (Niobrara 

equivalent), Meeker sandstone member, Morapos sandstone member, and 

Loyd sandstone member. There are two distinct, though only locally 

mappable, sandstone tongues between the Morapos and Loyd sandstone 

members. The Trout Creek sandstone member, occupying the top of the 

Iles formation, is also a distinctly mappable unit.

The Loyd sandstone member is proposed here as a new name for the 

greenish-gray, fine- to medium-grained, subgraywacke-type, calcareous, 

fossiliferous sandstone, 5° - 100 feet below the Mancos-Mesaverde 

(Iles) contact in the mapped area. This sandstone is named because of 
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its lateral continuity as a mappable unit and its bio stratigraphic 

significance as a possible time-stratigraphic unit to establish regional 

correlation» The member is dated as late Campanian.

A detailed stratigraphic measurement of the Iles formation and 

the uppermost part of the Mancos shale in three different sections, 

extending from the Iles dome area to the Pagoda area (20 miles to the 

east), proves the intertonguing nature and eastward stratigraphic rise 

of the contact between the Mancos shale and the Iles formation.

The Iles formation is divisible into three parts: basal marine, 

middle non-marine, and upper marine phases. Paléontologie and 

sedimentary petrographic studies, in addition to the regional stratigraphy, 

indicate that the formation is the product of a regressive fluctuation, 

with eastward migration of the shore line, which resulted in the 

deposition of non-marine sediments.

Stinking Gulch fault is the northernmost normal, possibly strike

slip type, fault, which, with the Monument Butte fault on the south, 

borders the doubly plunging Iles anticline ("dome"). The asymmetric 

Thornburg anticline, plunging toward the northwest in the center of 

the mapped area, is the northwestward extension of the Thornburg dome 

and the southeastern extension of the huge, asymmetric Axial Basin 

anticline. The doubly plunging Iles anticline ("dome") is the 

connection between the two anticlines, although it is now separated 

by the above mentioned normal faults.
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The deformational history which caused these local features is 

possibly the result of at least two tectonic episodes.

Part II of the thesis concerns the stratigraphic analysis of the 

Dakota sandstone in northwestern Colorado (Moffat and Rio Blanco 

counties) on a serai-regional scale. The Dakota sandstone, which 

corresponds with the post-Morrison and pre-Mowry section in north

western Colorado, is divided into two units. The lower of these units 

is further subdivided into two parts; hence the upper part of the lower 

unit can be referred to as 11 the middle unit".

The basal part of the lower unit is composed of buff-colored, 

medium- to coarse-grained sandstone and dark green or gray quartzose 

conglomerate or conglomeratic sandstone, intercalated with gray and 

variegated sandy siltstone and shale. The unit most probably was 

deposited in a continental and fluvial environment, and at the western 

edge of the mapped area, may be traced westward to the Buckhorn 

conglomerate member of the Cedar Mountain formation,

The upper part of the lower unit (or "middle unit") consists of 

green, greenish-gray, or grayish-red siltstone and shale, intercalated 

with a few thin limestones. The depositional environment of this 

unit may be an intimate association of fluvial, lagoonal, paludal, or 

possibly mixed or transitional environments.

The upper unit is most persistent and is lithologically uniform. It 

consists of sandstone, gray to buff, fine- to medium-grained, well-sorted, 

vi



T 885

well cross-laminated with planar cross structureg iron-stained, 

intercalated with carbonaceous dark gray shales. An epineritic (with 

the possible inclusion of some littoral accumulation) environment may 

be suggested for the depositional environment of this unit. The upper 

unit is separated from the underlying lower unit by a disconformity 

of possibly regional extent.

The boundary between the Dakota sandstone and the underlying 

Morrison formation is for the most part indeterminable, or only 

arbitrarily defined, and a possible lateral facies relation is observed 

between the two units in northwestern Colorado. The probable disconformity 

between the lower and upper units of the Dakota sandstone is supported by 

the difference in the isopachous pattern of the units, the types of sand

stones (lithology)p and the sedimentary structures.

The sediments of the Dakota sandstone in northwestern Colorado 

were mainly supplied from the Cord ill eran geanticline to the west. A 

local provenance9 however, can be concluded from the overlapping nature 

of the upper part of the Dakota sandstone in the Park Range, Front 

Range and Wet Mountains of central Colorado, as well as from the upward 

change in lithology of sandstone in northwestern Colorado. The 

transgression resulting in the deposition of the Dakota sandstone was 

from north to south in general direction. The transgression was 

associated with intermittent phases of regression.

vii
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FOREWORD

The Iles "dome" is a structural feature at the southern end of 

the large Axial Basin anticline9 which is essentially the structural 

bond between two major uplifts 9 the Uinta Mountains in northwestern 

Colorado and northeastern Utah, and the White River Plateau in north

western Colorado o

The stratigraphy of outcropping rocks, ranging from Upper 

Cretaceous (Santon!an) to Recent in age, was studied to analyze the 

structural configuration of the oil-producing Iles ’’dome” and related 

structures in Moffat and Rio Blanco counties» Particular emphasis was 

placed on the definition of the boundary between the Mancos shale and 

the Iles formation (lower unit of the Mesaverde group) and on the 

detailed description of the Iles formation.

A paléontologie study of the molluscan faunas from the uppermost 

part of the Mancos shale was made to establish time-stratigraphic 

regional correlation.

Local structural features such as folds and faults were mapped, 

and a subsurface structure contour map on the top of the Dakota

1
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sandstone g based on well information and an altimeter surveyg was

made. The de for national history of the local features was analyzed 

from the available information within the framework of the Lar amide 

orogeny in northwestern Colorado.
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INTRODUCTION

Geographic Location of the Mapped Area

The area studied covers about 36 square miles around the Iles oil 

field9 in Moffat and Rio Blanco counties, Colorado (figo 1)„ The main 

north-south road crossing the area is Colorado Highway 320, a gravel 

road which intersects Colorado State Highway 13 about 3 miles southeast 

of Hamilton o Highway 320 extends southward beyond the mapped area 

through Yellow jacket Pass and again intersects State Highway 13 about 

14 miles northeast of Meeker» Colorado State Highway 13 is the only 

paved road in the area and it extends from Craig, about 17 miles from 

the northern end of the area, through Hamilton and Axial, to Meeker »

The main part of the mapped area occupies a valley along the 

southeastern extension of the broad topographic depression known as 

the Axial Basin» A continuous escarpment formed by the resistant 

lower sandstone beds of the Mesaverde group surrounds the area. There 

are three topographic salients in the area: (1) Iles Mountain on the 

north, (2) Monument Butte on the northeast, and (3) Thornburg Mountain 

on the west.

4
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Previous Investigations

The history of the investigation of the Iles dome area is 

intimately related to the history of fuel exploration — coal in early 

days, and then petroleum — of northwestern Colorado = The area was 

mapped by the Hayden Survey in the summer of 18?6 and by the King 

Survey in 1898, and then resurveyed in a reconnaissance study of coal 

resources in the summers of 1906 and 1907 (Gale, 1910)« In the summers 

of 1912 and 19139 Hancock, assisted by Anderson, made a detailed study 

of the geology and coal resources of the Axial and Monument Butte 

quadrangles, which include the northern half of the mapped area 

(Hancock, 1925)° In 1919 and 1920, the Colorado Geological Survey 

(Coffin, Perini, and Collins, 1920) made an examination of the anti

clines in western Colorado, including two anticlines in eastern 

Moffat county.

In 1921 and 1922, field parties of the United States Geological 

Survey investigated the petroleum possibilities of Moffat county, 

especially the areas previously mapped by Hancock in 1913» and obtained 

additional structural information. The results of this investigation 

were published as a geologic map, in addition to a comprehensive 

written report (Sears, 1925)° The significance, as well as the 

promising prospect, of Iles dome was mentioned.

The first test in the Iles dome area was drilled by Longo Oil 

Company in 1918 and resulted in a dry hole. Interest in Moffat 

county was stimulated in August, 1923» by a strong show of oil in the 
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Mancos shale and by production from the Dakota sandstone in a well on 

Moffat (Hamilton) dome, 6 miles east of Iles dome. The Midwest Oil 

Company" s No. 1 French, located structurally high, was completed 

September 8, 1924, as the first producing oil well. It had an 

estimated initial production of 1100 barrels of oil per day fï°om the 

Mowry shale. Three additional oil wells, producing from the fractured 

Mancos shale, were completed in 1925 and 1926. The Midwest Parkinson 

No. 4, located in the SW SE of section 22, was completed for 1900 

barrels of oil per day from the Entrada sandstone, and the significance 

of Iles dome as an oil field was established.

From 1927 to 1936, 22 successful wells were completed. The 

development of the Weber production at Rangely field in 1943 stimulated 

a deeper test of the Iles field (No, 1 Madison in 1946). Attempts to 

complete this test were unsucessful. Meanwhile, several oil companies 

repeatedly investigated the vicinity of the already developed field, 

and some exploratory drilling was done. Results of the additional 

drilling have been negative.

Nelson (1955) published a structure contour map of the Iles field. 

This revises the one published by Heaton (1929). The results of coal 

surveys, east of the area of this report, made by Bass, Eby, Campbell, 

and others between 1918 and 1949» were recently published (Bass, and 

others, 1955). Willis (1956) mapped the adjacent area to the south as 

a master's thesis at the Colorado School of Mines.
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Method of Approach

Conventional surface mapping In the field was based on United 

States Soil Conservation Service aerial photographs (scale 1” = 2000*).  

Information obtained in the field was later transferred to a photo

mosaics made by Fairchild Aerial Surveys Incorporated (scale 2" = 1 mile), 

and traced on a United States Forest Service preliminary planimetric 

map (Colorado 62 (1956))B and a United States Soil Conservation 

planimetric map (Colorado 62 (1945)).

Elevations for the structural cross section profile and for 

structural contouring were obtained with a Paulin altimeter survey 

(Lahee, 1941, p. 461-490). The stratigraphic interval for the 

calculation of elevation was obtained from the electric log of General 

Petroleum Corporation’s No, 88-9-P at Craig dome (SE SE SE Sec. 9» 

T. 6 N., R. 91 #.).

Rock samples collected from important outcrops were examined 

microscopically. Representative sandstone specimens were studied in 

thin sections and in disaggregated samples. Mechanical (sieve), 

heavy mineralp and modal analyses were made.

Megafossilsg primarily collected from the uppermost part of the

Mancos shale, but also collected from the Iles formation,were identified
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STRATIGRAPHY

The rocks exposed in the mapped area range in age from Late 

Cretaceous (Santonian) through Recent » Subsurface data indicate that 

rocks ranging from Mississippian (Madison) to Late Cretaceous (Frontier 

formation) are present. Well information , in addition to surface 

geologic data from adjacent outcrop areas such as the White River 

Uplift (Brillp 1944) and the Steamboat Springs area (Bass and Northrop, 

1955» P» 3-9)9 suggests the probable presence of similar Early Paleozoic 

deposits in the subsurface of the mapped area.

The total thickness of the sedimentary section from Early Paleozoic 

to Recent is estimated to be about 15»000 feet; Early Paleozoic about 

700 feet. Late Paleozoic about 4000 feet, Triassic 1000 =? 1100 feet, 

Jurassic 800 feet, Cretaceous 8600 feet (6200 feet exposed), and 

Cenozoic less than 100 feet.

The subsurface stratigraphy is described in the section on 

petroleum geology (p= 84 ), since it is related to the discussion of

hydrocarbon occurrence. The description is based entirely on a 

8
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review of the published literature and on the study of available 

electric and sample logs o

The surface geology essentially consists of the rocks of the Late 

Cretaceous (late Santonian to late Campanian) upper Mancos shale and 

lower Mes avertie group (lies formation and very basal Williams Fork 

formation)o Thin gravels or unconsolidated conglomerates9 uneonf ormably 

blanketing the Late Cretaceous deposits 9 are tentatively referred to 

the Browns Park formation (?) and are dated as middle to late Miocene.

Mancos shale (Mancos formation)

Type section

Cross (1899s po 4) named the Mancos shale for exposures in the 

Mancos valley, especially around the town of Mancos between the La 

Plata Mountains and Mesa Verde, Montezuma county, Colorado.

Definition

"Dark-gray or lead-colored shales, nearly always 
somewhat sandy: contains thin calcareous layers which 
in places become almost limestone and are usually 
rich in fossils. Overlies Dakota and underlies 
Mesavertie. 2000 feet thick at type locality" 
(Cross, ibid.). ,

According to Gale (1910, p. 415)» who extended this usage into 

northwestern Colorado, the section of the Mancos above the Frontier 

formation maintains a very constant thickness of about 5000 feet in 

all parts of the coal fields. As indicated in the difference in 

thickness when compared with the type locality, the Mancos shale in 

northwestern Colorado includes younger deposits than are represented 
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in the type locality. The Mowry shale and Frontier formation (within 

the Mancos shale of older terminology) have been given formational 

status ; io e<>9 the Mancos shale herein used includes that part of the 

original Mancos shale above the Frontier formatione 

Nature of Contacts

The formation is the oldest stratigraphic unit exposed in the 

mapped area, and its basal contact with the underlying Frontier 

formation is not observable. The upper boundary with the Mesaverde 

group (Iles formation) is gradational (p, J4) „ 

Distribution in the Mapped Area

The Mancos shale has wide distribution in western Colorado, 

northwestern New Mexico, eastern Utah, and southern and central 

Wyoming o The formation is exposed most widely in the broad valley 

along Stinking Gulch and Milk Creek, The sandstone members usually 

form pronounced benches on the hill slopes, 

Subdivisions

Several conspicuous, mappable, sandstone members and tongues are 

recognized in the upper 1200 feet of the formation. They are, in 

ascending order, the Morapos sandstone member, "Second Mancos sandstone 

tongue","First Mancos sandstone tongue", and Loyd sandstone member. 

Another sandstone member, which has been referred to as the Meeker 

sandstone member, occurs about ?00 feet below the Morapos sandstone 

member. The basal part of the Mancos formation, about 600 - ?00 feet 

thick, is distinguished from the other parts of the formation by its 
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calcareous nature and its faunao A tentative terra „ "calcareous phase 

of the Mancos shale", or "Niobrara equivalent", is applied to this 

lower interval.

Calcareous Phase of the Mancos Shale ("Niobrara equivalent")s This 

unit forms the basal part of the Mancos shale in northwestern Colorado 

and is characterized by its calcareous natureo The top of the member 

is located at the boundary between the calcareous and non-calcareous 

phases, which is also the top occurrence of Niobrara fauna. It is 

about 600 - 700 feet thick in the Craig-Meeker area.

This interval is easily distinguished in well cuttings and on 

electric logsP as well as in surface sections, and should be a mappable 

unit. It is exposed only in the southern part of the mapped area 

close to Thornburg dome, "The Middle Member of the Mancos shale" of 

Coffin, Perini, and Collins (1920) in Routt county may correspond 

with this interval=

The sediments in this interval suggest a stable, quiet, neritic 

environment of deposition, Ostrea congesta Conrad and Inocerami are 

found to the uppermost part of the interval. Coccoliths also are 

abundant throughout,

Meeker Sandstone Member: The term is commonly used among the 

subsurface geologists working in northwestern Colorado o It does not 

appear, however, in the lexicons compiled by the U„ S, Geological 

Survey (Wilmarth, 1938» Wilson, Sando 9 and Kopf, 1957) « The type 

section should be just northwest of the town of Meeker 9 Colorado,
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“The sandstone is in the lower cliff 1600 to 1900 feet below the 

Mesaverde-Mane os contact and forms an almost continuous ridge from 

Meeker to a point south of Rattlesnake Mesa" (Hancock and Eby, 1930» 

p« 197» 199)» “The sandstone is more persistent than the sandstone in 

the upper cliff which is perhaps equivalent to the Mo rapes sandstone 

(member)“ (Hancock and Eby, ibid.).

The Meeker sandstone member is traceable on the surface northward 

from Meeker into the Yellow jacket area along the western flank of the 

Yellow jacket anticline (mapped as the Morapos sandstone by Willis, 

1957) and continues into the mapped area as the steep hogback close to 

a small fault at the southern end of the area» North of the fault the 

member is exposed as small hills» At about the junction of the Elkhorn 

syncline and an unnamed syncline, the member is no longer exposedo This 

member has been traced in the subsurface fairly widely in northwestern 

Colorado»

This member consists of sandstone, gray to brownish-gray, very 

fine-grained, well-sorted ; very thin-bedded with ill-defined undulate ry 

bedding planes ; strongly calcareous; quartz grains subangular to 

subround, exclusively metamorphic type; calcite cement replacing quartz 

grains; foraminiferal tests not uncommon.

In the area under consideration, the Meeker sandstone member is 

distinguished from the Morapos sandstone member by: (1) a large 

percentage of soluble minerals (18el^ vs, 3,0^); (2) finer grain size 

(median diameter is .076 mm vs, OdJ mm); (3) less mature texture
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(sub-graywacke vs. proto-quartzite); (4) mode of stratification (very 

thinly bedded vs. well-bedded and ripple-marked) ; and (5) stratigraphic 

position in relationship to the top of the "calcareous phase of the 

Mancos shale".

Morapos Sandstone Member : This member was named by Hancock (1923; 

1925» p« 12) for outcrops in the vicinity of Morapos Creek, Moffat 

county, Colorado u

The member consists of thin-bedded sandstone 9 15 to 75 thick, 

with a well-defined top and poorly defined base that merges into sandy 

shale. It forms a conspicuous escarpment in Axial and Monument Butte 

quadrangles, where it is about 1000 - 1200 feet below the Mancos- 

Mesaverde contact and about 1000 - 1100 feet above the top of the 

Meeker sandstone member.

The lithology of the member is white to pale gray, fine- to 

medium-grained, friable, well-sorted sandstone; thinly bedded, cusp

type ripple-marked ; upper part contains definite bedding, lower part 

merges into underlying sandy siltstone; zircon, garnet, and tourmaline 

are abundant among heavy minerals; fossil trails and burrows are common 

in upper part.

This member is characterized by a profile consisting of a sharply 

defined top, gradational base, and an underlying shale slope. The 

boundaries appear conformable with adjacent units.

"In the Monument Butte quadrangle, (this member) forms a 
continuous line of cliffs from a point near the south
east corner of T. 5 , R. 92 W., down into the valley
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Figure 2. Outcrop of the thin-bedded Mor apo s sandstone member ;

looking west from C NE, Sec» 33, T, 5 N., R„ 91 W\ (75 feet 

thick).
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Figure 3. Ledge-forming Mo rapes sandstone member; looking south

southeast from the top of Monument Butte, Kmm, Mo rapes sandstone

member ; Km, Mancos shale
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of Morapos Creek and thence southwestward to a 
point about three-quarters of a mile southwest of 
Monument Butte „ = . . thence the sandstone extends 
southwestward to the center of Sec. 26, To 4 N., 
R. 92 Wo * where the member is traceable on the 
western or southern flank of the (Thornburg) 
anticline or even further southward” (Hancock, ibid,)-

Although the thickness at the type locality originally described 

is 15 to 30 feet (Hancock, ibid.), the thickness reaches 75 feet at the 

southwestern rim of the Moffat (or Hamilton) dome (fig. 2) as measured 

by Beattie and the author. This value coincides with that given by 

Sears (1925, p, 288). The stratigraphic interval between the Morapos 

sandstone and the top of the Mancos shale, as measured at the type 

locality of the Loyd sandstone member (p, 21), is 1200 feet and is 

closer to Sears9 value (ibid.. p. 288) of 930 feet than to Hancock9s 

value ( 1925 - ) of 800 feet. Kerr (1958) found the same interval in the 

Pagoda area to be 1175 feet thick. Thus, the Mancos-Me saverde contact 

seems to rise stratigraphically in an easterly direction. In previous 

studies (Routt county), the Mancos -Mesaverde contact had been placed 

at the base of the Morapos sandstone member (Crawford, Willson, and 

Perini, 1920, fig. 5)°

The fossils found in this sandstone member are only ichnologic 

records (trails), probably of molluscs, some of which are about as 

thick as g- inch (fig. 4). The sedimentary structure is characterized 

by a cusp-type of ripple mark (fig. 4; McKee, 1954, pl. 6, fig. D). 

This structure has been reported from the tidal flats at Oho lia Bay, 

Sonora, by McKee (1957, p. 1742, pl. 8, fig. B). Trails are also among
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Figure 4. Cusp-tÿpe ripple marks in thin-bedded sandstone, Morapes

sandstone member (NE Sec. 12, T. 4 N., R. 92 Wo)» Note trails

of molluscs on the surface
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the minor structures common to tidal flat sediments. If, as most 

geologists believe, this member is a blanket sandstone, however, it 

may be considered to be a beach and near-shore marine deposit because 

of its over-all geometry, good sorting, and thin-bedded character.

The Mor apo s sandstone has been traced westward to the "Rim rock" 

exposed around Rangely field, Rio Blanco county. Hale (1955» P« 93 $> 

fig,'3) is of the opinion that the Morapos sandstone of the Meeker 

area occupies a position below the correlative of the "Rim rock" of 

the Rangely area. Hale (ibid.) questioningly correlates the "Basal 

Blair sandstone tongue" in the Rock Springs uplift, south-central 

Wyoming, with the Mbrapes sandstone. Eastward, the Morapos sandstone 

is recognized in the Kremling area of the North Park Basin. In 

different areas, the " Mor apo s sandstone member" may be in discontinuous 

lenses rather than as a blanket sandstone,

"First Mancos Sandstone Tongue" (First Mancos Sand) and "Second 

Mancos Sandstone Tongue" (Second Mancos Sand)s Between the Morapos 

sandstone member and the Loyd sandstone member (p. 21), there are two 

sandstone tongues along the southern rim of Williams Fork and Iles 

Mountain. For convenience, the names "First Mancos sand" (above) and 

"Second Mancos sand" (below) were introduced during field work.

The continuity of these sandstone beds between measured sections 

is not definite and there are even suggestions that the First Mancos 

sand of one section may be the Second Mancos sand of another section 

or vice versa. These units are mappable only very locally here. In
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Figure 5» Outcrop of "First Mancos sandstone tongue"? looking north 

in SfiT NW Sec. 36, T. 5N. „ R. 92 W. Note well-defined top8 

compared with less well-defined base.
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the mapped area, the Second Mancos sand is scarcely exposed, and the 

appearance of this sandstone is so similar to that of the First Mancos 

sand that only the First Mancos sand is described here.

The unit is a sandstone, white to pale brownish-gray, fine

grained , well-sorted, friable, thinly bedded at top, grading into 

a sandy shale at the base; weathers tan to pale brown and forms a low 

ledge; locally fossilifèreuso

The tongues are best exposed in the Pagoda area, and they are 

more or less traceable westward to the mapped area along the Williams 

Fork. Sears’ (1925, p. 288) “upper sandstone of the Mancos, lying 

about 100 feet below the base of the Mesaverde, form (in g ) a prominent 

bench for several miles (to) the south of Duffy Mountain“ (which is 

several miles northwest of the mapped area) ,may correspond to the First 

Mancos sand. Both the sandstone tongues disappear toward the south, 

within the mapped area»

Both tongues have a characteristic sedimentary profile, with 

sharply defined top, gradational base, and underlying shale slope. 

Both contacts are conformable.

These sandstone tongues probably were deposited in the same 

environment as that of the Morapos sandstone. The lenticular shape 

is very conspicuous in the upper sandstone unit, and the fossil 

assemblage found in this unit suggests a near-shore, marine environment 

(p. 54).
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Loyd Sandstone Member - A cliff on the southeastern end of Iles 

Mountain, which is about 0.2 mile from Colorado Highway 13» is here 

proposed as the location of the type section of the Loyd sandstone 

member of the Mancos shale. The measured section 3=0 on the index map 

of Plate 2 is located at this cliff.

Although the village of Hamilton is the closest geographic name 

available for this newly proposed stratigraphic unit, the name Hamilton 

cannot be introduced since it has been preoccupied for the Middle 

Devonian Hamilton "group (or formation)“ in Mew York, Pennsylvania, 

Maryland, and western Virginia. Therefore, the name Loyd (for a little 

town about 5 miles southwest of the type locality) » which is shown on 

the U. S. Soil Conservation planimetric map as well as on the Colorado 

State Highway map, is adopted for this sandstone member»

The Loyd sandstone is a thick, massive, greenish-gray sandstone ; 

fine- to very fine-grained, very calcareous, nodular at certain horizons 

where it becomes quite fossiliferous? without prominent development of 

bedding planes ; weathers to rounded lump-like masses; about 100 feet 

thick at the type locality and apparently thins out eastward but keeps 

a constant thickness southward and westward; located about 60 feet 

below the base of the Iles formation at the type locality»

Hancock (1925» p. 12-13) described this sandstone member as followss 

"About 100 feet below the contact occurs another sand
stone of an entirely different character (compared 
with the Morapos sandstone member)o It is greenish- 
gray» has a sugary texture » is without bedding planes, 
and in places yields an abundance of invertebrate 
fossils."



