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INTRODUCTION

Location of the Area

Ihe region whiéh has furnished the data
upon which the following paper is based is an area of Pennsylvanian
sediments located ih the extreme northern part of Eagle County
Colorado. It lies some sixty miles northeast of Glenwood
Springs and is approximately midway between the towns of Eagle
and Kremmling. Representing as it does a local phase in
Pennsylvanian sedimentation, the exposed area of the formation
is small,- perhape not exceeding fifteen or twenty square miles
which, except for certain isolated outorops, lies along the
valley of the Colorado River to the south and west of the village
of McCoy. Here in its type section it forms the northeastern
flank of a regional structural basin lying to the southwest a&;
vand rapidly disappears under younger sediments and lava flows in
.-that direction. On the southwest flank of thie same struotn:al
basin Pennsylvanian outcrops again appear along Sweetwater Creek,
Deep Creek, and the Colorado River near the station of Dotsero;
but with a facies so different that the exact relationship with
the McCoy cannot easily be determined.
Purpose of the Study

It is not within the ecoﬁe of this paper

to make an extensive study of the entire Pennsylvanian record
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of this region even though such a study is essential to a
complete stratigraphic history of the area. In Eagle

County strata of the Pennsylvanian period are the surface forme
ations in three widely separated areas, all of which are so
lithologically different that correlation of each with the
other is extremely difficult. The Minturn-RKedcliffe area
lies a considerable distance to the south of McCoy; the
Dotsero-Sweetwater area is a similar distance to the southweset.
.Both of these areas differ frém_the one under study in the
greater abundance ofs limestone appearing in the section, the
presence of thick gypsum beds, and the character of the grits
and conglomeratee which make up the coarser clastics. All

of these areas show to some extent the effect of an actively
eroding land mass sometime during their sedimentary history. .
In the case of the lMcCoy formation however, ite extremely local
character, ite coarse and highly colored clastics, and its
inconsistent lateral changes in lithology make it a problem
unique in its origin and eavironment of deposition.

The primary purpose of the study therefore,
is not an attempt of correlation of widely separated areas with
the McCoy, but rather to present the latﬁer as one phase of the
sedimentary history of the Pennsylvanian in this region. Its
problem is three-fold:- (a) the source of the sediments of which

it is composed, (b) the conditions under which they were trans-
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ported and deposited, and (c) the paleogeographic changes which
may have taken place during their deposition. ‘Any points which
suggest some correlative value are carefully'noted and diecuésed
but'it is the specific aim of the paper to present data on
one.phase of a nmore extensive problem which the writer believes
is pertinent to a complete stratigraphic study of the region.,
That problem is the paleogeography of the region in Pennsylvanian
times., |
Methods of Study

Field work in the area was done during
fhe summer of 1938 under the direction of the University of
Michigan Geological Camp located at State Bridge. It consisted
for the most part of the measurement and description of various
sections and the securing of samples for petrographic study.
Samples were collected and sections measured on the slopes of
reeistant topographic ridges formed by the steeply dipping
beds and in artificial exposures made by the cuts of the highway
and the Denver and Salt Lake railway. In practically every
instance the thickness of the strata was determined by tape
measurenent. Samples were taken only from the coarser clastics
such as the sandstones, grits, and conglomerates with the
exception of those ocassional samples taken from thin limestone
members for the microscopic study of insoluble residues., In

all sections studied particular attention was given to the lime
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content of the arkosic materials as well ae the character of
the pebbles and boulders found within the conglomerétee.

Laboratory work on the samples collected
was done in the laboratories of the Kansas City Junior College
and the University of Kansas City and extended over several weeks
of the late summer and fall.  Much of the time spent in the
laboratory was devoted to the petrographic study of the heavier,
more stable minerals to supplement field observations of the
consistent vertical change in the composition of the pebbles
making up the conglomeratee of the section. Some one hundred
and fifty samples were examined. - These included a few selected
samples from the Minturn and Dotsero-Sweetwater region, all sig-
nificant intervals of the type section; and many samples from
scattered sections of the formation as well as a numbér of
samples of crushed Pre-Cambrian crystalline rocks of nearby
localities.