T 885 22

Figure 6. Type locality of the Loyd sandstone member ; section 3-0$ 

looking north from C Sec. 36, T. 5 N., R. 92 W. Kml, Loyd 

sandstone member; Km9 Mancos shale; Ki, Iles formation. The 

boundary between Ki (Iles) and Km (Mancos) makes the Mesaverti e-

Mancos contact



T 885 23

Figure ?• Nodular erosional surface of the Loyd sandstone member

(Sf NE Sec. 21, T. 3 N.„ R. 92 Wo).
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Although the upper boundary is fairly sharply defined as a 

lithological break, this member is conformable at the top and bottom 

and grades downward into the sandy shale phase of the uppermost Mancos 

formation.

This sandstone member is developed about 100 feet below the

Mancos-Iles contact over the mapped area and adjacent areas9 so that, 

with its biostratigraphic significance/ it is a very important mapping 

unit (a key bed) = Its unique lithology and fauna make it easy to 

identify in the field = This member extends southward into the Meeker 

quadrangle. Hancock and Eby (19309 p. 199) described this sandstone 

in the Meeker quadrangle as follows :

" o . another conspicuous sandstone, 75 to 100 feet 
below the contact, locally forms ledges; it is greenish 
gray and sugary, is almost free from bedding planes°9 
and weathers characteristically into rounded forms. 
It contains abundant fossils, in fact, most of the 
invertebrates collected from the upper part of the 
Mancos have come either from this sandstone or from 
beds very near it « ”

The author traced this member southward into the Meeker quadrangle

and found a good development to the north of Rattlesnake Mesa, several 

miles north of Meeker„ where there was a fossil assemblage similar to 

that in the northern area, consisting of many Inocerami and Baculites. 

According to Kerr (1958), the member apparently tongues out toward the 

east in the Pagoda area.

The member can be divided into five units in the type section.

It is possible that the apparent thinning of this member, as it is
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Figure 8. Stratigraphic Section of the Loyd Sandstone Member at 

the Type Locality. C Sec. 36, T. 5 N., R. 92 W.
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observed in other areas , could be the result of partial exposure of 

the sandstone when it is*  in fact, as thick as the sandstone of the 

type section.

The sandstone is green when fresh and brown when weathered * very 

fine-grained and very calcareous. The characteristic green is due to 

the abundance of chlorite which has been altered from biotite. These 

mica minerals sometimes constitute approximately 2-3$ of the rock.

The fossils found in this sandstone member are considered to 

represent a littoral environment (p. 62), If it is found that some 

chlorite of the member belongs to the glauconite group*  then a reducing 

condition may be suggested as a characteristic of the sedimentary 

depositional environment of the member (Cloud, 1955)= Other conditions, 

such as normal salinity, high organic content of the bottom sediments, 

etc., may well be found to be characteristic of the depositional 

environment of the Loyd sandstone member. Cloud (ibid.) recognized 

these conditions as the physical limits of glauconite formation.

Mesaverde Group

Type locality

Holmes (1877, P« 244, 245, 248, pl. 35) defined the Mesaverde 

formation in the area that is now Mesa Verde National Park, south

western Colorado.

Definition

The Mesaverde group is a succession of alternating sandstones and 

shales and a number of coal seams, with occasional thin marls or 
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limestones (as originally defined in southwestern Colorado)o Fenneman 

and Gale (1906, p. 265) adopted the name in the Yampa coal field, 

northwestern Colorado , to include the thick marine and non-marine beds 

overlying the Mancos formation. In the Yampa area, the Mesaverde 

attains a thickness of 2500 to 3500 feet, while in southwestern 

Colorado, the maximum development is 1000 feet. The group has been 

identified and mapped in western Colorado, northwestern New Mexico, 

eastern Utah, southern, central, and northern Wyoming, but there are 

changes in stratigraphic position between these various areas of 

outcropo The group is divided into three units in southwestern Colo

rado, whereas Hancock and others recognized that the Mesaverde in 

northwestern Colorado can be divided into two distinct units - a lower 

unit, the Iles formation, and an upper unit, the Williams Fork formation.

Iles formation

Type section

Hancock (1925, p. 14; but first in U. S, Geological Survey Press 

Memo, I6037, Oct, 1, 1923) designated the east side of Milk Creek at 

the opening into the south side of Axial Basin as the type section 

(Hancock, 1925, p. 15=17? measured section 4 on pl. 2 of this paper)= 

The total thickness is 1296 feet (at the reference section in the 

gulch east of Red Cone, in the southwest corner of T. 5 N., R. 94 W., 

the total thickness is 1350 feet). 

Definition

The Iles formation is an alternation of thick beds of sandstone 

and sandy shale with a few thin coal beds near the base and near the
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Figure 9» Distant view of Iles Mountain ; the Mancos-Mesaverde (Iles) 

contact is traced at the bottom of the thin sandstone next below 

the lowest white-brown sandstone; front lower ledge is Morapos 

sandstone member of the Mancos shale; looking northward from SB 

NW Sec. 24, I. 4 N., R. 92 We Km, Mancos shale ; Ki, Iles formation «



T 885 29

top. It has a thickness of 1400 to 1500 feet. The Trout Creek 

sandstone, the top sandstone member of the formation, and a sandstone 

15 to 25 feet thick, just below the "Rim rock", define the top and 

bottom boundaries, respectively. The formation rests conformably on 

the Mancos shale and is conformably overlain by the Williams Fork 

formation and forms nearly all of Iles Mountain.

Nature of Contacts

The upper contact of the Iles formation with the overlying

Williams Fork formation is at the top of the Trout Creek sandstone 

member (p. 31 ) of the Hes formation. The contact appears to be 

slightly transitional. The basal boundary of the Iles formation was 

defined by Hancock (1925, p. 12) as follows :

" o . the uppermost beds of the Mancos shale usually 
form a considerable part of the steep slopes on both sides 
of Axial Basin, because these beds are protected by the 
overlying sandstone that forms the principal escarpment 
near the base of the Iles formation and here is 
designated the rim rock (the first white-brown sand
stone in Appendix, p.129). About 75 feet below the 
rim rock there commonly occurs another bed of sandstone 
from 15 to 25 feet in thickness which resembles the 
rim rock in color and mode of weathering. The base of 
this sandstone was regarded as the contact between the 
Mancos shale and the Iles formation «"

As discussed later, this contact is traceable only 20 miles from the 

type locality eastward, due to the pinching out of the basal sandstone, 

and the boundary is shifted up to the base of the rim rock.

Dis tribution

The formation is exposed both east and west of the type locality 

along the Axial Basin and its extensions and along the Williams Fork, 
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Further eastward the formation is recognized in the Yampa coal field 9 

and southward it is mapped in the Meeker area. Westward the formation 

is traced to the Utah-Colorado border area and northward it is 

correlated with the Ericson formation of south-central Wyoming.

In the mapped area, the formation forms the rim and top of Iles 

Mountain and the Thornburg Mountain block. The top of Monument Butte 

is also capped by the Iles formation. Since no properly exposed 

section was obtainable for detailed measurement in the mapped area, 

three partial sections along Ute Gulch, Caster Gulch, and the south

eastern rim of Iles Mountain were measured to make a composite column 

(section 3 on pl. 2). 

Subd iyj s ion s

A three-fold division of the formation was proposed by Campbell 

(1931) » A four-fold division modified from the previous three-fold 

one was adopted by Cobban and Re es ide (1952) = The members, in 

descending order, are as follows :

4. Trout Creek sandstone member —the only mappable 

subdivision of the Iles formation in the mapped 

area (p= 31)°

3. Milner "formation" — consists of shales, thin- 

bedded sandstone, and coal beds; 600 to 800 feet 

thick in the Yampa coal field.

2. Hayden Gulch sandstone "formation” (or Hayden Gulch 

sandstone member of the Haybro "formation") — a massive
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white sandstone, 50 feet thick, sometimes not 

separable from the rest of the Haybro formationo 

I» Haybro “formation1* — consists of shale, sandstone, 

and coal beds, with the Hayden Gulch sandstone 

member at the top; 600 to 800 feet thick in the 

Yampa coal fieldo

No attempt was made to segregate the formation Into more than three 

divisions in the course of the present study, although an attempt to 

trace certain sandstone beds was made (plo 2).

Trout Creek Sandstone Member: Fenneman and Gale (l?06, p. 26) 

defined this member near Trout Creek on the northeast side of Twenty- 

mile Park, about 10 miles northwest of Yampa. It is less than 100 feet 

thick at the type locality.

The Trout Creek sandstone member consists of prominent sandstone, 

white, fine-grained, well-sorted, ledge-forming, massive, fairly 

uniform in thickness. It is about 75 feet thick in the mapped area.

Both the top and base are conformable ; the base is gradational 

through alternation of sandstone and shale. The top contact is much 

sharper.

This sandstone member is the most reliable key bed in the strati

graphic sequence exposed in the mapped area, and it is traceable 

continuously to the east (Bass, and others, 1955» p® 157) where the 

sandstone is elevated to the rank of a formation (Campbell, 1931)® In 

the mapped area, the member is exposed at Iles Mountain and Thornburg
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Mountain. According to Hancock (ibid. e p. 13-14) , the "white rock" of 

Gale (1910) along the Grand Hogback is equivalent to the Trout Creek 

sandstone, A sandstone bed near Artesia is doubtfully assigned to the 

Trout Creek sandstone by Walton (19579 fig- 2)=

Although no paleontological evidence is available0 the blanket

type nature of its distribution and its lithology suggest that this 

member was deposited under marinep possibly near-shore (beach) 

conditions » Bass and others (ibid.) considered the similarity of the 

Trout Creek sandstone with beach sands. 

Lithology

A detailed description of the various lithologies in the Iles 

formation is included in the Appendix, The sandstones are quite 

variable vertically and laterally, they may be pale brown to white 9 

fine- to medium-grained 5 poorly sorted, generally calcareous » massive 

though cross-laminated. The detrital quarts grains are subangular and 

have both metamorphic and igneous origin; detrital matrix and ferrugenous 

cement are common. Certain sandstones, particularly in the middle 

division, are characterized by limonitic concretions (appearing 

conglomeratic), which are similar to, if not identical with9 those 

described in detail and called "voidal concretions" by LeRoy (19490 

p. 39-42) from the Pleistocene El Milagro formation of western Venezuela. 

Silty nuclei are preserved, The characteristic "white-brown" sandstone, 

which may be due "to leaching out of iron by swampy water" (Spieker, 

19499 p. 64)9 represents a part of the cyclic sedimentation discernible 
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on a small scale in the lower part of the Iles formationo Shales are 

sandy0 silty or carbonaceous, and grade into impure coalo There are a 

few red or dark maroon shales in close association with coal in the 

basal part of the middle division of the formation.

Sedimentary environment

The names and ranges of occurrence of fossils found in the Iles 

formation are shown in a chart (chart on pl. 2)o There are two 

prominent ’’horizons” where coal seams develop,and they are more or less 

correlative among the four measured sections.

No definitely marine fossils were found in the interval between 

the last and first occurrences of the coal seams o This observation 

validates the description by Hancock (1925)8 who mentioned the 

occurrence of marine and brae kish-water molluscs from a zone about 400 

feet thick at the base of the Iles formation and from the upper 250 

feet of the formation, but nothing from the middle part of the 

formation.

Sabal imperialis (palm. Recent correlative Sabaliaeaee with warm 

to tropical habitat)e indeterminable plant fragments, Ostrea„ and 

dinosaur footprints were found from the middle part of the formation. 

For this reasonD the author tentatively locates the base of the non

marine (including brackish) phase of the Iles formation at the horizon 

of the first coal beds, and the top of the phase at the last coal bedsp 

about 200 to 400 feet below the base of the Trout Creek sandstone 

member. The environment of deposition was probably swampy. It may be 
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interesting to note that the lithology, as well as the mode of 

deposition, of the middle part of the Iles formation (where the 

’’voidal concretionary” structures are observed) appears to be similar 

to that of the El Milagro formation mentioned above (Le Roy, ibid. ).

Intertonguing nature of the contact between the Mancos shale 

and the Iles formation

The relationship between the Mancos shale and the overlying Hes 

formation (the lower division of the Mes avertie group) has been described 

as a classical example of an intertonguing contact. On a large scale, 

it has been demonstrated that the wedge-shaped Mesaverde group is 

thickest to the west and thins to the east where it becomes the 

”Hygene sandstone” in the Pierre shale. An attempt was made to test 

this previously proposed concept in the light of data observed in and 

near the mapped area. The result was a confirmation of the accepted 

concept.

Datum for correlation

To analyze the mutual relationship between the two stratigraphic 

units, it was necessary to select a correlation datum. There were two 

choices : (1) the Trout Greek sandstone member, and (2) the sandstone 

containing specimens of Baculites n. sp. Cobban (= B. cf. asperiformis 

Cobban, 1958)» As the better working hypothesis, the author selected 

the latter because of its lithologic continuity and because it can be 

related to a standard stage of the Cretaceous.
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Correlation

Because of the scarcity of fossils, all the correlations attempted 

are physical . The basal sandstone and "rim rock" (= Tow Creek sand

stone of Bass and others, 1955) are traced over a wide area. Some 

prominent coal seams appear to be traceable also.

Intertonguing

As originally defined by Hancock (1925)9 the base of the Iles 

formation is placed at the base of a sandstone about 75 feet below the 

thick "rim rock". This basal sandstone thins eastward from section 3 

to section 1 (pl. 2) so that the base of the Iles formation at 

section 1 is located at the base of the thick "rim rock". Even the 

"rim rock" begins to disappear in section 1. According to Bass and 

others (ibid.„ p. 156), who mapped the region east of the Pagoda area, 

the Tow Creek sandstone is continuous with Hancock”s "rim rock".

" o . (It) becomes shaly . . . and intertongues with 
shale eastward . . . , (and) in some places it consists 
of two or more beds separated by units of shale and sandy 
shale, ... ; (for example) the rock becomes so shaly 
in the vicinity of Oak Creek that its identity as Tow 
Creek (sandstone) is questionable." (Bass and others„ 
ibid.).

Thus, it is quite certain that even the thick "rim rock" breaks into 

thinner sandstone and shale units eastward9 and, as a result8 the 

Mancos-Mesaverde contact is shifted stratigraphically upward to the 

east.
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Williams Fork formation

Type section

Although Hancock (ibid0 p. 18-19) did not designate the type 

section when he introduced this formational name, it is understood 

that the type area should be along the Williams Fork near its junction 

with the Yampa Hiver. The formation there is 1600 to 2000 feet thick. 

Definition

The formation consists of alternating sandstone, sandy shaleD 

carbonaceous shale, and coal beds, and it occupies the interval between 

the top of the Trout Creek sandstone member of the lies formation and 

the base of the Lewis shale. 

Nature of Contacts

The basal contact with the Trout Creek sandstone is sharp and 

conformable. The upper contact with the Lewis shale is gradational. 

Distribution

The formation is developed in a considerable part of northwestern 

Colorado. It is exposed in a continuous belt on the northern flank 

of the Axial Basin anticline9 at Iles Mountain , and in the Williams 

Fork Mountains. In the mapped area, the formation is present on Iles 

Mountain above the Iles formation and on Thornburg Mountain, although 

only the basal part of the lower unit was mapped. 

Subdivisions

The formation is divided into three parts ° a lower unit (900 to 

1500 feet thick; shale, thin sandstone beds, sandy shale, and several 
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coal beds of the ’’Middle Coal Group11 ) (Fenneman and Gale g 1906)? 

Twentymile sandstone member (100 to 200 feet thick; white, massive 

cliff-forming sandstone) (Fenneman and Gale, ibid., p. 2?); and an 

upper unit (200 to 400 feet thick; interbedded sandstone0 sandy shale, 

shale, and sandstone with coal beds of the "Upper Coal Group"; - the 

Holderness "formation" of Campbell (1931)) (Fenneman and Gale, ibid.)» 

Sedimentary environment

The only fossils collected from this formation by the author and 

his colleagues were Esthocardium whitei (= Cardium specie sum Meek et 

Hayden), Mactra sp=, and indeterminable pelecypods. The faunal 

assemblage suggests a shallow, low salinity, littoral environment. 

According to Hancock (1925, p= 19), the paléontologie evidence shows 

"an alternation of marine, estuarine and swamp conditions during the 

deposition of the Williams Fork formation, " The good development of 

the coal beds indicates existence of a non-marine phase. 

Remarks

"As distinguished from the Iles formation, the Williams Fork 

formation is characterized by thick zones of brick-red sandstone and 

baked shale produced by the burning of large beds of coal" (Hancock, 

ibid.). "The individual beds of sandstone are neither so pronounced 

nor so persistent as those in the Iles formation" (Hancock, ibid.n p. 18).

Browns Park formation (?)

Type section

Powell (I876, p. 40, 44, 168) named the Browns Park formation for 

the exposures at Browns Park, northeastern Utah and northwestern Colorado.
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Definition

The formation is characterized by sandstone„ gravel, limestone, 

and concretionary and stratified flints. The rocks are very soft, 

friable, highly calcareous, and the formation is 0 to 1800 feet thick. 

In some places a great development of thick conglomerate beds is found 

at the base. The formation unconformably overlies the Bridger 

formation and older beds and unconformably underlies the Bishop 

conglomerate, 

Age

Considerable controversy existed among the early geologists as 

to the exact age of this formation, which was dated anywhere from 

upper Eocene (King, 1877» P« 222) to Pleistocene (Sinclair, 1906, 

p. 278), The U, S. Geological Survey has tentatively assigned the 

formation, according to Peterson11 s determination (Peterson, 1924, p, 

JOO; 1928, p. 88), to upper Miocene-lower Pliocene. Additional faunal 

collections from south-central Wyoming (McGrew, 1953» p= 62-64; 1955) 

favor lower and middle Miocene for at least part of the formation. A 

suggestion is now before the Committee on the Continental Cenozoic to 

consider the Browns Park formation as middle Miocene (Hemingfordian) 

and, perhaps, partly lower Miocene (Arikareean) in age (Carey, 1955» 

p. 48-49). 

Distribution

The formation is exposed in northwestern Colorado and northeastern 

Utah. The principal exposures of the formation extend from Browns Park
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Figure 10. Outcrop of Browns Park formation (?); SE Sec. 31, T. 4 N.,
-4- ■R. 91 W = ; note large number of basal^ boulders.
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east along the Uinta Mountain and Axial Basin anticlines to east of 

Juniper Mountain. The exposures continue eastward9 along the south 

flank of the Sand Wash Basin to Cedar MountainP northwest of Craig 

(Sears, 1924, pl. 35» P» 295)» which is only about 10 miles from the 

mapped area. Bass and others (1955) mapped the deposits referred to 

this formation in the area about 10 miles east of the mapped area. 

Recently, Barnwell (1955» P» 74) described the Browns Park (?) 

formation from the South Hahns Peak district, T. 10 N., R. 85 and 86 

W., Routt county. In the mapped area, there are developed some 

conglomeratic or gravel deposits doubtfully referable to the Browns 

Park formation at several scattered localities. A hill in Sec. 31 and 

32, T. 4 N., R. 91 W., which was mapped by Hancock (1925) as a basalt 

flow is interpreted as a sedimentary gravel bed by the author. 

Sedimentary environment

“Bradley (1936, p. 184) believes that the basal 
conglomerate of the Browns Park formation is part 
of a shifting gravel mantle which was deposited as 
a result of a change in the climate to greater 
aridity. As evidence supporting the arid conditions 
under which much of the sandstones were deposited, he 
cites the occurrence of halite molds in beds exposed 
near the west end of Browns Park and the presence of 
wind-faceted cobbles, wind-blown sand, and possible 
dune deposits, in part of the formation exposed along 
the south side of the Washikie Basin “ (Carey, 1955» 
p. 49).

The formation appears to be of fluvial and aeolian origin. 

Quaternary deposits

The Quaternary deposits of the Iles dome area may be classified 

under three categories : (1) terrace, (2) landslide, and (3) talus 
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debris « The terrace deposits consist of coarse sand and gravels 

and large cobble- and boulder-sized debris. The deposits are scattered 

10 to 15 feet above the present level of the stream throughout the 

Iles dome area.

The landslide sediments are restricted in the slumped area on the 

southern margin of the mapped area. The deposits are characterized 

by jumbled angular to subangular blocks of quartzose sandstone mixed 

with variegated clays. Willis (1957® P» 59) mapped the southern part 

of the same deposits and proved that the sediments were derived from 

the cliff of Dakota sandstone as the result of landslide.

The deposits designated as talus debris may be seen best close to 

the northeastern slope of Thornburg Mountain, The deposits are now 

left as a digitate ridge and suggest that they were originally spread 

to form a fan-shape from the high cliff of the Iles formation on the 

northeastern slope of Mt. Thornburg. Lithologic ally9 these deposits 

are different from the landslide deposits ; they contain less clay 

material and show less abrasion.
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SEDIMENTARY PETROGRAPHY OF SANDSTONES

IN UPPER MANCOS SHALE AND ILES FORMATION

Purpose and Material

In order to determine their mineialogical and textural characteristics, 

sandstones of the Mancos shale and Iles formation were analyzed in the 

laboratory by means of thin sections and disaggregated grains. Mechanical 

analysis p heavy mineral identification, and Rosiwal analysis were 

supplemented by conventicnal petrographic examination.

The samples studied are from:

1. Meeker sandstone member
2. Morapos sandstone member I

3. Second Mancos sandstone tongue ? of Mancos shale

4. First Mancos sandstone tongue

5 * Loyd sandstone member

6. "Rim rock"
7» Unit 86 (see section 3 on pl. 2) \ of Hes formation

8. Trout Creek sandstone member

9» A sandstone unit about 40 feet above the base of the

Williams Fork formation

42
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Mechanical analysis was made on all the samples except 9» Heavy 

mineral analysis was made on samples 19 3» 49 5» and 8. Thin section 

examination was made on all the samples except 2. 

Mechanical Analysis

The result of the mechanical analysis is graphically shown as 

Figures 11-18» The Meeker sandstone member is markedly finer grained 

than other sandstone members of the Mancos shale, although the 

sorting coefficient is almost the same.

As expected9 the sorting is not as good upward from the two 

sandstone tongues (numbers 3 and 4) to Unit 86 (number ?)o but the 

sorting is good in the Trout Creek sandstone member. 

Heavy Mineral Analysis

The heavy mineral analysis was initiated to determine any 

difference in heavy mineral suites in response to the vertical facies 

change from Mancos shale to Iles formation. The result of the 

analysis is shown in Table 1.

The abundance of garnet in these Upper Cretaceous rocks is 

noticeable since the mineral is absent in Lower Cretaceous rocks 

of the region (see Part II of this thesis). There also seems to be 

a relative decrease of zircon from Lower Cretaceous to Upper 

Cretaceous <, 

Rosiwal Analysis

The modal analysis of thin sections was done using a Hunt- 

Wentworth integrating stage for running traverses across the
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Table 1

Heavy Mineral Analysis of Sandstones

from the Upper Mancos Shale and Iles Formation

Leuco
xene

Hema
tite

Tour
maline

Zircon Garnet Green Sphene Rutile 
Hblnd o

Meeker 
sandstone 
member***

A C C C

Second 
sandstone 
tongue*

A R C C c VR —

First 
sandstone 
tongue*

C R C F A VR «°

Loyd 
sandstone 
member*  ***

A — A C A R

Trout
Creek sand
stone member**

R A R A R VR VR

*Fluorite very rare; ** actinolite and tremolite rare; *** biotite
common »

F Flood
A Abundant
0 Common
R Rare
VR Very rare

40# or greater 
30-40#
10-30#
5-10#
Less than 5#
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Figure 19» Two types of tourmaline crystals found in the heavy

mineral suite of the Trout Creek sandstone member ° round form 

with authigenic overgrowth (left) and broken euhedral form (right) 

(x 200; open Nicol)» 
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thin sections (Chayes, 1956). The result may be accurate within 5 

percent of the true value in consideration of various sources of error

The classification of sandstone is still not standardizedo For 

brevity, the author uses the following two systems : (1) Clark's 

tetrahedron (PettiJohn, 1957» fig» 71» p. 292) and (2) Gilbert's 

classification (1955» P- 292-293)» Since the former has a space for 

which no term has been proposed, yet which contains some sandstone, 

as in the present example » the author tentatively subdivides the 

space characterized by predominant quartz and chert (more than 75 

percent) and by considerable detrital matrix (more than 15 percent) 

into two unitss sublithic (rock fragments predominate over feldspar) 

subgraywacke and subfeldspathic (feldspars predominate over rock 

fragment s) subgraywacke =

According to the above mentioned two classifications, all the 

sandstones analyzed by the Rosiwal method are classified as shown on 

the chart of Plate 2. The result indicates a vertical change in 

sandstone types in response to change of depositional environments, 

which may have been controlled by regional tectonism» 

Soluble Mineral Content

As an approximation 9 the soluble mineral content may be 

considered as carbonate content. Its variation in terms of strati

graphic position in the upper Mancos shale and Iles formation is 

shown below.
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Percent of soluble 
mineral content

Trout Creek sandstone member 1.5

Unit 33 (non-marine phase) 31.0
tt 58 ( " ) 19 ° 0
h 86 ( « ) 24.7

h 94 ( " ) 10.7
ii 112 (Rim rock; marine phase) 3.7

Loyd sandstone member 24.3

First sandstone tongue 2.7

Second sandstone tongue 2.6

Morapos sandstone member 3.0

Meeker sandstone member 18.1

These carbonates are essentially preserved as cement, and the 

cementation can be either primary or secondary□ It is noticed that 

the carbonate content is fairly high within the non-marine phase of 

the Iles formation , but low in the marine phase and the sandstone 

members of the Mancos shale. The Meeker and Loyd sandstone members 

are exceptional.

According to Shepard and Moore (1955» fig» 42), the maximum of 

carbonate content on the coast of central Texas is in bays near rivers 

(the delta, upper bay, or swampy area). This environment may be 

similar to that under which the non-marine phase of the Iles formation 
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was deposited. Thus, it is most probable that the carbonate in the 

non-marine phase was formed as primary cement.

The distribution of the gasometric CaCO^ content on the shelf 

off the central Texas area indicates the general increase in CaCO^ 

content with increasing distance from shore with a maximum at the outer 

shelf (deeper than 120 fathoms). From the paleontological data, the 

sandstones of the Mancos shale should be considered as littoral 

sediments, shallower than those of the outer shelf. Shepard and Moore 

(1955 » P« 1520 and 1522) show that “the visual CaCOj8’ has a maximum 

in the bays near barriers which consist of essentially organic debris.

Since the Loyd sandstone member is very fossiliferous, the 

carbonate content of the member can be interpreted to have been 

derived from the organic remains. The Meeker sandstone member also 

contains a microfauna, and this member represents deeper deposition 

than the other sandstone members of the Mancos shale.

In the sandstones of the Mancos shale, the detrital quartz, 

grains have been replaced by calcite cement (Gilbert, 1955» P® 322 and 

324).
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VrWB

Figure 20. Photomicrograph showing the texture of a sandstone in the

Meeker sandstone member; note detrital quartz grains have been 

replaced with calcite cement (x 150). q0 quartz grain; c,

calcite cement
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STRATIGRAPHIC PALEONTOLOGY

The occurrence of fossils in the upper Mancos shale and the 

Mesaverde group in the mapped area and adjacent areas is shown as a 

chart on Plate 2. Besides those shown on the chart „ there are Ostrea 

congests and coccoliths in the top of the "Calcareous phase" of the 

Mancos shalep and various types of fossil burrows and trails in the 

Mor apo s sandstone member 9 Loyd sandstone member, and in some beds of 

the Iles formation.

The "First Mancos sandstone tongue" is locally fossiliferous, 

although it is barren at the measured section (section 3)o The unit 

yields Mactra al ta Meek and Hayden (fig. 21) 9 Inoc eramus pertenuis 

Meek and Hayden (fig. 22)„ and Gervillia sp.9 as fossil banks. The 

first two are very large specimens and might suggest excellent adaptation 

to the environment. The genera Mactra and Gervillia are considered as 

indicative of a near-shore, low salinity environment.

According to Hancock (1925D P» 12-13)D Stanton identified the 

following species from about 400 feet of the upper part of the Mancos
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i

2

t ï>.' a

Figure 21. Inoceramus subcompressus Meek and Hayden(above); Loyd

sandstone member (x 0.9).

Maçtra alta Meek and Hayden (below); "First Mancos
a—«mua -m i un — JUi ■ ii.mct.u-> ■’ ’

sandstone tongue" (x 0.9)
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INVUE S

Figurée 22. Inoceramus per tenu! s Meek and Hayden; "First Mancos 

sandstone tongue". Natural size. (Collected from SW Sec. 22, 

T. 3 N., R. 92 We).
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shale. Although their exact stratigraphic positions are not clear, 

it is assumed that they are almost all from the Loyd sandstone member.

Possible specific reference of Stanton's species to the present author's 

identification is indicated in parenthesis after the original name.

Pelecypods:

Avicula nebrascana Hayden and Shumard

A» 1 inguliformas Meek and Hayden

Cardium specie sum Meek and Hayden (= Ethnocardium white!

Henderson)

Corbulamella gregaria Meek and Hayden

Goniomya americ ana Meek and Hayden

ServiIlia sp.

Inoceramus sagensis Owen (= I. compressus Meek and Hayden)

I. bambini Morton

I. oblongus Meek? (™ I„ per tenuis Meek and Hayden)

Mytilus subarcuatus Meek and Hayden

Ostrea sp.

Liopsitha undata Meek and Hayden (= Cymella montanaensis

Henderson)

Syncyclonema rigida Hall and Meek

Lucina sp.

Tellina sp.

Gastropod °»

Aniomyon patelliformis Meek and Hayden (= A. sp.)
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Figure 23. Baculïtes n. sp. Cobban (MS)5 Loyd sandstone member.

Natural size. (Collected from Sec. 36, T. 5 $ R. 92 W.).
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Figure 24. Placenticeras meek! Boehm; Loyd sandstone member » (x 0.8)

(Collected from Sec. 36, T. 5 N., R. 92 W.).
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Figure 25. Pinna cfr. laqueata Conrad ; Loyd sandstone member <, (x 0.9)

(Collected from Sec. 36, T. 4 N., R. 92 W.).
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Cephalopod :

Baculites compressus Say (= B. n. sp. Cobban) 

The present author’s collection adds the following; 

Pelecypodss

Inoc eramus subcompr es sus Meek and Hayden

Pinna cfr. laqueata Conrad

Cephalopods

Placenticeras meek! Boehm

The mode of occurrence of the fossils in the Loyd sandstone member 

suggests their para-autochthonous fossilization. Baculites n. sp. 

Cobban (MS) is very important as the only reliable time-marker among 

the collection. According to Cobban (1958)» the same species is found 

from the B. n. sp. zone in the Mitten black shale member of the 

Pierre shale in the Black Hills area, and Cobban dates the zone as

”Upper Campanian”. The species was tentatively called B. cf. asperiformis 

by Cobban (1958, fig. 2). The size of the specimens referable to this 

species from the Loyd sandstone member is variable, probably represent

ing different stages of growth. The largest one was 15 inches long.

The specimens preserving apertural margins are illustrated here (fig.

23). The mode of preservation is variable ; some fragments consist solely 

of nuclei of nodules and some occur with aggregates of other molluscan 

shells o The genus Baculites has been reported from various 

lithologies ranging from shale to coarse sandstone and is considered 

to be either pelagic-planktonic or nektonic (See Bergquist and Cobban, 
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1957, P- 8?3) • The fossil assemblage of the Loyd sandstone member , 

as a whole, is considered to represent a littoral and near-shore 

marine environment.

The following species were identified by Stanton (Hancock, ibid., 

p. 17) from a "zone about 400 feet thick at the base of the Iles 

formation":

Pelecypods:

Cardium speciosum Heek and Hayden (= Ethnocardium white!

Henderson)

Donax? sp.

Inoceramus pertenuis Meek and Hayden

Mactra sp.

Tellina sp.

Ostrea subtrigonal!s Evans and Shumard

Anomia sp.

Pisces :

Shark teeth

These represent littoral faunas.

Sabal impérial!s Dawson is the only identifiable fossil collected 

from the non-marine phase of the Iles formation. Sabaliaeae„ the 

Recent correlatives, grow in a warm, subtropical or tropical habitat. 

The mapped area was probably a swampy back-shore environment under 

such a warm climate during late Campanian. An "erect tree trunk" in 

the non-marine phase, in association with coal beds, indicates the
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Figure 26. Sabal imperialis Dawson; Unit 90 of measured section 3

(lower Iles formation), Natural size. (Collected from NE Sec. 21,

T. 5 N., R. 92 W.).
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existence of diastems during intermittent non-marine deposition» 

Knowlton (Hancock, 1925, p. 18) identified Halymenites major Lesquereux 

and Ficus populo ides? Knowlton among the few fossil plants from the 

Iles formation.

Hancock (ibid., p. 17) found the following fossils from the upper 

250 feet of the Iles formation (identified by Stanton);

Pelecypods:

Gardium spec io sum Meek and Hayden (= Ethrnoc ardium white!

Henderson)

Inoceramus barabini Morton

Mactra sp.

Tellina sp.

Ostrea subtrigonalis Evans and Shumard

Gastropod :

Haminea sp.

This assemblage is essentially the same as that found in the lower 

marine (brackish) phase of the Iles formation, except for the species 

of Inoceramus, and suggests a similar near-shore environment.

No fossil collection was made in the Williams Fork formation.

The only identified species is Ethmocardium white! Henderson which is 

common in the lower units. The known occurrences of Etlimocardium white! 

Henderson in the mapped area indicate that this species was adapted to a 

near-shore bottom (probably sandy) and moved with it, as conditions 

shifted, during the deposition of the Williams Fork formation.
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STRUCTURAL GEOLOGff

Local Structural Features

The major structural features in the mapped area and adjacent areas 

are: (1) Monument Butte fault, (2) Stinking Gulch fault, (3) Axial Basin 

anticline, (4) Iles doubly plunging anticline (or dome), (5) Thornburg 

anticline, (6) Thornburg dome, and (?) Elkhorn syncline.

Faults

Monument Butte fault : The Monument Butte fault is the largest fault 

in the mapped area and merges eastward into the Hart syncline. The fault, 

named by Hancock (1925, p. 36),

"extends ... for a distance of 5 miles and coincides 
with the second gully south of Monument Butte, where 
it has a throw of about 800 feet*  ... West of Monument 
Butte, the movement seems to have been rapidly taken up 
by bending in the soft beds of the Mancos shale ...
Two normal faults visible in the Trout Creek sandstone 
rim near the south quarter corner of Sec. 33, T. 4 N., 
R. 92 W. ... may possibly connect with the Monument 
Butte fault".

The movement becomes less toward the west and the displacement disappears

before the fault reaches the main axis of Thornburg anticline.

* Heaton"71929, p. 99) described a (total Vertical) displacement of 
approximately 1100 feet; Nelson (1955 » P» 91 ) states "a maximum dis
placement of approximately 1000 feet down thrown to the north".

65
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Kms
Figure 27-a. Close-up view of the Monument Butte fault; looking east at 

the fault trace in SE NW Sec. 25, T. 4 N., R. 92 Wo f, bbnument 

Butte fault ; Ki, Iles formation? Km, Mancos shale; Kmm, Morapos

sandstone member

Km

Figure 27-b, Distant view of the Monument Butte fault; looking east

northeast from point on the fault trace in C Sec. 26, To 4 N., R. 

92 W. f, Monument Butte fault ; Ki, Iles formation; Km, Mancos

shale ; Kmm, Morapos sandstone member
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Stinking Gulch faults The Stinking Gulch fault named by Beattie 

and the author through the present study was described by Hancock (ibid.. 

p. 36) as “a large normal fault, with downthrow toward the south (which) 

lies about 1.5 miles north of the Monument Butte fault and nearly 

parallel to it'*.  Heaton (1929» p*  99) believed the vertical displacement 

of this fault to be 575 feet. Besides the displacement of the Mo rapes 

sandstone member and the displacement of the axial traces of the Axial 

Basin and Iles anticlines, a set of prominent joints developed along the 

fault plane (fig. 28) are observable in the basal Iles formation along 

the eastern side of Morapos Creek and substantiate the eastward extention 

of the fault. Thus, it is suggested that the fault may be a normal fault 

with a strike slip component. Vertical displacement, based on structural 

contouring on the top of the Dakota sandstone, is approximately 200 feet 

and decreases to the east. However, this value is not adequate to explain 

all of the horizontal offset mentioned above. This fault marks the 

boundary between the Axial Basin anticline and the Iles dome.

Folds

Axial Basin anticline: Though the Axial Basin anticline is not 

developed typically in the mapped area, this structure is mentioned with 

reference to other folds in the area. This anticline which is a south

ward extention of the large Uinta Mountain arch extends from the Juniper 

Mountain dome southeastward to the north of the Stinking Gulch fault. 

It is an asymmetrical fold; that is, the dips on the south side of the 

axis are much steeper than those on the north side. The anticline is



T 885

n
Figure 28. Joints developed in the basal part of the Iles formation 

along the Stinking Gulch fault; looking southeast fï*om C Sec. 17, 

T. 4 N., R. 91 W.
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plunging toward the east-southeast (cfr. Sears0 192-5o pl® 35)«

Iles doubly plunging anticline (or dome) : The term i8Seeping Spring 
asws&aossa £œc9Kraaœa «aaBMaaapssr«w «ara»1» acss^eaa

Gulch dome81 was introduced by Hancock in 1923» but the newer name 58 II es 

dome’* is in much more common usage at present*  The Iles "dome**  is 

actually a doubly plunging anticline with 500 feet of structural closure 

expressed in the surface outcrops*  "The dome is located near the south

east end of the Axial Basin anticline where the axis of this major trend 

bends abruptly to the south" (Nelson, 1955) * "Subsurface contours on the 

Dakota group show that the top of the dome is very similar to that shown 

on the surface map except the highest point has shifted a little more than 

t mile southeast" (Nelson, ibid* )*

Thornburg anticline and Thornburg dome: Thornburg anticline is 

defined here as the northwestern extention of Thornburg dome and is 

essentially the southeastern extention of the Axial Basin anticline 

and the Iles anticline*  Thornburg dome (Morapos dome by Heaton, 1929*  

p*  103) is located outside of the mapped area*  It has a closure of 

approximately 900 feet with the long axis trending northwest and south

east and with steeper dips on the southwest flank (Heaton, ibid* )*

The northwestern extention of Thornburg anticline is the same type 

of structure as Axial Basin anticline, except that it has an opposite 

direction of plunge. The Monument Butte fault separates Thornburg 

anticline from Iles anticline*

Subsurface contouring on the Dakota sandstone shows that the crest 

of Thornburg anticline shifts 0*35  mile northeast from the surface trace; 

i*  e*  the axial plane of this asymmetric fold is dipping 50 degrees



T 885 ?0

northeasto

Elkhorn synclines This north-south-trending syncline is developed 

just to th® west of the mapped area. Hancock (1925 p p« 34) mentioned 

that the syncline pitches steeply toward the south in the Monument Butte 

quadrangle and extends along the course of Elkhorn Creek in the Meeker 

quadrangle.

Regional Geotectonic Fabric

The geotectonic location of the mapped area, in the regional 

structural fabric of northwestern Colorado, is in the southeastern 

extension of the huge Axial Basin anticline which is the connection 

between the Uinta anticline to the northwest and the White River uplift 

to the south and southeast. This structural trend is accentuated in 

places by the sharp local uplifts of Cross Mountain and Juniper Mountain 

(cfr. Tectonic Map of Northwestern Colorado, 1955)® Furthermore, the 

whole of northwestern Colorado may be regarded as a part of the welt 

between the Colorado Plateau on the south and southwest, and the 

Eastern Rockies on the east.

Geometric Relationship between the Local Structures

The geographic as well as geometric relationship between the local 

structures in the mapped area and the adjacent regions is schematically 

seen in "Tectonic Map of Northwestern Colorado (1955)18 » Figure 22 of 

Kerr (1958)» or Figure 18 of Beattie (1958).
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It appears that the Axial Basin, Iles, and Thornburg anticlines are 

genetically related, perhaps of the same origin® The two normal faults 

were developed at the flexure of the huge anticline. The structure was 

further complicated by later secondary movements that produced plunging 

folds. The southern fold, of secondary magnitude, is the Hart syncline 

that is an extension of the Monument Butte fault. The Stinking Gulch 

fault occupies the crest of the plunging secondary anticline to the north.

Origin of Forces

Whatever the origin of forces involved, ESE-WSW trending primary 

compressive force should be postulated to form the regional tectonic 

fabric that exists in northwestern Colorado. The alignment of the 

Eastern Rockies, including the Front Range, and the Wyoming "Overthrust 

belt”, as well as the eastward migration of the Cord ill eran geosyncline, 

are evidence of an east-west to ESE-W2W compressive force. The Colorado 

tectogene (Kelley, 1956, p. 105) may be one of the possibly acceptable 

concepts to explain the origin of the secondary, more localized forces.

Possible Basement Control

Blackstone (1956, p. 8-10) believes that "the existing structural 

pattern is controlled by the behavior of the Precambrian basement, and 

only locally do the sediments control the deformation .... (in the general 

area under consideration) ... within the Precambrian basement, the 

control of local failure may be due to previous faulting, fracture 

system or distribution of rock-types". He interprets the origin of the 
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uniquely east-west-trending Uinta structure, as an example of shallow 

basement control (the thick Late Precambrian Uinta group).

The trend of schistosity of the Precambrian basement in northwestern 

Colorado is northwest (N 70° W) in the White River Plateau (MacQuown, 

1945, p. 884) 8 which is, according to MacQuown, similar to that of the 

eastern Uinta Mountains (Lovering, 1933)» and the Gunnison River region 

(Hunter, 1925)• Thus, MacQuown (1945, p. 885) concludes that "the strike 

of the schistosity (N 70° W) suggests a Precambrian structural trend in 

northwestern Colorado from the White River Plateau to the eastern Uinta 

Mountains”, There is further evidence of “some deep-seated northwesterly 

trending controls in the crystalline basement or the subcrustal regions 

in the form of northwesterly alignment of the laccolithic and certain 

plug centers on the Colorado Plateau” (Kelley, 1956, p. I07K These align

ments were named the La $al, Ute, and Henry porphyry lines, These 

trends are concordant with the trend of the existing structural pattern 

in northwestern Colorado.

Interpretations of the Informational History of the tapped Area

Two interpretations of the genesis of the local structures are 

possible, though they do not necessarily contradict each other. The 

first one is strictly based on the recent concept of "wrench fault 

tectonics” (Moody and Hill, 1955)» There is no doubt about the

applicability as well as advantages of this concept to the structural 

development of northwestern Colorado, as already mentioned by the 
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author1 s colleagues (Kerr, 195% Beattie, 195%« Since the problem was 

thoroughly discussed by the author's colleagues and the current author, 

and described by Kerr (ibid* ) and Beattie (ibid*), the author will not 

repeat the arguments for this interpretation * Those who are interested 

in the subject may refer to Beattie (ibid* ) and Kerr (ibid.).

The second interpretation may be referred to as the '"multiple phase 

theory”. At least two different phases may be involved. From the phase 

analysis of the Uinta structure, it is known that there were several, 

instead of one, orogenic episodes during the development of the structures 

in northwestern Colorado (cfr. fig. 30). Distinguishing two types of 

subsidiary folds in the Uinta Mountains, Hansen (1957» P» 36) concludes 

that the type B folds oriented normal or nearly normal to the main 

anticline (E-W trending, type A) appear to have formed later as a result 

of more nearly horizontally directed stress from the west.

MacQuown (1945, p« 885) also resolved the developmental history of 

the White Hiver Uplift into several steps, as follows 2

”1. The dominant vertical orogenic forces probably gave 
rise to both north-south and east-west trends and 
developed torsion locally ..... during the early 
phases of uplift.

2. Continued differential movement between the regional 
positive and negative areas set up torsion which 
developed cross structures.

3» An axis of torsion trending northwest could produce 
north-south tension and thus account for the numerous 
en echelon, east-west faults. Minor compression about 
this time would account for the westward overturning of 
beds •.«••

4. During the final stages of torsion the full intensity 
of vertical uplift could produce the north-south oblique 
pivotal faults and the related Flattops arch".
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Figure 29. Diagrams showing the structural development of the Iles

Major regional stress

dome area.
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In the Iles dome area, local anticlines and synclines were formed 

during the early phase of the Laramide orogeny (Paleocene?), under 

ESE-WSW to E-W regional forces of compression between the Cordilleran 

geanticline to the west and the Park Range to the east (fig. 29). The 

forces were applied to the N 70° W-trending Precambrian basement fabric 

(pe ?2). The basement control caused the primary forces to be resolved 

into two components, a shear component and a normal component, which 

formed two couples and were responsible for the NW-SE trend of the local 

folds. The local trend may be visualized as the greatest strain axis of 

a strain ellipsoid defined by the couples (fig. 29).

During and after the process of this deformation, the same couples 

caused the development of fractures perpendicular to the axes of the local 

folds. These tension fractures are parallel to the least strain axis of 

the strain ellipsoid model, and later (Miocene?) two normal faults follow

ing the fractures were formed . After the block between the two normal 

faults was freed from its connection with the local fold pattern, it 

might respond to the ESE-WSW to E-Vf regional compressive forces, thus 

accounting for the N-S-trending axis of the Ties "dome", This feature 

as well as the strike-slip movement along the Stinking Gulch fault could 

be, however, the result of the shear component of the regional forces. 

The available evidence is still insufficient to conclude definitely.
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HISTORICAL GEOLOGY

Regional Correlation and Time Scale

Regional correlation is necessary for an analysis of the historical 

geology of a specific area. Several datum levels observed in the mapped 

area can be used for regional correlation» They are (1) the top of the 

Calcareous phase of the Mancos shaleH , (2) the Loyd sandstone member 

containing remains of Baculites no spo Cobban (= B. of. asperiformis 

Cobban0 1958)9 and (3) the Trout Creek sandstone member of the Iles 

formation. The first datum is the boundary of a rock-stratigraphic 

unit. Its top is generally coincident with the top of the Niobrara 

fauna in the mapped, area, so that it could be used also as a time- 

stratigraphic unit (upper Santonian ?)o The second datum provides a 

correlation with the Baculites n. sp» Cobban zone in the Pierre shale ..    »i »i ’im ' «aaa *■
of the HL ack Hills area. According to Cobban (oral communication)0 the 

dating of this zone is upper Campanian » The third datum is a rock- 

stratigraphic unit; howeverp because of its blanket nature, the unit is 

locally an excellent stratigraphic marker.

76
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The available basic information is so limited that the history 

of the geologic evolution of the mapped area cannot be discussed without 

information integrated from adjacent areas in northwestern Colorado, 

south-central Wyoming, and eastern Utah» The following discussion is 

a compilation based essentially on published papers rather than an 

original work. The analysis is based on the correlation and dating by 

Reeside and Cobban (1952) and Reeside (1957)» instead of on Cobban's 

comprehensive revision9 which has not yet been published. Thus, there 

may be some inconsistent points in the discussion. 

Gross Geotectonic Framework during Late Cretaceous

During the Late Cretaceous, the mapped area was a portion of a 

long belt, the Rocky Mountain miogeosyncline, which was initiated in the 

Early Cretaceous and "at times extended from Central Mexico across the 

Western Interior of the United States and Canada into northern Alaska 

and Arctic regions’* (Reeside, 1957, p. 506) , and also reached "from 

Utah 900 miles eastward to Iowa and Minnesota" (Bartram, 1937)»

The provenance which supplied much detritus for the Cretaceous 

deposits was the highland on the west (the Cordillera or Cordilleran 

geanticline) which had been elevated since the Jurassic Period in 

western Utah, Idaho, British Columbia, and adjacent areas. This 

highland had advanced steadily from west to east, from Nevada to 

central Utah, during the span of Mesozoic time (Bartram, ibid., p= 90), 

The country to the east of the geosyncline was a very low, almost 

featureless region (Reeside, 19579 p= 509)9 although some detrital 

material was supplied from this side in the Early Cretaceous.
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Igneous activity, characterized by volcanism, occurred 

intermittently at various places after late Albi an. o The center of the 

igneous activity was probably in Idaho„ 

Coniacian to Early Santonian Transgression

A great expansion of the sea in association with widespread 

deposition of calcareous muds occurred during Coniacian and continued 

into early Santonian. This transgression covered "perhaps a greater 

area than any other epoch of the Cretaceous period" (Reeside, ibid., 

p. 525)o West of the area in which the relatively pure limestone mud 

(Niobrara) was accumulating was an extensive area where partly detrital 

muds (now calcareous shale), like the "calcareous phase of the Mancos 

shale" in the mapped area, were deposited. Farther west, wholly 

detrital muds were accumulating, In the calcareous shale phase "the 

large invertebrate fauna was scant, the commonest form being huge, but 

relatively thin-shelled Inoceramus grandis, coated with dense colonies 

of Ostrea congesta" (Reeside, ibid.„ p. 526), " The phase abounds in 

micro-organisms such as coccoliths. 