The procedure utilized was to first ocrush
the samples gently and pass through a ten, twenty, and thirty
mesh sieve. That which passed through the thirty mesh sieve
seemed a more desirable gradé‘for microscopic study although
the coarser grades were examined for the more easily recognizable
minerals. Before the heavy mineral separation the samples
were'carefully boiled and washed in water for the removal of
iron oxide stains. In cases where a small amount of dilute

hydrochloric acid was mdded to facilitate the process, a portion
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of the original samplevwas retained for the study of minerals
which might be destroyed by the acid treatment.  Samples in
which the lime content was especially high were first treated
with dilute hydrochloric acid and the percentage by weight of
the lime was calculated.

| Acetylene tetrabromide was the liquid
used for the separation of the mineral groups. In each sep-
aration from thirty to fifty grams of materials were uded and
by weighking before and after treatment the percentage by weight
of each mineral group was calculated. After the eseparation
process was completed, -all of the héavy mineral concentrate
was mounted on slides for identification and study with the
petrographic microscope. A small portion of the lighter
mineral group was likewise mounted for a similar study. The
procedure employed for the crushed samples of the PreiCambrian
crystalline?‘rocke was essentially the same as for‘the
clastics wifh the exception of the acid treatment used in the
case of the latter.
Ackgcwledgemeg%s

The writer is indebted to Professor

G. M. Ehlers of the staff of the Univereify of Michigan for
suggestione and cooperative assistance in the summer's field
work, To Kenneth Brill, graduate student of the University
of Michigﬁn, and Mary Elizabeth>Cooley of Mount Hdlyoke.Collegé,
South Hadley Maseachuesejfa grateful appreciation ié expressed

for personal communication of field observations in nearby areas
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in which thejftoo were working. The writer's interest in the
problem was developed and stimulated through information given
him by Dr. Charles F. Bassett of the University of Kansas City.
For hie personal interest in the work and his cooperation in ex-
tending the facilities of his department for laboratory study,

the writer is especially grateful.

THE McCOY FORMATION

Geology of the Region

The forwations that outcror in the
McCoy area range in age from PreiCambrian to Recent but for
the purpose of this study none but the McCoy is discussed in
detail. ‘The Pre-Canbrian lies mostly to the north and east
of the aree and consists of gneisses and echists with intrusions
of granites and pegmatites. On this Pre-Cambrian surface
many of the younger formations are known to overlap. The-

Cambrian is represented by a basal quartzite ( Sawatch ) overlain

by the Peerless shale. Donner gives its thickness at Glen-
wood Springs as thirty five feet. He also states that it
disapprears to the north of the area. Twelve miles north of

the village of McCoy it is very thin and overlain by the
Morrison formation of Jurassic age. Six miles east of Yarmony

Mountain it is lacking entirely and the Penneylvanian is resting

upon the Pre-Cambrian.* The Leadville limestone of Mississippian
24, F. Donner, Geology of the McCoy Area. Doctor's dissertation
1935 . o . Page 6



age lies unconforrably upon the Cambrien in this area. In

places near McCoy only remnants of this formation are found

and the Pennsylvanian reets upon the Sawatéh.* The Leadville

is a very dense, fine grained, gray limestone and locally contains

chert in its upper part. Some distance to the southwest |

in the Dotsero-Sweetwater regién it often carries an odlitic

phase and weathers into huge, massive blocks. Its unconform-

able contact with the Pennsylvanian above shows its upper surface

to have been eroded before the deposition of those sediments.
That the McCoy formation which lies above

fhe Leadville limestone is of Pennsylvanian age seems certain

but whether the 6ver1ying maroon formations should be so classed

is #%ill & question. Tﬁese maroon formations include the

Rock Creek conglomerate immédiately above the McCoy followed by

the State Bridge siltstones. Most geologiste who are familiar

with the region prefer to speak of these ;ormations as Permo-

Pennsylvanian. Recently it has been suggested that the base

of the Rock Creek be brought lower in the section, perhaps at

the base of interval 124 ( See Type Section of the McCoy ).

In this paper hewsver, the writer has found it more convenient

to identify the Rock Creek with those conglomerates which lie

immediately below the red beds ( State Bridge siltstones )

and above the lithographic limestone which has been designated.

by the field name of Leadvilloides limestone by previous

* H, F. Donner, The Geology of the McCoy Area
Doctor's diesertation, 1935 "
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investigators. The KRock Creek or a formation so correlated
ie‘knOWn to overlar upon the Pre-Cambrian in the vicinity of
Radium to the northeast. The correlation is apparently

based upron ite stratigraphic position below the red beds and
above the McCoy arkoses. There is however a great change in
its lithology in this area. Here it is a typical conglomerate
composed of rather uniformily sorted pebbles of gray granite and
quartz throughout. The marcon color so typical of the Rock
Creek in the McCoy area is lacking and the supply of coarser
sediments from which it was derived seemé to have been more
constant and uniform.

The Jurassic is composed of the
Entrada sandstone overlain by the Morrison formation. ‘These
beds are overlain by the Cretaceous which consists, in ascending
order, of the Dakota sandstone, the Benton shale, and the
Niobrara formation. The Tertiary record is mostly igneous
in nature and consists of several hundred feet of extrusive
volcanics which form the resistant covering for many of the
higher topographig features of the region. A few intrusions
of porphyry have also been assigned to the Tertiary Period.