Late Santonian Regression

Late Santonian time began with an extensive withdrawal of sea 

water from the eastern part of the interior region, and the initiation 

of the deposition of sands over the north-central part of the Rocky 

Mountain region, In the mapped area, the beginning of the sandstone 

phase (Meeker sandstone member) may represent this episode.
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Early Campanian Transgression

Following the initial regression there was a wide expansion of 

the sea in late early Campanian which deposited the black shale of the 

upper part of the Mancos shale in the mapped area. The interval between 

the Meeker sandstone and the Mor apo s sandstone may correspond to this 

phase, 

Middle to Late Campanian Regression

The sea gradually began to regress toward the east in the 

middle Campanian, again leaving a thick sandstone wedge on the western 

side of the geosyncline. This regression continued into the next 

epoch, the Maes trie ht ian, and may have been related to uplift on the 

east (the Wasatch uplift), which resulted in not only the regression 

but also in a tremendous supply of detrital material (Mesaverde group 

of northwestern Colorado),

’’The deposits of the Campanian and Maastrichtian represent an 

epoch of fluctuating but slowly waning sea water" (Reeside, 1957» 

p, 53°) • A fairly steady retreat eastward of the strand line came in 

late Campanian time. The Mesaverde group in the mapped area is 

"characterized by the coal-bearing clastics, almost entirely of 

continental origin with an increase of brackish water sediments toward 

the east" (Heaton, 1950» P« 1698), The shoreline must have fluctuated 

during this time, however, as shown by the deposition of the Trout 

Creek sandstone member. The equivalent of the Mesaverde group east 

of the Front Range, the Hygiene sandstone, contains almost entirely 
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marine beds (sandstone carrying a marine Pierre fauna). These sands 

gradually become thinner and fewer and finally terminate in a zone of 

calcareous fossiliferous concretions called the Tepee Butte zone*  

According to Bartram (1937» P= 913), the bottom of the trough was 

near Newcastle and Craig , Colorado, and the Mesaverde sediments were 

thickest there in the bottom of the geosyncline, although they came 

from a western source*  In this respect, the result of the stratigraphic 

measurements of the four sections (pl. 2) is interesting for the result 

appears to prove Bartram’s contention.

Middle Maestrichtian Transgression

A wide marine invasion, which was responsible for the deposition 

of the Lewis shale of northwestern Colorado, is recorded in the middle 

Maestrichtian. The eastward movement of the strand line culminated 9 

in the middle and late Maestrichtian, in marine sands (Fox Hills 

sandstone; approximate equivalent of the Lewis shale of northwestern 

Colorado) which were well distributed over the eastern part of the 

Interior region*  The climate during the deposition of the Fox Hills 

interval is interpreted as warm to subtropical (Dorf, 1942, p. 28-30)= 

Danian

The last Cretaceous deposits in areas adjacent to the mapped area 

are represented by the Danian Lance formation which is non-marine and 

which was deposited following the withdrawal of the Late Cretaceous sea. 

This vast and permanent regression should be considered in association 

with the initial, not embryonic, phase of the Laramide orogeny. The 
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climatic condition probably was warm to subtropical (Dorf, ibid., 

p. 103)» 

Early Tertiary (Paleocene)

The Early Tertiary was the paroxysm of the Lar amide orogeny which 

had its initial stage in the Late Cretaceous, Since there is no 

direct evidence for dating the Laramide orogeny in the mapped area, 

except for the angular unconformity at the base of the Browns Park 

formation (?), the phase analysis of orogeny developed in the Uinta 

structure*should  serve as a clue to the tectonic history of the 

mapped area. The geologic history of northwestern Colorado during the 

Laramide orogeny is compiled as a modified table (fig. 30). As 

previously mentioned, it is important to know that the present Uinta 

structure was not formed through one "phase" of orogeny. The table 

shows that at least three to four tectonic episodes are assignable to 

the Laramide orogeny.

———imih mi, 1 mi ■» ■ in ■ 1 ■-« im   — ii'inriTjaM«ifi,i»ii.. । - .i-num ,ii urn raw in. i— «a i &'cn ■■     in ji ,;■» r-n I ■■ i him itbi « w •—»»<i. id i 'in '    tuixjui it

* Ritzma (1955» P= 36-3?) is of the opinion that "at least until the 

close of Paleocene time, the Unitas had not entered the structural picture 

(and) there was a low north-south trending fold . , , which is now 

reflected in the Douglas Creek Arch and the south portion of the Rock 

Springs Uplift (that existed) since Late Cretaceous (Campanian?)"„ He 

interprets this ancestral Douglas Creek Arch as a "foreland fold in 

front of the Cretaceous orogenic belt of central and northern Utah that 

had advanced from west to east from Nevada into central Utah . » = the
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arch began as a gentle warping » . . caused thinning in the Mancos and 

minor deposition of silts and sands as expressed at the Book Cliffs 

and elsewhere in northwestem Colorado . o ." "The Uinta arch began 

to grow and a strong east-west trench was rather abruptly superimposed 

across the older north-south trend during the deposition of the Hiawatha 

member of the Wasatch formationne The idea is very interesting, but 

definitely contradicts the observations of Hansen (1955 and 1957) and 

the author (see Part II of the thesis).
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PETROLEUM GEOLOGI

Subsurface Geology

Interest in the subsurface geology of the Iles Dome area is 

intimately related to petroleum exploration. Two formations, the 

Morrison and Entrada, produce oil in the Iles field and other formations 

(Maroon, Weber, Phosphoria, Shinarump, Chinle, and Curtis) contain 

either slight or strong oil stains. The Mowry shale was the producing 

horizon in the initial stage of the Iles oil field. Each of the strati

graphic units in the subsurface of the Iles field area is briefly 

described below in ascending order*

^Morgan formation

The Morgan formation (Blackwelder, 1910; Brill, 1944) consists 

, of red and white, fine-grained sandstone with intercalated shales and 

crystalline marine limestones. The formation has been dated Morrowan 

to Desmoinesian, so that part of the formation is correlative with the 

Weber and/or Maroon formations at places*

In the mapped area, the formation may be 1500 feet thick and 

includes the “Belden shale equivalent” close to the bottom. It is 

84
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possible that the so-called “Madison" in the Madison #1 well (NW SW SE 

Sec. 22, T. 4 N., R« 92 W. in the Iles field) is still within the 

Morgan formation.

The formation has a facies relationship with the overlying Maroon 

formation, and its upper boundary is tentatively placed at the base 

of the gypsiferous member of the Maroon formation. A small amount of 

black hydrocarbon residue was found in a medium- to coarse-grained 

sandstone at a depth of 7035 feet in the Madison $1 well.

Maroon formation

The Maroon formation (Emmons, et al., 1894) consists of red, 

yellow, and brown shales, sandstone, arkose, and conglomerate with 

intercalated lenticular beds of siltstone, gypsum and thin limestone. 

There is a predominantly gypsiferous part in the lower half, which 

possibly may correspond to the Paradox member of the Hermosa formation 

to the southwest. As a whole, the Maroon formation is a lateral 

facies of the Weber formation (discussed below) and is believed to be 

Desmoinesian-Wolfcampian in age. Scattered oil stains have been found 

from the upper sandy part. The total thickness in the Madison #1 

well is 1270 feet, of which the lower 640 feet is gypsiferous.

Weber sandstone

The Weber sandstone (King, I876), often called the Weber 

quartzite, consists of "typically a buff to light gray, very fine- to 

fine-grained, cross-laminated sandstone with low porosity and 

permeability" (Hoffman, 1957)« Thin dolomite and limestone beds
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i are common. Common cementing materials are silica, calcite and

L_clay in varying proportions»

The Weber sandstone of the mapped area has been called the School 

House tongue of the Weber formation (Thompson, 19499 P° 72; Brill, 1952, 

p. 823), Leonardian, which may represent a "transgressive sandstone" 

belonging to several or all of the Desmoinesian, Missourian, Virgilian, 

Wolfcampian, and Leonardian epochs»

The formation is one of the most significant targets for petroleum 

exploration in northwestern Colorado (Hoffman, ibid»), although no 

production has yet been obtained from the mapped area» Recent attempts 

to determine the possibilities of stratigraphic petroleum accumulations 

in this formation have resulted in several wildcat wells in the mapped 

area, which is west of the Weber-producing Thornburg field (e.g., 

Trident-Forest Gray in Sec» 36, T. 3 N., R. 92 W», and Murfin-1 Wellman 

in Sec. 24, T» 3 N», R. 92 W.). In the Iles Dome area (Madison #1 

well), a stratigraphic section of 152 feet (4558 - 4710 feet) 

comprises the Weber formation.

According to Hoffman (ibid.„ p» 903), extensive fracturing is a 

common characteristic of the formation at Thornburg field, east-southeast 

of the mapped area, and the fracturing influences production. The facies 

change represented by the zone of inter fingering Weber and Maroon-type 

sediments is a factor thafenay result in the erratic oil-water contact 

at Thornburg field. Core samples show the porous (about 15 percent) 

and permeable (greater than 40 millidarcys) intervals to alternate 
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with tight intervals. The similar- interval at the Iles field shows 

slight or poor porosity.

In general, it is belieVed that the formation was deposited in a 

marine, littoral environment.

Phosphoria formation

The Phosphoria formation (Richard and Mansfield, 1912) in the 

mapped area unconformably overlies the Weber formation (School House 

tongue) and is composed of gray or red shale, siltstone and thin 

dolomite teds. The term, Park City formation (Boutwell, 190?) » has 

also been adopted for this interval. Basal "State Bridge formation" 

(Brill, 1942, p. 1392s Brill, 1952, p. 823-24), but not "State Bridge 

siltstone member of the Maroon formation" (Bassett, 1939» p. 1864, and 

Donner, 1949, p. 1228-29), may be correlative with this formation 

(Sharps,1955» P» 16). The formation is 140 feet thick (4417 - 4558 feet) 

in the Madison #1 well. The upper 30 feet is saturated with oil. The 

formation here is dated tentatively as Guadalupian (Williams, 1943) « 

Moenkopi formation

This Early and Middle (?) Triassic formation consists of siltstone 

and shale of variegated color and is believed to be entirely continental

(McKee, 1954) or possibly near-shore marine with reducing conditions

off-shor(^Sharps, ibid., p. 16) The formation is 357 feet thick

(4060=4417 feet) in the Madison #1 well and is barren of hydrocarbons.

Recently, production has been completed from this interval in the

Danforth Hills area to the west.
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Shinarump conglomerate

The Shïnarump conglomerate (Powell9 I876; Wilmarth9 1938) is 

composed of coarse sandstone and pebble-conglomerate, with maroon

colored thin siltstone» Unusual lithologies such as shale-pebble 

conglomerate and features such as bleached mud-cracked shale occur in 

minor amounts but are characteristics of the formation in the area» 

The formation unconf ormably overlies the Moenkopi formation » The 

thickness of the Shinarump conglomerate is 210 feet (38^0 - 4060 feet) 

in the Madison #1 well. Basal part has median porosity and strong oil 

stains and residues» Since the Shinarump conglomerate is one of the 

producing horizons in northwestern Colorado (e»go , Moffat field0 

several miles west of the mapped area; Rangely field; Oak Creek field; 

Pagoda field) » further investigation of this interval in the mapped 

area may be worthwhile»

The depositional environment is probably "fluvial and sub

aerial-subaqueous mudflat" (Sharps9 ibid»)» 

. Chinle formation

The Chinle formation (Gregory, 1915 and 1916) conformably overlies 

the Shinarump conglomerate and is composed of red siltstone and shale 

interbedded with minor amounts of red sandstone» The siltstone has 

traces of oil in many horizons that is probably related to fractures. 

The thickness in the Madison #i well is 320 feet (3530 - 3850 feet)» 

The depositional environment of the Chinle formation may be fluvial,
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Entrada-Navaj  o interval

This interval is a composite unit consisting of two formations, 

the Navajo sandstone at the base and the Ehtrada sandstone at the top. 

Although the segregation of these two formations is difficult in 

subsurface stratigraphy, the considerable variation of the thickness of 

the “Entrada” is attributed to the effect of the major unconformity at 

the base of the Entrada sandstone and the remnants of the Navajo 

sandstone below the unconformity.

The interval is 240 feet thick (3290 - 3530 feet) in the Madison

#1 well. The complete Navajo sandstone is dated HLiensbachian and 

Toarcian, although only the Pliensbachian part may remain in the mapped 

area .,7 The Entrada sandstone (Gilluly and Rees ide, 1926) is composed of 

î very fine- to fine-grained, well-sorted, clean, sandstone which is 

/ very friable and massively cross-bedded. It is believed to have an 

eolian origin. ■     —.—
All the sandstones from 3290 to 3455 feet in the Madison #1 well 

are oil-stained. This interval is the most important producing zone 
in the Iles field, ^he term “Sundance” has been applied to this section, 

although only the lower part of the Sundance formation is correlative 

with the Entrada sandstone. The Entrada sandstone has been dated 

Callovian.

Curtis formation

The Curtis formation (Gilluly and Reeside, 1926) conformably over

lies the Entrada sandstone and is composed of glauconitic sandstone and 
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limestone with minor beds of gray-green and green shale. Oolites 

and shell fragments are characteristic of this formation., Some sand

stone beds in the Madison $1 well are oil-stained. The top of the 

formation is hard to locate in the subsurface. The approximate thick

ness in the Madison #1 well is 140 feet (3150? - 3290 feet). The 

Curtis formation is dated Oxfordian.

-Morrison formation

The Morrison formation (Eldridge, I896, p. 60-62) in the mapped 

area can be divided into two ’’members®, upper shaly and lower sandy, 

called Brushy Basin shale member and Salt Wash sandstone member, 

respectively. Freshwater limestone and marl are consistently present 

in the middle portion of‘the formation. The shaly member is composed 

of varicolored shale intercalated with thin gray dense limestone and 

siliceous sandstone. The lower sandy member consists of clean, 

medium-grained, cross-bedded sandstone at the bottom; poorly sorted, 

calcareous, medium-grained sandstone interbedded with shales in the 

middle; and a series of mottled and variegated siltstones and bentonitic 

shales at the top.. The upper boundary of the formation, below the 

Dakota sandstone, is defined as the base of medium-grained, quartzose 

clean sandstone, which is partly conglomeratic, and appears to be the 

result of channeling. The total interval of the Morrison formation 

is 347 feet thick (2783 - 31J50? feet) in the Madison #1 well. Slight 

oil stains were found from a sandstone close to the bottom of the 

formation. Production in the Morrison formation has been established 
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in the Iles field and also in the Moffat , Danforth Hills, Maudlin 

Gulch, Wilson Creek, and Temple Canyon fields » The formation is dated 

Kimmeridgian and Portlandian. 

Dakota sandstone

The post-Morrison and pre-Mowry section is called the Dakota 

sandstone. The Dakota sandstone can be divided into either two or 

three members (Konishi, 1958), Both the top sandstone member and 

basal conglomeratic sandstone unit are oil-stained in the Madison #1 

well. The whole interval, particularly the top member, is water-bearing 

in the Iles Dome area./? A little gas and small amounts of low grade 

oil were found with the water. Considerably significant oil production 

is obtained from the Dakota at Moffat field and gas production at 

Thornburg field. For the details of this formation refer to Konishi 

(1958), a study that comprises the second part of this thesis. 

Mowry shale

The Mowry shale (Darton, 1904), overlying the Dakota sandstone 

conformably, is composed of gray to black, characteristically siliceous 

and fish-scale-bearing shale. Its top is defined by a prominent 

bentonitic bed, which defines the boundary between Upper and Lower 

Cretaceous (Clay Spur bentonite). The Mowry shale in northwestern 

Colorado and in Wyoming is dated Albian, Fractured shale of this 

interval has been a producing zone in the Iles dome area. Small oil 

production is also obtained from this interval in the adjacent Moffat 

field. The thickness in the Madison #1 well is 80 feet (25?0 - 2650 feet).
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Frontier formation

The Frontier formation or sandstone (Knight, 1902), which was 

called "Mancos sandstone" in eastern areas, is composed of gray, fine

grained, hard and quartzose sandstone interbedded with sandy shale. 

Although the base is well-defined by the bentonitic bed mentioned 

above, the top is defined fairly arbitrarily at the top of the 

prominent sandstone beds. The formation is dated Cenomanian.

Gas shows have been reported from several wells in the Iles field. 

Small amounts of oil have been obtained from the Frontier at the 

Thornburg field. The interval is 313 feet thick (2570 - 2257 feet) in 

the Madison #1 well. There are several bentonitic beds within the 

formation that are traceable regionally, among which there is a prominent 

one correlative with the X-bentonite of the Denver Basin. This bentonite 

marks the base of the Greenhorn faunal zone.

Mancos shale

The detailed description of this stratigraphic unit is given in 

pages 9 = 26 of this texW Oil production from the horizon just above 

the top of the "calcareous phase" of the formation has been developed 

in the Moffat field.

Iles Dome Field

The Iles field was the largest oil field in northwestern Colorado 

until the development of Weber production at Rangely after World War II. 

Most of the wells were drilled from 1924 to 1947, and, today, the 

Iles field, with the two producing stratigraphic units, the Morrison
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and the Entrada, has production statistics as follows :

Entrada Morrison Total

Cumulative Production
Oil* 13,808,763 1,279,939 15,088,702

(to Dec., 1957) Gas** 1,637,768 17,206 1,654,974

Annual Production
Oil* 183,789 220,528 404,317

(1957) Gas** 84,317 6,347 90,664

No. of Producing Wells 11 3 14

* bbls (Data from Colorado Oil and Gas Conservation Commission) 
** M3F

History of Development (Nelson, 1955)

The first test in this area, a dry hole, was drilled by Longco 

Oil in 1918 on the north flank of the structure beyond the Stinking 

Gulch fault (NE SW Sec. 14, T» 4 N„, R. 92 W.) and encountered water

bearing Frontier sand and shows of gas in the Mancos shale section.

Six years later, the Midwest Oil Company drilled the No. 1 French, 

in the NE SW of Sec. 22, T. 4 N., R. 92 W., and the well was completed 

September 8, 1924, as an oil well with an estimated I.P. of 1100 BOPD 

from the Mowry shale. However, this well quickly went to water. Three 

additional shale wells were completed in 1925 and 1926, but all are 

now abandoned.

On April 1, 1927, the Midwest Refining Company completed Parkinson 

No. 4 located in SW SE of Sec. 22, T. 4 N., R. 92 W., for 1900 BOPD 

from the Entrada sandstone. This well also encountered gas and oil 

shows in the Morrison formation and is credited as being the discovery 

well for both horizons. "This was the first well in Colorado to find 
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oil below the Dakota interval in important amounts1* (Brainerd and van 

Tuyl, 19540 p, 19) » The Ehtrada production has been called "Sundance". 

The year 1936 recorded the maximum production with 1,164 , 540 bbls of 

oil from 22 wells.

After the discovery in 1933» and particularly the later development 

of the Weber production at Rangely field» Stanolind Oil and Gas Company 

drilled the No. 1 Madison » located in NW SW SE of Sec. 22» T. 4 N., 

R. 92 W., to a total depth of 748? feet in the "Madison formation". 

A drill-stem test taken in the Weber sandstone recovered 2?0 feet of 

32.2 degree API gravity oil and 480 feet of drilling mud» but attempts 

to complete were unsuccessful. A drill-stem test in the Shinarump 

formation recovered only fresh water and mud, although oil staining 

was noted in samples. Since 194?» the production has shown a downward 

trend (See "Production Data" on p. 1?6, Rocky Mountain Association of 

Geologists, 1955)o

A total of 37 wells were drilled from 1924 to 1957» During the 

last few years, only 3 new wells were drilled. The annual production 

has dropped in proportion to the decrease of number of producing wells. 

Nature of Oil

The nature of oil produced from the Iles field is tabulated below.

* At 100°(seconds)* (Data from Dobbin, 1950» and Dyer in Rocky Mountain 
Association of Geologists, 1955)

Producing 
beds

API 
gravity

Pour 
point Color Base Sulphur

Saybolt 
viscosity*

Mowry

Morrison

33.0

31.5

15°F

30°F

Brownish- 
green

inter
mediate

less than
0.10#
0.10#

52

Ehtrada 31.2 below 5°FBrownish-
(30°F) black

inter
mediate

less than
0.10#

63
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Exploration Drilling around the Iles Field

The gas discovery in the Weber in 1951 and subsequent oil production 

from the same formation at Thornburg field attracted attention again to 

the Weber sandstone in the mapped area. Several exploratory wells were 

drilled. So far, all of them have been dry, but they have revealed 

important stratigraphic, as well as structural, information. The Triassic 

Shinarump conglomerate has also been a target during the last few years.

The following are representative exploratory wells recently drilled

within the mapped areas

Name of well Location Date of 
completion Record Significance 

of location
Trident Oil-R.
& R. Well Serv.
#1 Forest Gray

SB SB NW 
36-3N-92W

7-18-56 Slight oil.stain 
from Weber.

Stratigraphic 
information in 
relation to Weber 
production on 
east (Thornburg).

Texas Pacific 
Coal & Oil Co., 
#1 Gov’t.

C SE SW 
35-4N-92W

12-24-56

Black oil stain, 
light and spotty 
oil stain, slight 
oil stain from 
Weber? DST in 
Weber recov. few 
oil globules, 
Dakota had slight 
show, DST slight 
oil shows with 
strong sulphur 
odor.

Weber located on 
the axial plane 
of asymmetric 
Thornburg 
anticline.

Marfin, #1 
Wellman

C NE NW 
24-3N-92W

IO-25-57

Oil stains along 
fractures (4479
92; Weber); spot
ted oil stains & 
odor (4495-4510; 
Weber); DST in

Stratigraphic 
information 
in relation to 
Weber production 
to east 
(Thornburg).

Weber nothing but 
mud water (4427
4510).
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Possible Future Exploration in the Mapped Area

It seems improbable that new structures, or new oil reservoirs 

will be found in the described structures within the mapped area» 

Stratigraphic entrapmentP particularly in the Weber sandstone, however, 

seems to be a highly promising possibility, despite the discouraging 

records. According to Hoffman (1957) » the interfingering of the Weber 

with the Maroon formation controls the Weber oil accumulation at Thorn

burg and Rangely fields» As a general concept, Hoffman11 s conclusion is 

accepted, and an intensive litho facies analysis of the Weber sandstone 

may be strongly recommended as the urgent task of petroleum exploration 

in northwestern Colorado » The Iles dome area may supply valuable 

information as regards this type of analysis»
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CONCLUSIONS

The Upper Cretaceous rocks outcropping in the Iles dome area are 

classified, in ascending order, into (1) Mancos shale, (2) Iles 

formation, and (3) Williams Fork formation. The last two units can be 

grouped as the Mesaverde group. Three sandstone members are recognized 

in the upper Mancos shale; they are (1) Meeker, (2) Mor apo s, and (3) 

Loyd sandstone members, in ascending order.

The Loyd sandstone member is named and defined in this paper as 

a prominent, pale green, fossil!ferons, and weather=resistive sandstone 

unit, just below the boundary between the Mancos shale and the Iles 

formation. The faunas from this member are characterized by Baculites 

n. sp. Cobban (-B. of. asperiformis Cobban, 1958), Inoceramus compressus 

Meek et Hayden, I. pertenuis Meek et Hayden, etc., and indicative of 

the Baculites n. sp. zone of the upper Campanian.

Besides these sandstone members, two sandstone tongues are locally 

traceable within the upper Mancos shale. The tracing of the boundary 

between the Mancos shale and the Iles formation in three different 

97
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stratigraphic sections, extending from the mapped area to the Pagoda 

area (20 miles to the east), proves the intertonguing nature and 

eastward stratigraphic rise of the boundary. The similar northward 

rise of the boundary from the type area of the Mesaverde group in 

southwestern Colorado to northwestern Colorado is proved biostratigraphi- 

cally, since Scaphites hippocrepis (De Kay), indicative of lower 

Campanian, has been found from a horizon 75 feet beneath the top of 

the Mancos shale in southwestern Colorado (Reeside, 1924, p. 12), whereas 

the similar stratigraphic position in the mapped area of northwestern 

Colorado is dated upper Campanian as mentioned above.

The Iles formation can be divided into three phases, in ascending 

order, (1) marine phase, (2) non-marine phase, and (3) marine phase» 

The last part includes the prominent, persistent Trout Creek sandstone 

member at the top. As a whole, the Iles formation indicates that it is 

the product of a regressive fluctuation, with eastward migration of the 

shoreline, which resulted in the deposition of non-marine sediments.

Tertiary Browns Park formation (?) and Quaternary deposits veneer 

the Upper Cretaceous rocks with unconformities.

The name Stinking Gulch fault is proposed for the northernmost, 

normal, possibly strike-slip*  fault, which, with the Monument Butte 

fault to the south, borders the 18Iles dome", which is actually a 

doubly plunging anticline. An asymmetric anticline plunging toward 

the northwest is recognized in the center of the mapped area and is 

called Thornburg anticline. This is the northwestern extension of
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Thornburg dome and the southeastward extension of the huge asymmetric 

Axial Basin anticline» The "Iles dome” is the connection between 

these two anticlines0 which are plunging in reverse directions at the 

border of the above-mentioned two normal faults »

Within the mapped area» the possibility of discovering new oil 

accumulation in the mapped structures seems very remote » although 

stratigraphic entrapment in the Weber sandstone is still a distinct 

possibility»
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DETAILED STRATIGRAPHIC SECTIONS

Section 1. Upper Cretaceous section of Iles and upper 1300 feet of 
Mancos formations measured in Hayden Gulch, in Sections 12 and 
13, T. 4 N.» R. 89 W., Section 36, T. 5 N., R. 89 W., and 
Section 10$, T 4 No, R. 89 Wo, Routt County. Measured by 
Bobby Kerrs Donald Beattie9 and Kenji Konishi, July 199 1957»

Williams Fork formation (Upper Cretaceous)
—----Transitional—
Iles formation (Upper Cretaceous)

Unit

2

80

3

422

4

8

5 Covered : possibly black carbonaceous shale 1?

6
location) 13

Sandstone7

67

8

12

black carbonaceous 
unit generally

Thickness 
(Feet)

poorly sorted 9 silica 
white sandstone ledge

Sandstone s white to light-gray, fine-to medium
grained, angular to subangular quartz, silica 
cement, slightly friable, massive; forms 
prominent white ledge at top of Iles formation = 
(Trout Creek sandstone) 0.0»o»oooooc»oooooooooo

light-gray, fine-to medium
quartz 8 
massive

white to
grained, subangular 
cement; forms first
below Trout Creek sandstone

Sandstone : red to red-brown, very fine-to fine
grained, subangular quartz, silica cement, massive 
and blocky, poor outcrop former .......0.0........

Coals bituminous, slightly shaly; (Rice Mine

Sandstone, shale, and coal» interbeddeds 
sandstones are broan, thinly bedded, and lens 
rapidly; shales are black, thinly bedded and 
carbonaceous; coals are black, slightly shaly, 
sub-bituminous; total interbedded unit generally 
forms covered saddle interval below the Trout 
Creek sandstone oooooaooo-QoyooooooQOooaeoocoooptJ 1

Shale and coal, interbedded 
shale and thin-bedded coal, 
covered oeeQeeQvoooootiooooa



Unit

9

10

11

12

13

14

15

16

17

18

19

20

21
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Thickness 
(Feet)

Sandstone : white to brown, very fine
grained p subrounded quartz, well-sorted , 
silica cementp well—mdimated ooooo.ooooooooooooooo» 11

Sandstone: light- to dark-gray, similar to 
number 9, ©xcept nodular ooooooooooooooooooooooooooo 15

Coal: seam of bituminous coal, (Barton or Sun
Coal Mine location) OOOOCOOOOOQOQOOQOOOOOOOOOOOOOOO®

Shale and siltstone: interbedded, light- to 
dark-brown, sandy, thin -bedded ooo.o = 0<,oo0«oo00oo0oo 12

Sandstone : yellow-brown and gray, very fine- to 
fine-grained, subrounded quartz, poorly sorted, 
very calcareous, iron stained; massive, slight 
iCdge ^01*11101  OO.oOOOOOOOOOOOe 00000000000000000000.0° 68

Covered: possibly sandstone; light-brown, 
fine-grained, thin-bedded, and shale, dark-

3,y*  tO oooocqooooooooooooooqoooooocooooqooqoo 74

Sandstone: light- to yellow-brown, fine- to 
medium-grained, subangular quartz, poorly sorted, 
very calcareous, iron stained; forms resistant 
blocky lodge 000.000.000000000000000000000000000000° 7

01^ cd Û OcoOOO 00000000 OOOOQOOOOOOOOOOOOOOOOOOOODOOO 20

Sandstone : light-brown to brown, fine- to 
medium-grained, subangular quartz, silty, very 
calcareous, iron stained; well indurated, 
ma^sszL^^e, 16d^@ 0 00000000000 °o <>0000000 000000 00 30

° oooooooooocco oooeoooooOooooooooooooooQooooo 10

Sandstone : white, red, and brown, fine-to 
medium-grained, subangular quartz, fair sorting, 
iron and silica cement; massive, upper part 
white, lower pæzt .oooo.oooo.oooooeoooooooooo. 64

Covered : probably alternating thin-bedded
Scinds'tfOUcg sil*tsi/Onsp  siind sIasJL® ooaoooaooooooooooooa 24

Sandstone: similar to number 19 ............oo...... 72
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Unit

22 Covered % possibly alternating thin-bedded 
sandstone and shale ooooooo»ooo==o=oooooo

23 Sandstone : yellow to yellow-brown 9 very fine- 
to fine-grainedB subrounded, fair sorting, 
silica cement9 iron stained , partially cross- 
bedded, lower part gray to green and massive 
with nodules up to 18 inches in diameter = o <> = = = = <> =

24 Covered : probably alternating thin-bedded
^LTld o = oo = oo=<>oooooooooooeoo=ooo = oo

25 Sandstone : red-brown to yellow-brown, 
weathers almost black, very fine- to fine
grained , subrounded, well-sorted, very 
calcareous, iron stained, massive =0======o»=ooo==

26 Covered : = = = = =

2? Sandstone ° yellow-brown to brown, fine-grained, 
subrounded quartz, well-sorted, calcareous,
iron stained 
very friable

massive with some crossbedding.

28 Covered: «OOOOOOOOOOOOOOOOOQQOOOOOOOOOOOOOOOOOOOOO

29 Sandstone : light-brown, very fine-grained, 
subrounded, silty, calcareous, iron stained, 
massive and crossbedded 0=0000000000000,0000

30 Sandstone and shale: interbedded: sandstones are
brown, fine-grained, silty, thin-bedded and 
crossbedded, beds up to one foot thick; shales
are black and gray, 
slightly calcareous

slightly carbonaceous, and

31 Sandstone s white to 
grained, subangular 
sorted, calcareous,

light-gray, fine-to medium- 
to subrounded quartz, well- 
spotty iron staining, upper 

part forms massive white outcrop, upper two 
feet carbonaceous (Upper part of Tow Creek sand
stone) 9 O Q 09000000 O 00 OOO OOO QOOOOOOoOO 0090 O O O Q O O O

32 Sandstone= light-to dark-brown, very fine- to 
fine-grained, subangular quartz, fair sorting, 
very calcareous, massive and blocky = = o = = = = = ==

Thickness 
(Feet)

71

23

8

20

23

28

23

15
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Unit

Units 31 and 32 make up upper part 
of Tow Creek sandstone .. *........

33 Sandstone and siltstone , interbedded : thin- 
bedded, forms non-resistaht layer in middle 
of Tow Creek sandstone 00.0000000000.000.00

34 Sandstone : yellow-brown to dark-brown , very fine- 
to fine-grained, subangular quartz, fair sorting , 
very calcareous, some iron staining, massive and 
blocky (Bottom part of Tow Creek sandstone) e... <> =

Total Hes formation o...o...o.ooo.

-——Transitional-——
Mancos formation (Upper Cretaceous)

Unit

35
41

Sandstonea siltstone, and shale, interbedded= 
Sandstone: light-brown to red-brown, very fine
grained, silty, subangular quartz, poorly 
sorte!, calcareous, thinly bedded and cross
bedded, rapid lensing ; shale: dark-gray to 
black, thinly bedded, silty, calcareous, 
siltstone: similar to sandstone, except finer 
grained ..., total unit forms slopes under 
Tow Croelî sandstone oooooq.oooooooooooov.oo.ooo

42 Sandstone : yellow-brown to dark-brown, fine
grained, angular grains, fair sorting, very 
calcareous, thinly bedded and very hard in upper 
part, lower part massive and not too resistant to 
weathering g total unit forms prominent ledge 
under Tow Creek sandstone ....o..oo...ooo..o.oo..

43 Shale: gray to black, thinly and massively 
bedded, silty, slightly calcareous, very 
thin beds of siltstone, total unit generally 
covered OQQO»OOOQOOQQOOOOOOOOOOOOQOCQOOOOQOO

44 Sandstone : light-brown to tan, fine- to 
medium-grained, silty, poor sorting, very 
calcareous, lower part more silty and less 
resistant than thin-bedded upper part, (similar 
to number 42), forms lowermost resistant sand
stone on southern face of Williams Fork Mtns o o.

Thickness 
(Feet)

. 67

. 12

- 30

0 1385

Thickness 
(Feet)

. 409

o 50

. 327

o 40
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Unit

45 Shale g similar to number 43

Thickness
(Feet) 
350

46 Sandstone s similar to number 44, more thinly 
bedded than number 44 (Morapos member of the
Mancos) 00o*000000000000090 00 o a o O o o oetoooooo est « 40

4? Shale: same as number 43, less silty.
more clayey » « o o o o o o o Q & O OOOOO OOOOO O

3700 feet to Frontier »»

Section 2. Upper Cretaceous section of lies and upper 400 feet of 
Mancos formation measured in Jeffway Gulch, in Sections 9® 16, 
and 21 T» 4 N», R„ 90 Wo, Moffat County» Measured by Donald 
Beattie, Bobby Kerr, and Kenji Konishi, July 20 and 21, 1957» 
Described by Donald Beattie»

Williams Fork formation (Upper Cretaceous)
——Transitional——
Iles formation (Upper Cretaceous)

Unit Thickness
(Feet) 

2 Sandstone : gray-white, medium-grained, sub
rounded grains, iron stained with iron 
stained concretions scattered throughout, 
weathers to a gray-white to light-brown ledge, 
extremely friable in places giving a honey
comblike structure, massive with cross-bedding 

lower portion (Trout Creek sandstone) »»»».»».»»»». 68

3 Covered : probably thin sand beds, sandy shale
197

4 Coals bituminous, shaly, soft when weathered ..»..» 3-5

5 Covered :

6 ’Sandstone: gray-white, fine-grained, subrounded 
grains, well-sorted, iron stained, thick-bedded, 
gray-white to light-brown on weathered surface » » » » 7

7 Covered : 32
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Unit

Sandstone: gray-white, very fine-grained 
subangular grains, well-sorted, slightly 
friable and vuggy, gray on weathered 
surface oooeooooQ-oeoeeooeeoovoooQooooooo

Thickness 
(Feet)

19

9 Siltstones light-brown, shaly 1?

10 Sandstone : white to light-brown, fine-grained, 
subrounded grains, well-sorted, heavily iron 
coated, slightly friable, weathers to a medium-
to dark-brown

11 Shale: gray, very calcareous, fissile, weathers
to a light-gray, unit partly covered . ........... 73

12 Sandstone : light-brown, fine-grained, sub
rounded grains, well-sorted, strongly cemented 
with calcareous material, weathers to light-
bï*  OWT1 oooe#ooooeooeooe»o0»eeeoocie®oeoe»oooop<>ooooovo Ô

13 Covered : thin sandstone bed six feet thick 
approximately half way through unit; sandstone, 
light-brown to white, fine-to medium-grained, 
subangular to subrounded grains, well-sorted, 
slightly calcareous, slightly friable, weathers
tO gray-brown ooeoooooeo«>oooeooeaoooooo66oo»ooooooeo 122

14 Sandstone : upper portion, gray-white, medium
grained , subangular to subrounded grains, slightly 
calcareous, slightly friable, well-sorted, iron 
stained, weathers to white; lower portion, light
brown, medium-grained, highly calcareous, heavily 
iron coated, weathers to a medium-brown, cross
'd ecLded tlirOUgllOlit ♦ o o o o oooooooo ooooooe»e ooooooeaoooo 47

15 Siltstone: light-brown, shaly, calcareous,
unit partly confer ed o @ o «<>oooooeoo <><>00 ooooo»oeooo»o o • 3^

16 Sandstone : gray-brown, fine-grained,
calcareous, weathers to medium-brown ...........  8

17 Covered : 107



Unit

18

19

20

21

22

23

24

25

26

27

28

29
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Sandstones light-brown, medium-grained,
subrounded to subangular grains, well-sorted, 
highly calcareous, cross-bedded, iron stained 
in thin bands, weathers to a medium-brown © © o o o © <> » © ©

Thickness 
(Feet)

COV*  ered o Ooooooeoooaocooooooooociooooooooooooooaooooo 208

Sandstone : light-brown, medium-grained, sub- 
angular grains, well-sorted, highly calcareous, 
very friable, cross-bedded, weathers to medium-
"bl'1 OWn ooooooooooooecoeooooooooooooûoooooooooooQooooo 41

Shales gray-brown, silty, moderately
"V^ S OO OOO e O O OOOOOO0 OOO OO QOOOO O O OOOCoOO oo»oooo 28

Sandstone : upper portion, gray-white , fine
grained, subangular grains, well-sorted, 
weathers to gray-white; lower portion, light- 
to medium-brown, very friable, cross-bedded, 
"weathers to a laglnt—brown. © © ° © © « o o © © <> © © © © o o o o o » o o » o 38

Shale: light-brown, sandy, slightly
oqOOOOO»OOOOOOoOOOOOO0OOOOOOQOOOQOC>OOOOOO 9

Sandstone: gray-white, fine-grained, subangular 
grains, well-sorted, moderately calcareous, 
cross-bedded, weathers to gray-white upper 
portion; light-brown lower portion, thin 
fossiliferous zone midway in unit containing 
0strea s^p© ©©©©©©©©©©©©©©©©©©©©©©©©©©©,©©©©©©©©©©©©© 6

Shale: gray-black, carbonaceous, thin-
p .fjLtSS ZL.1.C5 OOOOQODOQOOOUOflOOCQOCOOOOOOCOOOOOOOO 13

COQ,3_ ° g ’fc'1-XîTin-TlOXXS ooqooqqooooqocooooooooqo 5

Shale: gray-black, carbonaceous, fissile, 
UXlZL't’ ooooooooooooOooooooaoooooooooooo 36

Sandstone : light-brown, fine-grained, sub- 
angular grains, well-sorted, highly calcareous, 
massive, cross-bedded, weathers to gray
brown , honeycomb structures ©©©©©©©o©©©©©©©©©©©©©©©© 37

Shale and siltstone : thin-bedded, mostly
C()VC1?0C1 QOOOOOQOaOOO®OO0<>oOOOO OOOOOOOOOOOOOOO OO OOOOO 28
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Unit

30

31 12

32

55darker brown

8233 Covered

130

35

68

36

22

1657.5Total Iles formation

Unit

37
88

Thickness 
(Feet)

light-to medium- 
subangular grains, 

lower portion,

Thickness
(Feet)

5

very fine-graineds 
cross-

Sandstone: upper portion 
brown p very fine-grained 
slightly calcareous , massive 
thin-bedded with some thin shale units, 
Inoceramus fragments : total unit weathers to 
medium-brown (Tow Creek sandstone of Bass and 
Him Rock of Hancock) oooooooooooooooooooooo

Shale: gray, siltyg unit partly covered

Sandstone : green-brown, very fine-grained 
subrounded grains , well-sorted, highly 
calcareous , weathers to green-brown with 
large rounded concretions protruding from 
weathered face of ledge =o»ooo»oooooooC«o

—————Transitional————
Mancos formation (Upper Cretaceous)

Coal: shaly, soft, bituminous

Sandstone : gray-white, fine-grained, sub- 
angular grains, well-sorted, cross-bedded, 
weathers to a gray-brown, rounded ledge, 
thin silty zone separated from lower sand
stone which is same as above but slightly 
calcareous , weathers to a

Covered : upper portion shale and thin 
sandstone "beds oowoooovooaofooooooooo

Shale and siltstone : shale, gray, sandy, 
calcareous ; siltstone, light-brown , 
calcareous OOOOQOOOOO OOOOOOOOOOOOOOOOOeO

Sandstone : brown»green
subangular grains, very calcareous 
bedded, weathers to yellow -brown „
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Unit

39

40

14

41 47Covered=

42

7

7643 Covered

44

36

Sandstone: light-brown, very fine-grained , 
subangular grains, well-sorted, very calcareous 
cross-bedded„ weathers to a light-brown „ = „,o = =

Coveredg same as unit 37

Thickness
(Feet)
96

gray-green, fine-grained, sub
subrounded grains, well-sorted 
calcareous, thin-bedded upper

Sandstone g green-brown, fine-grained, 
subangular grains 9 moderately calcareous, 
thick-bedded , cross-bedded, weathers to 
Tnedium* —loro^vn ®»oooeoooooooooooooyooooooo<>

Sandstone : 
angular to 
moderately 
portion, massive lower portion, weathers to
medium-brown O » O o 0 6 0 0 0 OOOOOobOOOOOOO o o o o o o O

Section 3- Detailed surface stratigraphic measurement of the Iles 
formation „ Measured downward from the top of the Trout Creek 
sandstone member to the top of the Mor apo s sandstone member 
with plane table, tape, and Brunton compass at the Ute Gulch 
(from unit 1 to unit 86), Caster gulch (from unit 87 to unit 113) e 
and southeastern cliff along the rim of the Iles Mountains near 
Hamilton (from unit 114 to unit 122) o Measured by Donald Ao 
Beattie, Bobby G. Kerr, Kenji Konishi and George Venable from 
July 22 to July 29, and September 7, 1957= Described by Kenji 
Konishio

Williams Fork formation (Upper Cretaceous - Middle Maestrichtian)
-----Transitional——
Iles formation (Upper Cretaceous - Lower Maestrichtian)

Unit

2 Sandstone : white, fine-grained, well-sorted, 
massive, silt-cemented, very slightly cal
careous only in upper part; lower part becomes 
brownish downward; well-defined top and poorly 
defined bottom; forms round ciliff; two limoni- 
tic beds, one foot thick in each, cross-

Thickness 
(Feet)
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Unit

laminated on small scale , less resistive, at 
about 20 feet below the top; another bed of 
limonite aggregatesg one inch thick, at 30
feet below the top o. » ..

3 Same as the above s except becomes dark-brown 
in color and starts cross-lamination on
large scale ...... OOOOOOOOO^OOOO

(Units 2 and 3 compose Trout Creek sandstone member)

4 Alternation of sandstone and sandy shale: sandstone, 
gray, fine-grained, friable, slabby, lenticular, 
to swell and pinch within the range of 0.1 to 
1.5 feet, cross-laminated; sandy shale, gray, 
partly greenish-gray; limonite-stained, vertical 
worm (?) burrows recognizable; top of this unit 
(4) intertongues with unit 3 ...o.... ......

5 Concealed : probably shale (sandy?): basal
10 feet indicates very dark gray soil to 
suggest coaly beds ..... ...... .........

6 Sandstone : white, fine-grained, calcareous, 
thin-bedded with undulatory bedding plane; 
cross-laminated with shallow trough type, 
weathers thrown ......o.................o... O O O O Q o o

7 Sandstone : white, coarse-grained, poorly sorted, 
limonitic nodules with nuclei of siltstone predomi
nant appearing "pseudoconglomeratic" on weathered 
surface; penecontemporaneous erosion? ............

8 Alternation of sandy shale and siltstone MMMMMMMMMBKanBCMkMMMManOnaECMdAnBSCXMESœMSatSKMVWaMBMBHKmwnWKKI

9 Coal: very impure, poorly exposed ................

10 Sandstone : greenish-gray, fine-grained, poorly 
sorted, slightly calcareous, massive, partly 
cross-laminated on small scale; jointed blocky, 
thickens eastward ................................

11 Alternation of coal and carbonaceous shale: 
coal, impure, weathers dark-brown, shale, black 
to dark gray, concretionary; poorly preserved, 
indeterminable fragmentary plant fossils 

Thickness 
(Feet)

53

8

12

165

13

17

1

0.5

10.5



Unit

12

13

14

15

16

17

18

19

20

21

22

23

24

25

T 885 122

common^ thickens laterally Intercalating 
a very compact claystone; white, minute, 
feather-like crystals at the contact with 
unit 10 OOOOOOOOOOOQOOQOOOOOOOOOOOOOOOOOO

Thickness
(Feet)

1.5

Shale° black, carbonaceous o.ooo.o..oo.«o...o.o.oo.. 0#

3.2
Concealed : probably shale intercalating thin 
limestone OOOOOOOOGOOOeOOOOQOOOOOOOOOOOOQQOO

Sandstone : brownish-gray, fine-grained » 
calcareous, eihssivq, comjoact o.<>o.eooo«>oeoe->oooooo.o 1 . 7

Shale « black to d.ar k^gr ay oo.o.ooooo.ooooooooooooeoo 0 • 1

Concealed : probably sandstone, white, medium-
cl ILT! @d p f6 © o o c o <> -o y oeoooeooooooooooo o o o o o o o o o o o 14

Sandstone ° creamy white, fine-grained, cal
careous, top 4 feet well-bedded ; lower 16 
feet massive with joints perpendicular to
bedding plane; very basal 2 feet well cross
laminated in planary type; weathers brownish- 
gray, ^f^O r*mS  Cll^f oooooooooooooooooeooooooooooooooe. 20

Claystone: gray, sandy, weathers light-gray 
or brown; white9 minute crystals along the 
contact WZL*L11  um't 1*̂  ooooooooooc><>ooû<>qoqcigooooi>o<>ooo 3

Shales dark-black, carbonaceous .................... 1.2

Cp âl ° oooooocoooaoooooooooeaoooooooooooofroOQOooe*ooo 0.4

Shale ° Q0 0 00000000000000 00000000<>»0000c>00000001>00000 0.7

Coal ° 71 npill*  0 OOOQOOeoooOOOOOOOoQoOOOOCOOOOvy^OGQOOoe 1.0

Concealed : probably sandy shale, white, loose ...... 8

Sandstone: white, medium-grained, calcareous, 
well cross-laminated, basal part coarse-grained .... 15.5
COT! C 03.1 ® OQOQoooooooaooeeooooeoooaoooQaoGooooooooo 7
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Unit

26
oro s s-laminated at basal 4 feet
few feet become loose and stained with 
limonite OOOOQOQOOOOOOQOOOOOOOOOOOQÜOO

Sandstone g white, medium-grained, calcareous » 
very basal

Thickness
(Feet)

11

2? Coal: impure ooooQooooooeoooooouoeeoooocooooeo6oo»oe 0.2

28 Sandstone : white, medium-grained0 massive,
weathers brown,basal 5 feet blocky-jointed ........ 14

29 Shale: black to deep-maroon, carbonaceous ......... 1.0

30 Sandstone : white, fine-grained, slightly cal
careous, subangular grains, dark minerals fairly 
abundant, silty interstitial; massive and

31 Concealed . ... .....................................

32 Sandstone : gray, fine-grained, very calcareous,
thinly bedded, flaggy with undulatory fissility, 
weathers brownash—gray .... ........... . ........... 5

33 Sandstone: gray to white, coarse-grained, 
porous, friable, subangular grains, kaolinized 
feldspar cemented, dark minerals prolific; 
cross-bedded partially; weathers light-brown 
to buff and good cliff maker, especially basal 
4 feet more resistive and blocky than the rest; 
about 1 foot thick bed of pseudoconglomeratic 
texture (to suggest contemporaneous erosion) at 
6 feet above the base; 1-15 foot bed of well, 
thin, cross-laminated, sandy shale at 2 feet 
above the bottom; limonitic nodules scattered
through the unat ..................a..#......*.....» 21»

34 Sandstone : white, fine-grained, strongly 
limonite-stained, intercalates gray sandy
siltstone e.ooeeooeeo»eooo<>ooooeoeoeoooo©oeeoeoooeeeQ 1.5

35 Shale: black to maroon, carbonaceous, pre
served unidentifiable drift plants impression ..... 1.1



Unit

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51
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Thiclmess
(Feet)

Sandstone : white, medium-grained, massive .......... 1

Sandstone : white, medium-grained, calcareous 
undulatory bedding planes, weathers gray ........... 2.2

Sandstone” whitish-gray9 fine-grained, angular- 
grained9 thick-bedded , intercalating sandy 
shale, limonite-stainedp massive, basal 3
foot*  well cro & s^1<uïizlï"1 sited oooooooooooeeooo o » ooo»<>ooo 6.1

Shale: maroon, carbonaceous ...o.......... 1.2

COÏIC QSilcd. » OOOOQOOOOOOOOOOOOOOOOOOOOOOOOOOQOOQOOOOQO 8.7

Sandstone : gray, fine-grained, calcareous, very 
compactp partly blocky p weathers brovm ; trough
type cross-1 amination 0 ooooooo<>oo<>oooooooooo6»aoooo » 6.1

Concealed : probably sandy shale .................... 4.3

Sandstone ” gray, fine-grained, poorly exposed = 1.1

Cone ®al©d O OOOOOOOOOOOOOOOOQOQOOOOooOOO'QOQQOQQvOvOQQ 4

Sandstone s gray, fine-grained, weathers buff . 2

Sandstone : white, medium-grained, calcareous . « . ».. » 2.6

Sandstone : white to pale-buff, coarse- to 
medium-grained, subangular quartz grains, 
cement calcite, very calcareous, weathers 
brown and makes prominent rounded massive 
cliff, cross-laminated in various types, 
abnormal lamination pattern distorted is 
Ol^Ser*"V*ed  000.000000.0.00.<>0000.0oa0.000000000000.000 14

Sandstone : white to gray, fine-grained, 
fairly well-sorted, calcareous, flaggy .....o....... 9

Sandstone : brownish-gray, fine-grained, quite 
calcareous p upper half is flaggy and lower is
IQ3>S S3-VO OOOOOt>aOOOOOooOOOOüOOOQOQ»000*OOOOOO  OOOCOO*0 6.3

Concealed : probably "sandy shale" .................. 6.6
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Unit,

52

3-5

4.153

54 Sandstone s white» fine-grained » calcareous 2

55

16.7

56 18Concealed

57

5-3

558 Concealed

59

8.4

6o
2.8

61

8resistive to weathering

62 Concealed possibly gray, sandy shale

63

15

Thickness
(Feet)

Concealed g (upper 0.8 feet gray, sandy shale, next 
1.0 feet black to dark-maroon, carbonaceous shale)

Sandstone: white, medium-grained, poorly sorted, 
calcareous, laminated with carbonaceous layers at 
basal part, strongly contorted sedimentary 
structure o-oooooooaoooooooooeooeooooooooooooooooo

Sandstone : greenish-gray, medium-grained » cal
careous , subangular quartz-grained, dark minerals 
profound, cross-laminated, weathers brown on 
surfacep develops secondary crustose (onion-) 
structure

white, medium-grained, calcareous, 
well-cross-laminated, weathers brownish-

gray, fine-grained, subrounded 
quartz, prolific dark minerals, cal- 

basal part cross-bedded, weathers to

Sandstone : white, medium-grained, calcareous, 
round quartz grains, minerals are limonite- 
coated, strongly cross-bedded, weathers yellow
ish-brown , makes rounded resistive cliff, very 
basal and top parts well-bedded, basal part 
merges into sandy shale, along this contact white, 
feather-like crystals (gypsum) ..................

Sandstone: dark-gray, medium-grained, cal
careous , finely cross-laminated, massive, and 
blocky, weathers brown, locally does not 
outcrop well CQOOOQOCOOOOOOeOO OOoOOOOOOOOOOOO

Shale: sandy, gray, thin-bedded

Sandstone 
grains of 
carco us, 
be resistive bed

Sandstone 
massive, i 

yellow oo

125



Unit

64

65

66

67

68

69 

70

71

72

73

74

75

76
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Alternation of thick shale and sandstones sand
stone, brownish-gray, fine-grained, lenticular, 
intercalating very thin (less than 0,1 inch) 
coal seams, shale, gray, becomes coaly or in
creased carbonaceous matter downward, preserves 
unidentifiable plant fossil impressions, each 
bed as 5©5 to 5 feet thick 00000000000000000000

Thickness 
(Feet)

10

Concealed :

Sandstone: white at upper, brown at lower, 
medium-grained, rounded quartz-grained, cal
careous cement in lower part, limonitic 
concretions scattered at lower part «©©©©©©©©©o*.  10

Shale: sandy, gray, upper 1*3 feet strongly 
stained with limonite and lower part non- 
calcareous and nodular o0*000000000 00 00000000000000000 2 o

Shale: black to dark-maroon, carbonaceous, 
preserves plant impressions 0*0000000000000000000000 © © 0©7

Sandstone° white, fine-grained, calcareous, well- 
sorted, limonite-coated grains, massive, weathers 
brownish, basal part merges into bedded sandstone «*00 4,j5

Concealed : probably sandy shale .©©©©©©©©©©©©©©©©©©o»© 18=5

Sandstone: white to brownish-gray, fine
grained, calcareous, upper lo6 feet massive 
and resistive, lower 2O4 feet slabby ©o©©©©©©©©©©©©©©© 4

Concealed : possibly sandy shale or very 
f"ine—grained sandstone ©©©©©©p©©©©©©©©©©©©©©©©©©©©©©©© 20

Sandstone: white, medium-grained, calcareous, 
subangular quartz grained, slightly friable, 
contains carbonaceous matter, weathers dark
brown QOOQOQooOOOOOOOOOOOOOOOOOOOQOOOOOOOOO OOOO 9

Concealed: 0000 00 33

Sandstone : dark-brown, lower part flaggy ©u©©©©©©©©©»» 3-5



Unit

77

78

79

80

81

82

8?

84

85

86

8?

88

89

90

91

92

93

127

15.6
Sandstone : dark-gray, fine-grained, weathers 
brownish OOOOpOOOOOOOQCOOOOOOODQOQQQOQ'OeOOOO

Thickness 
(Feet)

QOUCGHbL tsd o qoodoqooooooooqooooooooooooooo ooooooooogq 23

Sandstone : brownish-gray, medium-grained 9 
rounded quartz grained9 prolific dark minerals, 
iron-stained B cross-laminated; weathers to 
f Ol?ni clxff S OOOOOOOQOOPOOOOOOOOOQOOO^OOOOO.OO OOOOOOO 12

Concealeds probably sandy shale .............o...... 8

Sandstone s white9 fine-grained, well-sorted9 
quite calcareous, massive, upper part flaggy, tiny 
laminated stratification recognizable .............. 2.5

Colic ©HXGCI ° OOOOOOOOOO OOOO«)QClOOaoOOOOOüOOp»OOO<>OOOOO 0 5

Shale: black to dark-maroon9 carbonaceous .......... 1.8

C OÏ1C PHI od O OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO OOOOOOOOO0 20.1

Sandstone : yellowish-brown, fine-grained,
0 llSUXi O oceooeoooooQoooooooooooeoeooo 1.5

C OH C OâlOCi oooooQooooeooottooooooeooooooeoooooo o o o o o o 6

Sandstone : white, medium-grained9 calcareous, 
cross-bedded on large scale o.o..0ooo0oo.o0o0o.oo..o 52

Shale: maroon, intercalating impure coal seams ..... 12

Sandstone: white, fine-grained, thin-bedded ........ 1.5

Concealed : probably black shale .................... 2

Alternation of shale and sandstone: ................ 10

° ooeoocoooooooooooooooooeoooooooooGoooouoo 10.3

Sandstone: white, fine-grained, silty matrix, 
hard, (high tune when hit with pick), partly 
carbonaceous, blocky (Sabal imperialis) ............ 3.5

Concealed : probably plenty of calcareous 
sandstone, and sandy shale, coal seams .............., 16



Unit

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

no
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Thickness
(Feet)

Sandstone : white,, fine-grained, slightly 
calcareous , weathers round and makes cliff
(wlnte and brown sandstone) oooooo&oocooooooooooooooo 32

COnC 33,1 (yd » QOCrOOOOOOQOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 7

Sandstonei white, partly yellowish-grayD medium
grained, calcareous, resistive, well cross
laminated , upper 2 feet stratified (poorly 
preserved unidentifiable plant fossils) oo,.... 9

Shale : dark-maroon to black, drift plant
6S S XOÏ1 OOOOOOOOOOOOOQQOOOOOOOOOOOOO0OCOOOOOOOOCOO 8.1

Concealed : probably sandy shale or fine sandstone « . = 11

Coâl XIUpWTO QOOoooOQOooooooooooooooDoooaoQQQOoeoenoo 0.8

Sandstone : greenish-gray, medium-grained, 
prolific dark minerals, cross-bedded with 
shallow trough type, weathers brown ..........oo..... 8.6

Alternation of impure coal and black shale: ...o.oooo 7

Sandstone : white, fine-grained, calcareous .... o »... 2

^Sandstone° same cxü Ulie al jo3 ouooooooooooooouoooooooc 10.1

Concealed: probably black shale and some coal
S33JT1S OeoûOOOOOOOoOQOvOOOOQOSOO OOOOOOOQOOQOQOOOOOOOOO 6.3

Sandstone : basal part stratified 0 = ..o0oo.o = .o0<>o.ooo 8.1 to
10

Concealed : top 15 feet partly exposed and 
suggests alternation of coal and sandy black
S 113,1 e OOooOOOcOOOOOüOOQOOOOOOOOtJOQUQOOOQVOüOQ-JOOOOOOO 21.5

Sandstone : alternation of sandstone and coal ........ 4

Cq3-1- ° llU^OUTO OQOOOOOOOOOOOO OOOQOCOOOOOOOOOO O OOOOOO0OO 0.8

Concealed : partly exposed coal seams and 
alternation of gray shale and thin
sandstone QOCQOQOOoo<?0ttOOO OOOOC>OOOOOOC)OO<>OQOOOOOOOQOO 10.6
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Unit

Sandstone g white and brown (bottom 1/3 to 
1/2) , fine-grained, cross-laminated» upper 
5 feet slightly bedded9 limonitic nodules at 
basal part, which is quite calcareous, weathers 
rounded cliff ooaoooeooooo®oooooooaoooooooooooo

Thickness 
(Feet)

28

112 Concealed : = » » « = <> » OOOOOQQOOOOQOO 38

113- Sandstone : white on top, brown on bottom$ 
very fine-grained, well-sorted0 subangular 
grains , slightly calcareous, massive except 
basal portion (27 feet) merging into sandy 
shale, weathers round "White and Brown" "rim 
rock" to be good ledge-former (Rim Rock of 
Hancock9 possibly Tow Creek sandstone member 
of Bass) Qoooooooeoeooooooooooooooaoooooooooi 112

114 Shales gray to light-black, silty, calcareous . .....  63*

115 Sandstone : pale greenish -brown 9 very fine
grained, poorly sorted, sub angular grains, very 
calcareous, basal 1? feet, thin bedded to merge 
into underlying shale, Inoceramus convexsus «0000000= 59

Total lies formation 1455.2

——Transit ional ~
Mancos formation (Upper Cretaceous - Basalmost Maestrichtian 

and Upper Campanian)

Unit

116 Shaleg almost concealed « = » o o =

Thickness
(Feet)
57

117 Sandstone g green to greenish-gray, medium- 
to fine-grainedc well-sorted9 silty interstitial, 
subrounded grains, extremely calcareous, character
istically nodular at certain horizons with nuclei 
of fossil aggregates, compact at certain beds, but 
mostly friable, massive, cross-laminated, weathers 
rounded, greenish-gray and brown, very fossiliferous, 
Baculites sp=, Inoceramus qubcompres sus, etc», trails 
and burrows also common (Loyi sandstone member) » o = = = 104
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Unit

118

119

3

120 Shale: essentially concealed 127

121

30

Thickness
(Feet)

55Shale : same as unit 116

Sandstone 2 gray to

sorted p subrounded 
compact .........

Sandstone : dark-green, medium-grained„ well
grains 9 calcite-cemented 9

pale-brown ish-gray» fine
grained 9 well-sorted» subrounded grains0 
slightly calcareous9 thinly bedded upper part, 
gradually merges into silty shales at bottom 9 
weathers to make a characteristic profile with 
well-defined top and poorly defined bottom to 
continue shale slope (First Mancos Sandstone 
Tongue) oooocooooooooooooooooqooooooooOooooqoo

122 Shale: essentially concealed ..................  440



T 885

PART II

STRATIGRAPHIC ANALYSIS OF THE

DAKOTA SANDSTONE, NORTH/JE STERN COLORADO
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FOREWORD

The Lower Cretaceous post-Morrison and pre-I4owry section of 

northwestern Colorado involves dual problems similar to problems of the 

same interval in other parts of the Western Interioro The first involves 

stratigraphic classification and correlation, and the second is concerned 

with the petroleum potentialo

The first problem is essentially related to a question of the 

Dakota-Morrison contact which is*  the author believes, the "Scylla and 

Charybdis " of stratigraphy in Colorado and adjacent stateso Concepts 

of a (1) two-fold divisiona "Dakota formation" or "Dakota sandstone" at 

the top and the "transitional beds" or "beds of undetermined age" at 

the bas eg or (2) three-fold Black Hills terminology — Lakota 0 Fuson, 

and Fall River (in ascending order)9 or (3) a hybrid of (1) and (2) 

have been adopted in northwestern Colorado, and, as a result, the 

nomenclature has been confusedo

In northwestern Colorado 0 the post-Morris on and pre-Mowry interval 

has produced oil from Moffat field and gas from Thornburg, Beaver Creeke 

Williams Park, and Douglas Greek fieldso Important oil show's have been 
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reported from the same interval at the Temple Canyon field and gas 

shows from the Rangely field*  Recent development of Dakota pools in 

other structural basins of the Rocky Mountain region increases interest 

in the equivalent interval in northwestern Colorado <»

The purpose of this study is to present a stratigraphic analysis 

of the above-mentioned interval in northwestern Colorado to provide 

fundamental information on which further discussion of regional 

correlation, sedimentary tectonics, or paleo geography may be based*  

A preliminary s edim ent ographic study was made on a representative measured 

section to provide data on the Dakota sediments. Economic implication of 

this study is beyond the scope of this paper0 since the information thus 

obtained is still scanty.
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METHODOLOGY

The present work is based on electric log correlation supplemented 

by seven surface sections. Three other surface sections were measured, 

but because of their poor exposures, they are excluded from the descrip

tion. A few sample logs were used to aid in correlation, A surface 

section, well -exposed and more representative than others, was studied 

by sedimentary petrographic methods.

The methods adopted here follow those of Krumbein (1948), Sloss, 

Krumbein and Dapples (1949), and Krumbein (1952) with very slight 

modification. The study is essentially on a semi-regional scale rather 

than regional (Sloss, 1956, p, 322-328), The base map is adapted from 

the Geological Map of Colorado made by the United States Geological 

Survey (1935) to a scale of 1:500,000.

The density of control points is in the order of 1-2 per township*  

in most areas5 however, there are considerable areas where exploratory 

* Because of its semi-regional nature, this figure is larger than those 

recommended by Krumbein (1952, p, 203) for a regional map.

139
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wells have not penetrated the Dakota interval; hence the density of 

the control points is variable (see pl, 3)»

Krumbein (1952» P» 204) is of the opinion that "regardless of 

scale, spacings (of control points) closer than about 0.5 inch become 

inconvenient, and optimum ease is achieved with spacings from 1 to 2 

inches". In the present study, some spacing is as close as 0.3 inch, 

although, in general, it is 0.5 - 1.0 inch.

The types of maps prepared are: (1) isopachous maps, and (2) a 

sandstone-shale map expressed as a percentage map. The stratigraphic 

analysis of the Dakota interval concerned is based on the correlations 

illustrated in the stratigraphic cross sections (pl. 2).
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DEFINITION OF DAKOTA INTERVAL

To examine the validity of the term Dakota interval in north

western Colorado, the original definition and the lateral equivalents 

of the Dakota group should be reviewed»

Original Description of the Dakota Group

The Dakota interval was originally defined as of group rank by

Meek and Hayden (1861*,  p. 419-420; Formation No» 1*)  as follows:

* Meek and Harden (1856, p. 65) earlier designated certain sandstone, 

clays, and lignitic beds as Formation No. 1 of the Cretaceous, underlying 

the "Fort Benton group", but they did not give any specific name for it.

** Tester (1929) claims that "whence the Dakota is found resting on 

older rocks the interval to the overlying Graneros is normally much less 

than 400 ft . . . (p. 278) . = o average thickness . u . to be approximately 

225 to 250 ft."

" . . . yellowish, reddish and occasionally white 
sandstone, with at places, alternations of various 
colored clays and beds and seams of impure lignite*  
. . . Also silicified wood, and great numbers of 
leaves of the higher types of dicotyledonous trees, 
etc, » . . 400 ft**  thick ... (The type locality 
is the) hills back of the town of Dakota (Dakota County, 
Nebraska)15 »
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According to Tester (1929, p. 203) 9 much better exposures ,uid 

more complete sections than those near Dakota City are found, or the 

Iowa side of the Missouri River and along the bluffs facing the Big 

Sioux River. The type section contains a sharp break, which separates 

sandstones with variegated clay below from sandstone with dark gray 

clay, carbonaceous clay, and lignite above (Waage, 1955 » P» 44). 

Nature of Contacts at Top and Bottom of the Dakota Group 

"The Dakota group at the type locality along the Missouri River in 

Nebraska rests on Paleozoic (Pennsylvanian limestone) rock so its lower 

contact is unequivocal" (Waage, 1955, P» 44).

The boundary between the Dakota group and the underlying Morrison 

formation at the type locality of the latter was recently redescribed 

and discussed in detail by Waage (ibid.) who follows the original 

definition of the Morrison formation (Eldridge, 1396, p. 60-625 cfr. 

Waldschmidt and LeRoy, 1944). There the Dakota group was divided into 

the South Platte formation above and the Lytle formation below. Waage 

states that the position of the Morrison-Dakota (Lytle) contact "cannot 

be located at many places because of the lithic similarity of the Morrison 

formation and the Lytle formation . . . Contrary to common belief, the 

base of the lower part of the sequence (= Dakota group) is not consistently 

marked by a conglomeratic bed" (Waage, ibid., p. 18). "When the Lytle 

formation lacks a conglomeratic basal lens, or where it consists of 

several weakly conglomeratic lenses separated by various claystones, 

no single obvious physical break separates the two formations" (Waage, 

ibid., p. 23)•
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The contact between the Dakota group and the overlying Benton 

group at the type locality of the Dakota group and in many other places 

seems to be much more well-defined in comparison "with the lower contact.

Age of tlie Dakota Interval

The Dakota interval has been dated Early Cretaceous in most areas 

including its type locality (Tester„ 1929, 1952)» but the uppermost 

sandstone unit (Dakota sandstone by some authors) is considered Late 

Cretaceous in such areas as Arizona and possibly New Mexico (Brown, 

1950; Repenning and Page, 1956; Carter, 1957; Harshbarger et al., 1957)- 

A recent comprehensive study of the Dakota group on a regional scale 

by Haun (personal communication) revealed that, contrary to the 

prevailing belief (cfr. Tester, ibid.; Cobban and Reeside, 1952), the 

Dakota group at the type area includes rocks of both the Lower (?) and 

Upper Cretaceous, as a result of eastward transgression similar to the 

southward transgression into Arizona and New Mexico. Thus, there is 

no doubt about the time-transgressive nature of the interval. It may 

not be superfluous to mention that the Dakota group is a rock-strati

graphic unit but not a time-stratigraphic unit, and "whether or not the 

group contains both Lower and Upper Cretaceous rocks, is entirely Lower 

Cretaceous, or varies in age from region to region, is irrelevant to 

this definition (of the Dakota group)" (Waage, ibid.<, p. 44).

Western Equivalents of the Dakota Group

Because of its unique lithology, being typically orthoquartzitic 

(PettiJohn, 1957» P» 299), among the Mesozoic sediments of the Western 
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Interior, the Dakota group has been recognized and traced fairly easily 

from the type area westward to the western margin of the shelf foreland 

at the eastern side of the Cordilleran geosyncline (cfr. fig. 1 in Stokes, 

1955)• Nevertheless, the term Dakota group was once confined by the 

U. 3. Geological Survey to the area east of the Front Range, and the 

rocks occupying approximately the same stratigraphic position in the 

areas west of the Front Range were tentatively called Dakota (?) 

formation (Wilmarth, 1938, p. 566). This misconception was introduced 

by the lack of understanding of the duality in the stratigraphic 

classification and has been discarded.

In northwestern Colorado, the terra ’’Dakota group” has scarcely been 

used; instead, the Dakota sandstone, Cloverly formation, Fais River 

formation, Lakota formation, Fuson formation, Cedar Mountain formation, 

Buckhorn conglomerate, or other unnamed terras such as ’’transitional 

beds" or “beds of undetermined age” have been used to represent a part 

of the Dakota interval by different geologists (Thomas et al., 1945: 

Bradley, 1955, P» 24; Abrassart and Clough, 1955» P» 66; etc.). 

Stokes (1955, p. 84) pointed out that, in northwestern Colorado, the 

trend might be “away from the Dakota terminology usually used" and 

toward the adoption of either Cloverly or Cedar Mountain depending on 

whether the area under consideration is north or south of the Uinta 

structure.

The confusing Dakota nomenclature has resulted from (1) the 

arbitrarily definable nature of the lower boundary of the Dakota interval 
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with the underlying Morrison formation, and (2) the fact that, although 

the Dakota terminology was adopted in Utah and western Colorado, it was 

replaced by such names as Cloverlyg Thermopolis , and Muddy in Wyoming, 

and Inyan Kara group (Lakota, Fuson, and Fall River formations) in 

the Black Hills area. The mere introduction of ’’Lower Cretaceous" 

Burro Canyon and Cedar Mountain formations might have even assisted in 

the confusion. The second problem is due to the historical order of 

exploration and also, in part, is due to the ignorance about the duality 

of the stratigraphic classification.

The lateral tracing of the Dakota group from the Front Range 

through North Park to northwestern Colorado is so obvious (for North 

Park, see Zoerb, 1954» Osborne, 195?)» that the term Dakota group has 

been adopted to include the interval between the base of the Mowry 

shale (Darton, 1904, p. 339-401) and top of the upper shaiy member 

(= “Brushy Basin member") of the Morrison formation in northwestern 

Colorado (Breeds, 1956)o As previous investigators have used it, 

however, the Dakota interval in northwestern Colorado seems to be better 

represented at formational rank rather than as a group, hence the 

“Dakota sandstone" is adopted here to include the interval concerned 

(Sears, 1924, p. 27?, 285-286; ? Hancock, 1925, p. 10). Plate 2 

includes a regional correlation between northwestern Colorado and the 

western side of North Park.

A disconformity that divides the Dakota group into two parts has 

been recognized as a regional feature (Waage, 1955» Carter, 1957: Harsh

barger et al.» 1957)*  A similar feature is observed in northwestern
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Colorado <> According to Waage ( ibido , p„ 19), this is "the most 

obvious physical break in the section between the Morrison formation 

and the Benton (or Mowry-Mancos) shale"D and "useful for physical 

correlation throughout much of the interior region". However, there 

is a good possibility that the disconforraity observed by Waage along 

the Front Range may not be the same as the one observed by Harshbarger 

and others in Arizona, according to Haun (personal communication). 

"Lower Cretaceous Beds"

The beds overlying the Morrison formation and below the 

disconformity mentioned above had various names, depending on the 

area, or they have been included in either the Morrison formation or 

the Dakota sandstone depending on their characteristics and affinities. 

The representative terms so far used are shown on Plate 1 (modified 

after Stokes, fig, 3, 1952)» They are:

(1) Cedar Mountain formation (Stokes, 1944; the unit 

now includes his Buckhorn conglomerate, which was 

originally named as a separate formation)

(2) Burro Canyon formation (Coffin, 1921; Stokes and 

Phoenix, 1948)

(3) Cloverly formation (in part; Darton, 1904, po 399-401)

(4) Lytle formation (Finlay, 1916, p. 7-8; Waage, 1955)

(5) Purgatoire formation (in part; Stose, 1912)
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Nature of Contacts of "Lower Cretaceous Beds"

This disconfonnity mentioned above defines the upper boundary of 

these "Lower Cretaceous beds" which are the lower part of the Dakota 

group. One of the better criteria used to separate the units above 

and below the disconfonnity seems to be whether the associated shales 

or claystones are variegated or carbonaceous and gray ( Stokes and 

Phoenix, 1948; Simmons, 1957? Carter, 1957).

The lower boundary of the "Lower Cretaceous beds", on the other 

hand, is not clear.

Burro Canyon formation and Morrison formation g In the Four

Corners area and northward through western Colorado and eastern Utah, 

the Burro Canyon formation is used for the lower unit of the Dakota 

group. Stokes (1952, p. 1772) concludes "where the conglomerates or 

equivalent sandstones are present the contact is sharp and easily mapped, 

but where the sequence is shale on shale it is difficult to draw".

Craig and others (1955» P» 16) described the contact in southwestern 

Colorado, eastern Utah, and northern New Mexico, as being "conspicuous 

only in those areas where basal channel sandstones are present; where 

these are absent it is exceedingly difficult or impossible to differentiate 

the variegated shales of the 1 Lower Cretaceous' from those of the upper 

part of the Morrison". No field evidence for a major disconfonnity has 

been recognized at the base of the Lower Cretaceous strata.

Simmons (1957» P» 2523) states that "although the contact is commonly 

a disconformity, . . . the contact in many other places is gradational,
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marked by intertonguing of sandstone of the Burro Canyon with shale of

the Brushy Basin shale member of the Morrison formation”. In Navajo

County» northeastern Arizona,

"where the Jurassic rocks are overlain by the 
Burro Canyon formation» the contact is extremely 
arbitrary» and no indication of a break in 
sedimentation can be found. Therefore, the 
upper boundary of the Brushy Basin member of 
the Morrison is questionable, and the time 
boundary between the Cretaceous and Jurassic 
periods cannot be precisely located” (Harshbarger 
et al., 1957, p. 57).

Carter (1957, p. 308), who mapped the contact in a part of western

Colorado and eastern Utah, states that

"the Burro Canyon formation contains a basal 
unit, approximately 110 feet thick, composed 
of light «gray to light «brown, medium- to coarse
grained cross-bedded sandstone containing pebble 
conglomerate lenses and sparse silicified logs. 
This basal unit conformably overlies the 
variegated shale and mudstone unit of the 
Brushy Basin member of the Morrison formation ".

The Dakota sandstone rests on a broadly undulating erosional disconformity

on the Burro Canyon formation.

Cedar Mountain formation and Morrison formations In central Utah,

the Cedar Mountain formation of Stokes (1944) forms a widespread lower 

unit of the Dakota group. The basal conglomeratic unit has been named

the Buckhorn conglomerate. Lately, Stokes» Peterson, and Picard (1955»

p. 2012), who emphasize the separation of the Cedar Mountain formation '

from the Morrison formation because of its Lower Cretaceous fossils,

agree that "the separation of these formations — Burro Canyon » Cedar

Mountain, etc. — from the Morrison formation below — .... is 
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difficult and not everywhere practical". Mitchell (1956) has

suggested using paléontologie means to separate these formations.

Cloverly formation and Morrison formations The Cloverly formation

is used in Wyoming to represent a part of the Dakota group u

"The boundary of the Morrison (Cloverly-Morrison 
contact) is more difficult to locate (than the 
upper limit of the Cloverly). Wherever the basal 
Cloverly is a bed of conglomerate or sandstone, 
the division is possible but where the clastic 
beds are absent and varicolored shale is in 
contact with varicolored shale the separation is 
difficult. Works in individual areas must decide 
on the convenience and necessity of drawing an 
upper boundary to the Morrison" (Stokes, 1955» 
p. 82).

Lytle formation and Morrison formation : The relation between these 

formations at the type area of the Morrison formation has already been 

described (p. 142), and a similar relationship has been observed along 

the southern Front Rango (cfr. Waage, 1955)«

Thus, it seems quite certain that the base of these "Lower 

Cretaceous beds", which is the same as the base of the Dakota group, 

is defined only arbitrarily depending on the area mapped and cannot be 

defined geologically on the basis of lithology even within a restricted 

area. Only a practically mappable, but geologically ill-defined, 

definition may be given. Of course, such a boundary may not correspond 

to the hiatus between the Portlandian and Aptian, although such an 

unconformity is supposed to exist. Keeping in mind that these 

stratigraphic units discussed above are rock-stratigraphic units which 

should be recognized in the field and should be distinguishable from 
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the under- and over-lying beds to be mappable, obviously wa cannot place 

the boundary in the middle of a monotonously variegated shale sequence p 

even with the support of paleontological data*  In short, it is concluded 

that the bottom of the Dakota group, or the Dakota sandstone in north

western Colorado and elsewhere*  may only be determined arbitrarily at 

the base of the prominent coarse-grained clastic rocks (generally a 

product of channelling) resting on the Brushy Basin shale member of 

the Morrison formation. It is interesting to know that Waage (1955» 

p. 44) suggests mapping the Morrison and Lytle formations undifferentiated 

(together), and separately from the South Platte formation, in places 

where the Morrison-Dakota contact is indefinite.

Dakota Sandstone

The stratigraphic section above the distinct disconformity and 

below the base of the Mowry shale (or Graneros shale) has had various 

names. Recent elaboration of Dakota terminology in the Denver Basin, 

which is located west of the type area of the Dakota group, has resulted 

in the five-fold subdivision of the Dakota group as follows ( in 

ascending order): (1) Cloverly formation, (2) Skull Greek shale, (3) 

Cruise sandstone (= Muddy or "J" sand), (4) Huntsman shale (= Thermopolis), 

and (5) Gurley sandstone (= "D" and "G" sands, which are not present 

at the western side of the Basin) (Sternberg and Growl ey, 1956, p. 1?)- 

Based on surface sections along the Front Range, Waage (1955) subdivided 

the Dakota group into two formations, Lytle below and South Platte above.
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The South Platte formation was locally further divided into four or 

five members (see fig. 19, p. 46 of Waage, ibid.).

These terminologies developed east of the Front Range are, however, 

not extended to the west, at least at present, because of the difference 

in details of the known stratigraphy and because of the probable 

confusion resulting from introduction of new nomenclature. It seems 

highly desirable to retain the term Dakota sandstone in formational 

rank (as it has been used in western Colorado, central Utahg northern 

Arizona and northern New Mexico) because of its long usage by geologists 

working in the Western Interioro

In northwestern Colorado, the Dakota sandstone has been used to 

designate the interval equivalent to either the Dakota group as defin@1 

above (e.g., Gale, 1908, p. 269: Sears, 1924; YHancock, 1925: the 

present author) or the unit above the dis conformity and below the base 

of the Mowry shale (e.g., Gale, 1910, p. 45, 59-60; Bradley, 1952, 1955: 

Thomas et al., 1945). In the adjacent areas to the west, as in the 

Uinta Basin (e.g., Walton, 1957, p° 98),and to the north,as in the 

Green River Basin (e.g., Thomas et al., 1945: Fidlar, 1950; Bissel, 

1952), the Dakota sandstone has been used to designate the particular 

interval between the top of the variegated shale and the base of the 

Mowry shale. The same usage has been adopted by a majority of 

geologists working in the Four Corners area and adjacent areas (e.g., 

Craig, et al.$1955» Harshbarger et al., 1957: Simmons, 1957: Carter, 

1957)o However, the author is inclined to call the interval 
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corresponding to the Dakota group east of the Front Range, the Dakota 

sandstone in northwestern Colorado because of the present status of our 

knowledge of the stratigraphy and in order to avoid a possible 

confusion due to the term Dakota for both group and formation 9 Thus B 

the Dakota sandstone in northwestern Colorado, as defined0 includes 

the interval equivalent to “Lower Cretaceous beds” in the basal part. 

The upper boundary of the Dakota sandstone is located at the top of 

the uppermost prominent quartzose sandstone bed.
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STRATIGRAPHIC CROSS SECTION AND CORRELATION OF

DAKOTA SANDSTONE IN NORTHWESTERN COLORADO

Well-established correlations should be the premise of a 

stratigraphic analysis. "Correlation” is generally defined as "the 

determination of the equivalence in geologic age and stratigraphic 

position of two formations" or " . . . demonstration of equivalency of 

stratigraphic units" (La Forge in Howell et al» 1957» P» 65). This 

actually involves two different meanings : (1) time equivalency and 

(2) physical equivalency (physical continuity), although the latter is 

often carelessly considered to be the same as the former. Some authors, 

for example» Dunbar and Rogers (1957» P° 271) 9 prefer to restrict the 

usage of correlation to time equivalency.

The present study is based on both types of correlation. Time 

correlation is established on the bentonite datum at the top of the 

Mowry shale and possibly on the top of the "Curtis shale” (bio- 

stratigraphically). Physical correlation is used to trace certain 

stratigraphic units laterally. No biostratigraphic material to help 

in correlation was found in the Dakota sandstone within the studied area.

153
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Top of Mowry Shale (Bentonite Datum)

A prominent bentonite bed defines the top of the Mowry shale in 

northwestern Colorado and is easily picked on electric logs at a 

peculiar low resistivity kick. This bentonite bed is certainly one of 

the best time-stratigraphic units in the Cretaceous of Colorado and 

Wyoming and can be traced northeastward to the Clay Spur bentonite of 

the Black Hills and the Big Horn Mountains. The datum has been 

considered as the practical boundary between Lower and Upper Cretaceous 

in the region. For the correlation done as the basis of the present 

study, this horizon is used as the datum level (pl. 2). Additional thin 

bentonitic beds within the Frontier formation, such as the MX-bentonite” 

extending from the Denver Basin westward, were also used to supplement 

the validity of the correlation, although they are eliminated from the 

illustration.

Continuity of Units (Physical Correlation) 

Contact between the Dakota sandstone and Mowry shale

The sharp break between the Mowry shale and Dakota sandstone is 

easily traceable over the area concerned, and this boundary is so 

parallel with the bentonite datum as to suggest a time-parallel relation

ship, except in the area where the basal Mowry section becomes arenaceous 

and suggests a time-transgressive nature around the northern part of the 

Douglas Creek arch.

Contact between the upper sandstone unit and underlying shaly beds

The upper sandstone beds of the Dakota sandstone consist of 

sandstones intercalated with thin carbonaceous black shales. The 
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shale beds are thin in comparison with sandstone beds. Below these 

upper sandstone beds, there occurs a fairly thick green to varicolored 

siltstone, sandy shale, or shale section. The contact between the two 

is undulatory in outcrop and the basal sandstone of the upper unit is 

quite coarse-grained, or often conglomeratic. This contact is fairly 

easily traced on a regional scale, and may be considered as a possible 

regional disconformity.

The black carbonaceous shale bed in the middle of the upper 

sandstone unit can be traced a considerable distance (see the cross 

section C-C*  of pl. 2). The sandstone below the continuous shale at 

places contains another shale.

Contact between upper shaly part and basal sandy and shaly part 

of the lower unit

The middle shaly beds of the Dakota sandstone are characterized by 

a thick sequence of varicolored shale intercalated with thin sandstones 

or siltstones and marls. Most of the shales are green and suggest the 

existence of montmorillonite (Keller, 1952). In certain areas, this 

interval includes a fairly consistently traceable sandstone in the 

middle. The base of this interval is traced over the area studied, 

although it becomes indefinite in some localities.

Sandstone or conglomerate in the lower sandy and shaly beds of

the Dakota sandstone

It is obvious that the sandstone or conglomerate which defines 

the bottom of the Dakota sandstone is lenticular and haphazard. The 
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tracing of these lenses is shown on the cross sections with the 

arbitrarily defined bottom of the Dakota sandstone to indicate no 

correlative relationship» Prominent thick conglomerate is developed 

in the western part of the area.

Boundary between the upper shaly and lower sandy members of 

the Morrison formation

The Morrison formation in the area can be divided into two 

divisions s upper shaly part and lower sandy part. Although the 

relation of these divisions to Colorado Plateau terminology has not 

been proved 9 some authors call them the Brushy Basin shale member and 

the Salt Wash sandstone member p respectively. The present study indi

cates the possibility of the two-fold division and the ease of tracing 

the boundary laterally.

Contact between the Morrison formation and Curtis formation

This boundary has not been traced in this studyv since it is not 

always possible to pick it on electric logs (Petersonp 1955» P« 79) • 

Toe of the "Curtis shale member"

This unit is here defined as a sequence of glauconitic shales 

below the sandy and calcareous phases of the Curtis formation and above 

the limestone close to the top of the Entrada sandstone. Although its 

time-parallel nature may be stilJ a matter of question D the unit carries 

an Oxfordian fauna and seems to be the only datum that can be faunally 

related to the standard Jurassic sequence I
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DIVISION AND CLASSIFICATION OF THE DAKOTA SANDSTONE

IN NORTHWESTERN COLORADO

As a result of the correlation described aboveg it is concluded 

that the Dakota sandstone in northwestern Colorado may be divided into 

two parts genetically2 (1) a lower unit consisting of conglomerate 

or conglomeratic sandstone at the bottom and variegated shale and 

siltstone at the top, and (2) an upper unit consisting of more compact, 

better-sorted, quartzose sandstone. The former possibly could be 

named the Cedar Mountain formation, which is the term used to the 

west of the area of study, and the latter could be the Dakota sandstone 

(s, str. ; restricted), which has been used over western Colorado and 

adjacent areas to the west (p. 151 ) » Howeverp this restricted usage 

of the Dakota sandstone is not adopted in the present study. The two 

units are separated by a regional disconformity at the base of the 

upper sandstone unit (2). The lower unit can be subdivided by use of 

a conglomeratic bed at the bottom and a shaly or silty bed at the top, 

particularly on the western side of the area; hence a three-fold 

division designating the upper part of the lower unit in the two-fold 



T 885 158

division as the “middle unit" can also be acceptable for the Dakota 

sandstone in northwestern Colorado for practical purposeso

Lower Chit

Basal conglomerate and sandstone part (38 - 90 feet thick)

The unit is composed of buff-colored. medium- to coarse-grained 

sandstone and dark green or gray, quartzose conglomerate or conglomer

atic sandstone, intercalated with gray and variegated sandy siltstone 

and shale. The pebbles of the conglomerate are variable in kind and 

size; most of them are varicolored chert and range up to 2 inches in 

diameter. Well-developed cross-lamination and cut and fill structures 

are the common sedimentary features. In many places, the basal 

conglomerate or conglomeratic sandstone occurs in minor channels cutting 

the underlying Morrison formation, Lenticularity of the unit as a 

whole and of beds within the unit, fairly high angle cross-lamination, 

association of varicolored fine-grained clastics, "compositional 

immaturity of the sandstone types" compared with that of the Dakota 

sandstone, and less sorting lead to the interpretation that the deposi

tional environment was continental — fluvial and probably lacustrine.

The unit at the western edge of the area may be traced westward 

to the Buckhorn conglomerate member of the Cedar Mountain formation. 

The unit in the rest of the area, however, may not be traced to the 

same conglomerate by physical continuity, although their approximate 

stratigraphic positions are the same; hence the member name cannot be 

applied to this unit in northwestern Colorado. Walton (195?) considers 
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the Buckhorn conglomerate as floodplain deposits representing various 

combinations of fluvial and lacustrine deposition.

Upper variegated shale and sandstone part (13 = 117 feet thick)

This interval is again more or less arbitrarily separable from 

the underlying coarse-grained unit. It consists of green, greenish- 

gray, or grayish-red siltstone and shale intercalated with a few thin 

limestones. Some sandstone beds, lenticular-shaped, are also not 

uncommon. Generally, this section is poorly exposed. The depositional 

environment of this unit may be interpreted as a mixed or transitional 

environment — intimate association of fluvial, lagoonal, paludal, 

or possibly even lacustrine environments. Some sandstone could be of 

deltaic origin. The sandstone ranges from protoquartzite to sub

graywacke or sublithic graywackeo As mentioned above, this interval 

corresponds to the "middle unit" of the three-fold division.

Upper Unit

The unit consists of sandstones ; gray to buff, fine- to medium

grained, well-sorted, well cross-laminated with planar cross structure 

(McKee and Weir, 1952), iron-stained, red and pale orange, intercalated 

with carbonaceous dark gray shales. This is always a good ledge

former. The sandstones are typically orthoquartzitic. There are 

developed a few thin conglomeratic beds. The continuous shale break 

in the middle of the unit is only locally traceable.

The basal contact with the underlying variegated shale is considered 

to represent a possible disconformity. An epineritic (with the possible 
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inclusion of some littoral accumulation) environment may be the 

depositional environment of this unit (cfre Breed.» 1956). The 

gradational contact with the overlying, definitely marine Mowry shale 

also suggests a neritic to littoral depositional environment.
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REGIONAL CORRELATION

A regional correlation between the subdivisions within the Dakota 

interval in northwestern Colorado and the surrounding areas is 

compiled as a table (Table 1) to indicate the interrelation between 

the various nomenclature proposed for the Lower Cretaceous stratigraphy 

of the areas concerned.
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STRATIGRAPHIC MAPS
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Intervals Mapped

Theoreticallyg any lithofacies analysis should be made in terms 

of the interval defined by well-established time equivalencies on a 

basis of either paléontologie or lithologic data. When such time

parallel datum-levels cannot be established due to the local variation 

in the lithologic or paléontologie nature of the beds, however, there 

is no method of analysis, unless some practical » though inaccurate, 

compromise is adopted. The intervals used in the present study are 

mostly believed to be time-stratigraphic units.

Isopachous Maps

The following intervals have been mapped 2

1. Interval between the tops of the Mowry and 

"Curtis” shales (pl. 3)

2. Upper sandstone unit of the Dakota sandstone 

(pl. 4)

3. Middle shaly unit of the Dakota sandstone

(pl. 5)
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Sandstone-shale Maps

In general, there are ttiree types of maps that indicate the 

sandstone-shale relationships of a clastic stratigraphic sequence: 

(1) percentage map, (2) ratio map, and (3) theta map.

The percentage map indicates the percentage of sandstone present 

at each control point (Low in LeRoy, 1952, P» 940)o The sand(stone)- 

shale ratio is defined as follows:

conglomerate + sandstone 
siltstone + shale

(cfr. Krumbein and Sloss, 
1953, p. 2?1*)

* Krumbein (1948, p. 191) originally defined the ratio as that of 

conglomerate plus sandstone versus shale.

It is the ratio of sandstone plus conglomerate to shale plus siltstone 

in the section s regardless of the amount of non-clastics present. The 

scale of the 1ogarithms to the base 2 is generally used. "These two 

maps (percentage and ratio maps) are supplementary instead of 

competitive" (Krumbein, 1957» p. 293). Thus, the third type, theta 

map, was invented to show the character more clearly, based on the 

fact that the arc tangent trans formation of the ratio and the arc sine 

transformation of the percentage are identical numbers (= "theta") 

(Krumbein, ibid.)=

Since these different types of maps show an almost identical 

pattern for the upper sandstone unit of the Dakota sandstone, which is 
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the only unit mapped for the present study, only the percentage map

is illustrated here (pl. 6).
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FEATURES AND INTERPRETATION OF THE MAPS

Isopachous Map of the Interval between the Tops 

of Mowry shale and "Curtis shale"

The isopachous map of the interval between the tops of the Mowry 

shale and the Curtis shale was primarily made to examine a possible 

facies relationship between the Dakota sandstone — particularly its 

lower part — and the underlying Morrison formation. The result shown 

on Plates 2 and 3 indicates a wedge-shaped blanket of strata, 

lithologically similar to the Morrison rather than the Dakota proper, 

which thickens toward the west and occupies a position between the 

base of the upper sandstone unit of the Dakota sandstone and the top 

of the upper shaly member of the Morrison formation (= "Brushy Basin 

member" of some authors). The possible facies relationship is shown 

on all three cross sections on Plate 2. Within this blanket, a lateral 

facies relationship between the Dakota sandstone and the Morrison 

formation is observed. The general westward thickening seen in the 

isopachous lines may be a proof of the western source area for the 

sediments of the interval concerned (pl. 3)»
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Isopachous Map of the Upper Sandstone Unit 

of the Dakota Sandstone

This interval represents (pl. 4) a different pattern of deposition 

when compared with the other isopachous maps. There is less sandstone 

deposited in the middle of the mapped area than around the sides. This 

apparent thinning may be the result of sparsity of the control points. 

If it is a true picture of deposition, however, it may be interesting 

as an area that was topographically or structurally high, or an area 

that was distant from source. An apparent abnormal thickening is present 

near Hamilton. With the apparent thinning just described, the east

ward thickening of the interval may suggest a possible local provenance 

to the east, which did not exist before Dakota sandstone deposition.

It should also be mentioned that in the northern part of the 

Douglas Creek Arch, the top of the Dakota sandstone moves upward and 

replaces part of the Mowry shale as defined with respect to the benton

ite datum while the total thickness of the upper sandstone unit of the 

Dakota sandstone remains fairly consistent. The upward shifting of the 

relative position of the Dakota sandstone —-particularly its upper 

sandstone unit — indicates a north-to-south transgression through 

this area. A preliminary study of the cross-lamination within the 

Dakota sandstone — both within the upper and lower units — tends to 

support the same conclusion (pl. 6). The direction of the cross
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laminae observed*  in the upper sandstone unit is generally northward. 

The same general trend is seen in the lower unit of the Dakota sand

stone. If the lower unit is fluvial in origin and the upper unit is 

marine (littoral)» as discussed on page 158» this study suggests a 

southern source and northward flowing streams during the deposition of 

the lower unit of the formation, and a southward, although locally 

variable, advancing sea during the deposition of the upper unit.

* 50»80 measurements for each unit at each locality were made; then

the values were converted to "original values" by means of stereo graphic 

polar projection. The result showed a distinct pattern in the distribu

tion of direction of the cross-lamination. Since there is a possibility 

that the number of samples was too small (cfr. Raup and Miesch, 1957» 

p. 313-321) » however, the above conclusion may need to be modified 

by future work.

Sandstone-shale Percentage hap of the 

Upper Unit of the Dakota Sandstone

The sandstone percentage map (pl. 6) demonstrates that the trends 

of the sandstone facies bear a "linear subparallel" relationship 

(Kruiribein» 1952) to the trend of the isopaehous map of the same interval. 

This relationship may characterize uniform sedimentation on a stable 

shelf. The apparent decrease in sandstone percentage in the southeast 

part of the map might be interpreted as a locally subsiding area» but 

again could be merely the result of scanty control. The relative high 
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percentage in the middle of the area extending from northwest to 

southeast may reflect a possible submarine structure relatively higher 

than the surrounding areas during the deposition of the interval.

Isopachous Map of the Upper Part of the

Lower Ifait of the Dakota Sandstone

The isopachous map of this interval (pl. 5) shows a simple 

feature, i.e., a westward thickening with a maximum thickness just 

north of Rangely. This trend might suggest a possible truncation to 

the east before the deposition of the overlying unit of the Dakota 

sandstone; however, the variation can be also interpreted as a function 

of distance from the source area. It should again be mentioned that 

in some areas such as the northern part of the Douglas Creek arch, the 

upper sandstone unit of the Dakota sandstone shifts upward in 

stratigraphic position while the unit maintains a uniform thickness.
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PALEOGEOGRAPHY AND TECTONIC FRAMEWORK
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Source Areas

The gross paleogeologic map of North America at the close of the 

Jurassic (e,g. , Eardley, 1951» pl- 14, or McKee et al., 1956, pl, ?) 

indicates that the Dakota sandstone in northwestern Colorado was deposi

ted on the upper shaly member of the Morrison formation. This is shown 

on the correlation chart (pl. 2). However, if the formation is traced 

beyond northwestern Colorado, it can be seen that the Dakota sandstone, 

particularly the upper unit, was deposited on different stratigraphic 

units, indicating its transgressive nature on a large regional scale.

Northwestern Colorado is on the northeastern margin of the 

Colorado Plateau where a series of depressions, such as the Uinta and 

Colorado troughs became positive elements during later geologic time. 

On the east, is the Eastern Rockies (Park Range) which is a result of 

the Lar amide orogeny, although its embryonic episodes began during 

the Cretaceous. The Dakota interval of this general province was 

deposited at the beginning of the vast transgression that occurred 
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during the "Rocky Mountain geosynclinal subsidence". This was a wide 

seaway located between the Cordilleran geanticline on the west and the 

Canadian shield and its associated features (e.g., the Siouxana Uplift) 

on the east, both of which were the major provenances of the sediments 

of the Dakota interval.

"Very thick conglomerates of Early Cretaceous age" (to the west 

of northwestern Colorado) suggest that "the effects of uplift were 

continuous from the beginning of Kimmeridgian into Early Cretaceous" 

(McKee et al., 1956)s and this uplift definitely supplied materials 

to the Dakota interval on the east. The general trend of westward 

increase of thickness in all the isopachous maps proves this contention? 

that is, the uplifting of the Cordilleran geanticline and its existence 

as the major provenance for the Dakota sandstone in northwestern 

Colorado.

Fragments of Morrison-type shales and claystones, chert, cherty 

limestone, and metamorphic rocks are found in the basal unit of the 

Dakota sandstone. The cherty limestone pebbles contain Late Paleozoic 

fossils which resemble those described by Stokes (1944) from the 

Buckhorn conglomerate of eastern Utah. The source of these fossiliferous 

chert and limestone fragments is interpreted as eastern Nevada, western 

Utah, and southern Idaho. The pebble fossil assemblage resembles the 

fauna of Late Paleozoic cherty limestones in northern Arizona and 

eastern Utah (Chronic, 1954).
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The sedimentary petrography of the Dakota group indicates that 

the sediments were "derived almost entirely from reworked sediments" 

(Goldstein, 1952) — a multi-cycle product. Worn overgrowths on 

quarts grains indicate a sedimentary provenance for much of the quartz. 

According to Goldstein (ibid.), there was "addition of fresh material 

only in restricted, widely separated areas close to monadnocks above 

the Cretaceous peneplain".

Besides the difference of the predominant sandstone type between 

the lower two units and the upper sandstone unit, there appears a relative 

increase in the ratio of metamorphic quartz over igneous quartz from 

the basal sandy unit (= ? Buckhorn conglomerate equivalent) to the upper 

sandstone unit, A change of the ratio between zircon and tourmaline, 

although both are well-rounded multi-cycle products, was also recognized 

in a measured section (pl, 8), These changes of the lithologic nature 

from the basal unit to the upper unit of the Dakota sandstone may be 

best explained as the result of change — either replacement or 

addition, most probably the latter — of the provenances. According 

to Breed (195&) » who studied the sedimentary petrography of the Dakota 

group in the area southeast of the mapped area, "in general, a western 

source seems to have been most effective during Lakota (= "basal 

conglomeratic sandstone or sandstone unit" of the present author) 

deposition followed by possible contribution from the east during 

Fuson (= "middle shaly unit" of the present author) and Fal] River 

(= "upper sandstone unit" of the present author) deposition". The 
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author agrees with a possible provenance on the east during the deposition 

of the Dakota sandstone, probably of the upper unit, though it may have 

had only a local significance* .

* King (1951, P» 37) mentions that the Dakota group was "mainly derived 

not from the Cord ill eran area, but from the northeast and east, toward 

the Laurentian shield". This may be true for the Dakota group east of 

the Front Range, but not true for the Dakota west of the Range, particularly 

in northwestern Colorado. Only the Siouxana arch, extending from south

eastern North Dakota, across northern Nebraska, to southeastern Wyoming 

may be considered as another possible provenance.

Possible Local Provenance

A few local positive areas, which could supply sediments for the 

Dakota interval, probably the upper part of the Dakota sandstone, may be 

considered besides the major provenance, the Cordilleran geanticline. The 

Dakota group or sandstone rests on or very close to the Precambrian 

basement in the following regions :

(1) Gore Range (southern part of the Park Range)

(2) Western flank of the Front Range (southeastern corner of Middle

Park)

(3) Twelve Mile Park (north of Canyon City)

(4) South end of the Wet Mountains

According to Lovering (1929, fig. 5 and p. 89? 1935» P*  17), the 

Dakota .... "overlaps the Morrison and rests upon Precambrian rocks in 

the southwestern part of the Montezuma quadrangle near the Swain River".
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A similar relation has been mapped over a fairly wide area along the 

eastern flank of the Gore Range (Burbank, et al., 1935) » for instance, 

"Georgia Pass, a few miles southeast of Breckenridge" (Lovering, 1929, 

p. 89)• Furthermore, a patchy outlier of the Dakota sandstone has been 

mapped along upper Morrison Creek on the eastern flank of the Park 

Range (Burbank, et al., ibid.). These evidences suggest that a part of 

the Park Range was a positive element during the deposition of the 

Dakota interval and could have been a local provenance for deposition 

of the Dakota sandstone on the west.

A possibly related contact between the Dakota sandstone and the 

Precambrian rocks has been suggested along the western flank of the 

Front Range. According to Johnson, Hayes and Ettinger (personal 

communications), the Dakota sandstone with underlying veneer of the 

Morrison or without it rests on the Precambrian at the area between 

Kenosha Pass and Wilkerson Pass, especially close to Sulphur Mountain 

area. Further south, a similar, if not identical, relation has been 

mentioned by Lovering (1929, p. 89) near Twelve Mile Park. The same 

relationship at the south end of the Wet Mountains has been described 

by Johnson (1929).

Paleogeography and Tectonism

Jurassic marine deposition prevailed during Oxfordian and resulted 

in deposition of the Curtis formation in northwestern Colorado. The 

marine environment gradually changed into the fresh-water lacustrine and 

fluvial environment of the Morrison formation. "Positive areas in
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Colorado that earlier had been active, were not prominent during the 

deposition of the Morrison formation and were largely buried by accumulating 

sediments" (McKee et alo, 1956, pe 3) "A source area might be postulated 

for the Morrison formation in northwestern Utah" (McKee et al., ibid.)e 

During this time, the Ancestral Rockies approached base-level and by the 

close of the Jurassic, peneplanation was virtually complete, "In general, 

belts of thickness of the Morrison formation trend northwestward across 

the region in contrast to the earlier northward trend" (McKee et al., ibid.).

Post-Morrison and pre-Dakota warping has been described, not only 

in the Front Range (Waage, 1955» P*  25), but also in northwestern Colorado 

(e. g., Breed, 1956). As Breed believes, such regional deformation 

probably resulted from early pulses of the Cretaceous geosynclinal 

subsidence. However, recent studies of the Morrison-Dakota stratigraphy 

in the Western Interior seems to suggest a facies relationship between 

the two stratigraphic units instead of separation by the supposedly 

distinct unconformity. Thus, a supposedly considerable time span 

between the deposition of the Morrison formation (Kimmeridgian and 

Portlandian) and the lower part of the Dakota sandstone (probably 

Aptian), which has been concluded on a basis of biostratigraphy, has 

been doubted by Haun and Weimer (Personal communications)* The 

fluvial Buckhorn conglomerate member and its equivalents were deposited 

over most of northwestern Colorado during this time span. This deposition 

resulted from the change of tectonism of the hinterland on the west and 

the south, in association with transgression of the sea from the north, 
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which caused the rejuvenation of the drainage system to the south. The 

continuous advancement of the sea created a series of brackish lakes, 

lagoons, and swamps behind a shoreline of less relief. The sea seems 

to have been located to the east or north of the region.

After the deposition of the Cedar Mountain or its equivalent - 

early Albian - another change of tectonism in northwestern Colorado and 

adjacent areas resulted in a vast invasion of the Cretaceous sea into 

the region from the north, The sea continued to spread toward the south

east and south. Normal epineritic and littoral sediments were developed 

on a fairly stable shelf. The sea reached the Eastern Rockies (Park 

Range) and this locally high area supplied sediments. The dawn of 

Cretaceous tectonism in northwestern Colorado is indicated by the over

lapping relationship (eastward thinning), thickening in subsiding areas 

close to the positive areas, and a probable regional disconformity at 

the bottom of the upper sandstone unit of the Dakota sandstone.

Close to the end of the Early Cretaceous (late Albian), the sea 

advanced further southward resulting in the coarse clastic, Dakota 

sandstone becoming younger to the south, while northwestern Colorado 

became the site of fine clastics (black shale deposition) as the result 

of deepening as well as widening of the Cretaceous sea. Intensive 

volcanism, possibly in central Idaho, deposited air-borne volcanic 

material (now bentonite). At about this time the southern sea was 

connected with the sea from the north (Reeside, 1957) »

’’Precursory tectonic activity of the Laramide structure may be*  
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evidenced in the distribution of the Dakota, group" (Breed, 1956)*  The 

present author, however, has not yet reached any definite conclusion as 

regards this problem*
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CONCLUSIONS

The Lower Cretaceous, post-Morrison, and. pre-Mowry section is 

called Dakota sandstone in northwestern Colorado and is divided into 

two units. The lower unit is further subdivided into two parts*  The 

basal part of the lower unit is composed of buff-colored, medium- to 

coarse-grained sandstone, intercalated with gray and variegated sandy 

siltstone and shale*  %he unit most probably was deposited in a 

continental and fluvial environment and, at the western edge of the 

mapped area, may be traced westward to the Buckhorn conglomerate member 

of the Cedar Mountain formation®

The upper part of the lower unit consists of green, greenish gray, 

or grayish red siltstone and shale, intercalated with a few thin lime

stones*  The depositional environment of this unit may be an intimate 

association of fluvial, lagoonal, paludal, or possibly mixed or transitional 

environments*

The upper unit is most persistent and uniform lithologically*  It 

consists of sandstones, gray to buff, fine- to medium-grained, well- 

sorted, well-cross-laminated with planar cross structure, iron-stained,

178



T 885 179

intercalated with carbonaceous dark gray shales. An epineritic (with 

the possible inclusion of some littoral accumulation) environment may be 

suggested from the underlying lower unit by a disconformity of possibly 

regional extent»

The boundary between the Dakota sandstone and Morrison formation 

is for the most part indeterminable, or only arbitrarily defined, and 

a possible lateral facies relationship is observed between the two 

units in northwestern Colorado» The probable disconformity between 

the lower and upper units of the Dakota sandstone is supported by the 

difference in the isopachous pattern of the units, the types of sand

stones (lithology), irregularly undulating surface of contact, and the 

sedimentary structures»

The sediments of the Dakota sandstone in northwestern Colorado were 

mainly supplied from the Cordilleran geanticline to the west. A local 

provenance, however, can be concluded from the overlapping nature of the 

upper part of the Dakota sandstone in the Park Range, Front Range, Wet 

Mountains of central Colorado, as well as from the upward change in 

lithology of sandstone in northwestern Colorado. The transgression 

resulting in the deposition of the Dakota sandstone was from the north 

to the south in general direction. The transgression was associated with 

intermittent phases of regression.



T 885

BIBLIOGRAPHE

Bass, N. W., 1958, Subsurface geology of the Dakota sandstone in the 
oil-fields area of the Denver Basin, Colorado and Nebraska: U. S. 
Geol. Surv. Repts. Open File, Ser., no. 439»

Bissell, H. J., 1952, Stratigraphy and structure of the north-east 
Strawberry Valley quadrangle, Utah: Amer. Assoc. Petrol. Geol., 
v. 36, p. 575-634.

Breed, C. E., 1956, The Dakota group in northwestern Colorado: Unpublished 
Master of Science's thesis, Univ, of Colorado.

Brown, R. W., 1950, Cretaceous plants from southwestern Colorado: U. S. 
Geol. Surv., Prof. Pap. 221-D, p. 45-66.

Carter, W. D., 1956, The Burro Canyon-Dakota contact in the Mt. Peale 
No. 1 quadrangle, western Colorado and eastern Utah: I. A. P. G. 
Guidebook to the Geology and Economic Deposits of east central 
Utah, Seventh Ann. Field Conf., p. 113-115•

1957» Di sc on formity between Lower and Upper Cretaceous in western 
Colorado and eastern Utah: Geol. Soc. Amer., Bull., v. 68, p. 307
314.

Chronic, John, 1954, Paleozoic fossils in Cretaceous conglomerates from 
Colorado : Jour. Sediment. Petrol., v. 24, p. 142.

Darton, N. H., 1904, Discovery of the Comanche formation in southeastern.
Colorado: Science, new series, v. 22, p. 120.

* References other than those listed here may be found in the bibliography 
of the preceding paper on the Iles dome area.

180



T 885 181

KLdridge, G. H,, 1894, Description of the sedimentary formations in the 
Anthracite-Crested Butte quadrangles, Colorado: U. S. Geol. Surv, 
Geol. Atlas, folio 9» P« 6-7.

1896, Mesozoic geology in Emmons. S. F., Cross, Whitman, and 
Eldridge, G. H., Geology of the Denver basin in Colorado : Ü. S. 
Geol. Surv., Mon., 27, p. 51-150.

Fidler, M. M., 1950, Baxter Basin gas fields, Sweatwater County, Wyoming? 
Church Buttes gas field, Uinta County, Wyoming ? Clay Basin gas field, 
Daggett County, Utah in Guidebook, Fifth Ann. Field Conf., Southwest 
Wyoming. Wyoming Geol. Assoc, p. 109-116.

Finlay, G. I., 1916, Description of the Colorado Springs quadrangle:
U. S. Geol. Surv., Geol. Atlas, Colorado Springs folio, no. 203, 17 P»

Goldstein, Augusta, Jr., 1948, Cementation of Dakota sandstone of the 
Colorado Front Range: Jour. Sediment. Petrol., v. 18, n. 3, p. 108-125»

1948a, Dakota group of the Colorado Front Range: Unpublished Doctor 
of Philosophy8s thesis, Univ, of Colorado.

===_œœ==i 1950» Mineralogy of some Cretaceous sandstones from the Colorado 
Front Range: Jour. Sediment. Petrol., v. 20, p. 85-97•

tGudim, C. J., 1956, Eastern Great-Divide-Washakie Basins in Subsurface 
Stratigraphy of the pre-Niobrara formations in Wyoming: Wyoming 
Geol. Assoc., p. 69-75»

Harshbarger, J. W., Repenning, C. A., and Irwin, J. H., 1957» Stratigraphy 
of the uppermost Triassic and the Jurassic rocks of the Navajo 
county: U. S. Geol. Surv., Prof. Pap. 291.

Heisey, E. L., 1954, Correlation of Cretaceous rocks, southwestern Powder 
River Basin - Wind River Basin: Wyoming Geol. Assoc. Guidebook, Ninth 
Ann. Field Conf., p. 45-48.

Hubert, J. F., 1954, Structure and stratigraphy of an area east of Brush 
Creek, Eagle County, Colorado: Unpublished Master of Science’s 
thesis, Univ, of Colorado.

Huddle, J. W. and McCann, E. T., 1947, Geologic map of the Duchesne River 
area, Wasatch and Duchesne Counties, Utah: U. S. Geol. Surv., Oil 
& Gas Inv. Prel. Map 0M15.

Johnson, J. He e 1929, Contribution to the geology of the Sangre de Cristo 
Mountains of Colorado: Colo. Soi. Soc., Proc., v. 12, p. 3-21.



T 885 182

*Katich, P. J., Jr., 1951» Recent evidence for lower Cretaceous deposits 
in Colorado? Amer. Assoc. Petrol. Geol., Bull., v. 35, p. 2093-94.

Keller, W. D., 1953» Clay minerals in the type section of the Morrison 
formations Jour. Sediment. Petrol., v. 23, p. 93-105.

King, P. B., 1951» The tectonics of middle North Americas Princeton 
Univ. Press, 203 P»

Kinney, D. M,, 1951» Geology of the Uinta River and Brush Creek-Diamond 
Mountain area, Duchesne and Uintah Counties, Utah: U. S. Geol. Surv., 
Oil & Gas Invest., Prel. Map OKL23.

_____ 1955» Geology of the Uinta River and Brush Creek - Diamond 
Mountain area, Duchesne and Uintah Counties, Utah: U. S. Geol. Surv., 
Bull., 1007, 185 P.

Krumbein, W. C., 1945, Recent sedimentation and search for petroleums 
■Amer. Assoc. Petrol. Geol., Bull., v. 29, p. 1233=1261.

 1948, Litho facies map and regional sedimentary-stratigraphic
analysiss Amer. Assoc. Petrol. Geol., Bull., v. 32, p. 19oil923.

1952, Principles of facies map interpretation: Jour. Sediment. 
Petrol., v. 22, n. 4, p. 200-211.

__ 1957» Comparison of percentage and ratio data in facies mappings 
Jour. Sediment. Petrol., v. 2?, p. 293-297.

. and Libby, W. G., 1957» Application of moments to vertical 
variability maps of stratigraphic units: Amer. Assoc. Petrol. Geol., 
Bull., v. 41, p. 197-211.

____ and Sloss, L. L., 1953» Stratigraphy and sedimentation : Freeman 
and Co., San Francisco, 497 P*

vLammers, E. C. H., 1939» Origin and correlation of Cloverly conglomerate5 
Jour. Geol., v. 4?, p. 113-132.

Lee, W. T., 1923» Continuity of some oil-bearing sands of Colorado and 
Wyoming: U. S. Geol. Surv., Bull., 751-A.

_____ 1927» Correlation of geologic formations between east-central 
Colorado, central Wyoming, and southern Montana: U. S. Geol. Surv., 
Prof. Pap., 149.



T 885 183

Lovering, T. S. , 1929» Geologic history of the Front Range, Colorado : 
Colo. Sei. Soc., Proc., v. 12, p. 61-110.

1931, The Granby anticline, Grand County, Colorado: U. s. Geol. 
Surv., Bull., 822, p. ?l-?6.

__ 1935, Geology and ore deposits of the Montezuma quadrangle, 
Colorado: U. S. Geol. Surv., Prof. Pap., 1?8, 119 p.

Meek, F. B., and Hayden, F. V., 1861, Descriptions of new Lower Silurian, 
(Primordial), Jurassic, Cretaceous, and Tertiary fossils collected 
in Nebraska territory with some remarks on the rocks from which they 
were obtained; Acad. Nat. Sei. Phila., Proc., v. 13, p. 419-420.

Mitchell, J. G., 1956, Charophytes as a guide to distinguishing between 
Lower Cretaceous and Upper Jurassic continental sediments in the 
subsurface: I. A. P. G. Guidebook to geology and economic deposits 
of east-central Utah. Seventh Ann. Field Conf., p. 105-112.

Oster, L. D., 1953, Stratigraphy of the Cloverly formation, the Thermopolis 
shale, and Muddy sandstone in part of south-eastern Wyoming: Wyoming 
Geol. Assoc. Guidebook to Eighth Ann. Field Conf., p. 40-46.

Parsons, M. C., 1955» Geology of the Gore Canyon, Colorado: Unpublished 
Master of Science's thesis, Colo. Sch. Mines.

Peck, R. E., 1941, Lower Cretaceous Rocky Mountain non-marine microfossils : 
Jour. Paleont., v. 15, p. 285-304.

1957» North American Mesozoic Charophyta: U. S. Geol. Surv., Prof. 
Pap., 294—A, 44 p.

Raup, 0. B., and Miesch, A. T., 1957, A new method for obtaing significant 
average directional measurements in cross-stratification studies: 
Jour. Sediment. Petrol., v. 2?, n. 3, p. 313-321.

Reeside, J. B. Jr., 1930, The Cretaceous faunas in the section on 
Vermillion Creek, Moffat County, Colorado: Wash. Acad. Sci., Jour., 
v. 20, p. 35-41#

1955, Revised interpretation of the Cretaceous section on
Vermillion Creek, Moffat County, Colorado: Wyoming Geol. Assoc# . 
Guidebook to the Green River Basin, Tenth Ann. Field Conf., p. 85-88.

Repenning, C. A., and Page, H. G., 1956, Late Cretaceous stratigraphy of 
Black Mesa, Navajo and Hope Indian Reservations, Arizona: Amer. 
Assoc. Petrol. Geol., Bull., v. 40, n. 2, p. 255-294.



T 885 184

Ruby, W. W6, 1930g Lithologic studies of fine-grained upper Cretaceous 
sedimentary rocks of the Black Hills region: U. S. Gaol. Surv., Prof. 
Paper 165-A.

Shaw, A. Bo, 1957» Correlation and nomenclature of the pre-Pierre 
Cretaceous of North Park, Colorado : R. M. A. G. Guidebook to 
North and Middle Parks Basin, p. 48-50«

tSirnmons, G. C., 1957» Contact of Burro Canyon formation with Dakota 
sandstone, Slick Rock district, Colorado and correlation of Burro 
Canyon formation: Amer. Assoc. Petrol. Geol., Bull., v. 41, p. 2519
2529.

Sloss, L. L., 1955» Location of petroleum accumulation by facies studies: 
Fourth World Petroleum Confer., Proc., sect. I, p. 315-333 (Discussion 
P. 333-335).

. Krumbein, W. C., and Dapples, E. C., 1949» Integrated facies 
analysis : Geol. Soo. Amer., Mem. 39» p. 91-124.

Stanton, T. W., 1905» The Morrison formation and its relation with the 
Comanche series and the Dakota formation: Jour. Geol., v. 13, 
p. 654-669.

Sternberg, C. W. and Crowley, A. J., 1955, Cretaceous sands of the Denver 
Basin: Oil & Gas Fields of Nebraska, R. M. A. G., 1955» p. 17.

Stokes, W. L., 1944, Morrison formation and related deposits in and 
adjacent to the Colorado Plateau: Geol. Soc. Amer. Bull., v. 55# 
p. 951-992.

1952, Lower Cretaceous in Colorado Plateau: Amer. Assoc. Petrol. 
Geol., Bull., v. 36, p. I766-I776.

1955» Non-marine Late Jurassic and Early Cretaceous formations : 
Wyoming Geol. Assoc. Guidebook to the geology of the Green River 
Basin, Tenth Ann. Field Conf., p. 80-84.

and Phoenix, D. A., 1948, Geology of the Egnau-Gypsum Valley area, 
San Miguel and Montrose Counties, Colorado : U. S. Geol. Surv., Oil 
& Gas Invest. Ser., Prel., Map 93.

Stokes, W. L., Peterson, J. A., and Picard, M. D., 1955, Correlation of 
Mesozoic formations of Utah: Amer. Assoc. Petrol. Geol., Bull., 
v. 39, n. 10, p. 2003-2019.



T 885 185

Stose, G. W., 1912, Description of the Apishapa quadrangle, Colorado: Û. S. Geol. Surv., Geol. Atlas, Apishapa folio (no. 186), 12 pe

Tester, A. Ce, 1929, The Dakota stage of the type locality: Iowa Geol. 
Surv., Ann. Rept., v. 35, p. 195-332.

1952, Additional facts concerning the age and origin of the type 
section of the Dakota stage : Geol. Soc. Amer., Bull., v. 63, p. 1386.

Tank, R. W., 1956, Clay mineralogy of I^orrison formation. Black Hills 
area, Wyoming and South Dakota: Amer. Assoc. Petrol. Geol., v. 40, 
p. 871-878.

Thompson, W. 0., 1937, Original structures of benches, bars, and dunes: 
Geol. Soc. Amer., Bull., v. 48, p. 723-752.

Twenhofel, W. H., 1947, The environmental significance of conglomerate : 
Jour. Sediment. Petrol., v. 17, p. 119-128.

Waage, K. M., 1955» Dakota group in northern Front Range foothills : U.
S. Geol. Surv., Prof. Paper 2?4-B.

Waldschmidt, W. A., 1941, Cementing materials in sandstones and their 
probable influence on migration and accumulation of oil and gas: 
Amer. Assoc. Petrol. Geol., Bull., v. 25, p. 1839-1879*

___ and LeRoy, L. W., 1944, Reconsideration of the Morrison formation 
in the type area, Jefferson County, Colorado: Amer. Assoc. Petrol. 
Geol., Bull., v. 55» P*  1097-1114.

Weiss, M. P., 1956, Tubular structures in Fall River (Dakota) sandstone : 
Jour. Geol., v. 64, p. 521-522.

Zoerb, R. M., 1954, Geology of the Elk Mountain area, Jackson County, 
Colorado: Unpublished Master of Science's thesis, Colo. Sch. Mines.



T 885

APPENDIX



T 885

SEDIMENTARY PETROGRAPHIC NOTES

A sedimentary petrographic study of the Dakota sandstone was carried 

out on the sandstone samples from the White River surface section, Secs.

3 & 10, T. 1 S., R. 93 W. (pl. 8).

Heavy Mineral Suite

The heavy mineral suite observed consists of such species as 

zircon, tourmaline, leucoxene, ilmenite, hematite or limonite, biotite, 

and others. Zircon and tourmaline are most predominant and there appears 

to be a relative increase in amount of zircon upward accompanied by a 

relative decrease of tourmaline. Exactly as Goldstein states (1950, p. 89) 

in his study of the Dakota sediments along the Front Range, ’’the zircons 

may be divided into two groups, one anhedral, elliptical, and well-rounded, 

the other euhedral and exhibiting very little wear”. It is quite interest

ing to note, however, that Goldstein found that the two groups of zircon 

are equal in relative amounts in the Front Range, whereas the present 

author found that the euhedral species (fig. 1) is always much less 

common than the anhedral one in the White River section. This westward 

decrease of relative frequency of euhedral zircon might be an indication

187
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Figure 1. Euhedral zircon among the heavy minerals of the

Dakota sandstone (x 200) (Uncrossed nicol)
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of westward increase of distance from a source area.

Most tourmaline grains are elliptical and well-rounded. There are 

a few pale blue, pleochroic tourmaline grains. Among the thirteen types 

of tourmaline grains described by Krynine (1946), the type with “reworked 

and very abraded overgrowth“ is fairly common (cfr. Krynine’s fig. 3h 

and 31) » The predominance of these two minerals and the shape and round

ing of these grains in the Dakota sediments suggest "concentration over 

long periods of geologic time" (Goldstein, 1950, p. 89) and “the presence 

of anhedral and euhedral zircons and tourmalines in the same samples of 

the Dakota sandstone suggest that two generations of these minerals are 

present** (Goldstein, ibid. ) .

No aberrant variations in heavy mineral composition, such as 

described by Goldstein (ibid., p. 90), were found in the studied section.

Petrographic Modal Analysis (Composition of Sandstone)

Conventional modal analysis using the Wentworth-Hunt recording 

micrometer (mechanical microscope stage; "Rosiwal’s method") was used 

in classifying sandstone types of the Dakota sandstone. All the sand

stones examined contain very small amounts of feldspar - always less 

than 1 percent. Both plagioclase and microcline were found. There 

seems to be a relative increase of rock fragments upward in relation 

to a relative decrease of chert fragments upward.

Four different kinds of cementing material were observed : 1. 

silicinate, 2. ferruginate, 3. carbonate, and 4. argillaceous. Almost 

all the sandstones of the. Dakota sandstone indicate silicinate cementation, 
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though the degree of this (possibly secondary) cementation appears 

variable, Selective silicification can be seen both megascopically 

and microscopically (fig. 2). Goldstein (1948, p. 110) points out that 

ltferruginate cement is second in importance only to silicinate cement 

in Dakota sandstones and it may be either primary or secondary?, r 

Secondary ferruginate cementation may result from the alteration of 

iron-bearing minerals after induration.

"The occurrence of spherical spots of limonite 
scattered irregularly through some of the Dakota 
sandstone (cfr. fig. 3 of this text) are due to 
the diagenetic alteration of grains or nodules of 
pyrite or marcasite. The hydrated iron oxides 
formed are not widely distributed but remain in a 
small spherical area around the old nucleus, 
although all trace of the original pyrite or 
marcasite may be gone (cfr. fig. 3 of this text). 
This is an example of epigenetic ferruginate 
cementation, as the spherical, radiating spots are 
commonly more indurated than the surrounding areas" 
(Goldstein, ibid.).

Observations of rock samples used in the present study verifies this 

conclusion.

Carbonate cement (calcite) is common in some sandstones of the

Dakota sandstone, ^aldschmidt (1941) found a definite sequence in the 

order of deposition of cementing materials in the sandstones of the

Rocky Mountain area. His conclusion is that, where the following four 

cementing materials are present, they always precipitate in the follow

ing orders 1. quartz (silica), 2. dolomite, 3. calcite, and 4. anhydrite.

The present observation also indicates that the calcite cementation came 

after the silicinate (fig. 4). Argillaceous cement is fairly uncommon.
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1
Figure 2. Photomicrograph showing selective silicification of the

Dakota sandstone (x 50) (Cross nicol). q, quartz grain;

s, silicinate cement
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Figure 3*  Photomicrograph showing ferruginat® cement of the

Dakota sandstone (x 25) (Uncrossed nicol), q, quarts;

dark matrix is ferruginate cement*
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Figure 4„ Pho tomicro graphs showing the relation between calcareous 

and siliceous cementation (x 50) (Crossed nicol), q, quartz 

grains; s, silicinate cement; c, calcite cement; note

outgrowth of silica around detrital quartz grains
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except the sandstone in the "Middle Variegated Shale and Sandstone 

Unit" of the White River section (cfr. pl. 8).

There seems to be an intimate relation between the features 

described above and the vertical change of sandstone types from less 

mature protoquartzite or subgraywacke to more mature orthoquartzite.
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