The beds of the McCoy have been thﬁown
into & series of folds many of which have been Broken by both
major and minor faulting. This makes the measurement of
sections in places very difficult and the walking of certain

beds extremely uncertain, The major faults of the region
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have a general north-northeast trend and & displacement which
is sufficient to bring formations, far apart in the sequence
of time, in contact with each other.

Summary of the Stratigraphy

Recent . . . . . . . Eluvium

Pleistocene . . . . . Alluvium

Tertiary . . . o e . Extrusive volcanics
Porphyry intrusions

Cretaceous . . . . . . Niobrara formation

Benton shale

Dakota sandstone
Jurassic . . . . . . Morrison formation

' , . Entrada Sandstone

Permo-Pennsylvanian. . . . State Bridge siltstone
Rock Creek conglomerate
Mc Coy formation
Leadville limestone
Peerless shale
Sawatch conglomerate
and qQuartzite
Pre-Cambrian . . . . . Various schists, gneisses,

granites, and pegmatites,

Pennsylvanian
Miseissippian
Cambrian .

[ 2
°
..
*
L ]

[
[ 4
.
[
L]

The McCoy formation, as here used, includes
those beds which lie between the Leadville limestone and the
Rock Creek conglomerate. The total section measures some
3600 feet in thickness and is composed chiefly of arkosic
sandstones, grits, and conglomerates interbedded with maroon
and grayish black shales. The limestones are less abundgnt
but are found at certain horigons and in moet cases carry a well
defined fauna. The type section which follows is one which
has been revised from previous sections. Final checking
Was done by Ehlers, Brill, Bassett and the writer in the

course of the summer's field work.
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143

143

141

140
139
138
137
136
135
134
133
133

131

- 130
139

TYPE SECTION OF THE MCCOY FORMATION
Section measured along Rock Creek west of McCoy

Rock Creek Conglomerate
"Leadvilloides" limestone, light gray, lith-
ographic, compact, similar in texture to the
Leadville limestone . . « . . e
Conglomerate, arkoeic, central 30feet w1th
pebbles of acid igneous rocks up to .3' in
diameter, maroon and gray, massive with
cross bedding. Maroon-green limestone 1'
below Leacvilloides . . . e e e e e e e
Limestone, weathers purplleh-gray, two
layers of dark gray limestone .3' thick,
shale pinches out leaving both limeetones
about 2.5' thick, weathers into rectangular
blocke due to joint eystem, contains gastropods . . .
Grit to conglomerate, quartz and feldspar
pebbles, red with white blotches, cross
bedded with color differentiation . . .« . e
Grit, arkosic and micaceous grading into a
sandstone, gray and maroon streaks follow
the bedding, cobbles linch in diameter at the
bB,Be Ofthe next intel‘val . e ‘e T o Y . L) [y . 3 3 . . .
Shale and arkosic sandstone, shale maroon,

sandstone gray and crosebedded . . . ¢« ¢ o o o .o

Grit, arkoesic, gray to pink, massive and
crossbedded, weathers to very rocunded

surfaces . . . © s s e s e s s e s e e e e e e e
Shale, micaceoue, MATOON o « = o o o o « 4 e s o
Grit, arkosic with granite and pegmatlte

pebblee, massive, pink and white beds . . .« . . . &

‘Shale, sandy, maroon . . . e o s c o o o

Sandstone, medium grained to conglomeratlb
contains much feldspar, maroon with gray

bands indicating croesbedding . « « « « + . . o
Shale, micaceous and arenaceous, some eandstone
near the center, shale maroon, sandstone maroon
and green mottled . . . . . .
Sandstone, maroon with buff gray banding, arkosic
conglomeratic at base, nodular areas of calcareous

materials at base . . . . . . . .
Shale, maroon and gray, micaceous with calcareous
nodules near base.. . . « e o « o o o

Shale, calcarecus with a nodular 11meetone

layer about 1' thick 3.5' above the base.

S8hale gray and maroon. Limestone contains

foeei%e ( ecarsely plicated Bpirifers and Gaetro-
pOds L L) . . . . . . . . L] L] . . . . . . 3 L] . . .

8!
183!

8',
g.3!
71
4'
35.5'
13! .
35!
!
33!

17.5!

17t
51

4,8
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138

137

136

135
134

133

132
121
130

119
118

117
116

115
114

113

Sandstone, fine grained with a .5' to .'8 band of shale

near the center and a .5' band of shale near

top. Sandstone increasingly calcareous nest

top. Maroon and greenish gray . . . . . . . 3.5
Shale, micacecus at base and grades into a

maroon and green mottled sandy nodular lime-

etone. Exposure mainly in the form of

8011 [ ] . . . [} 3 605'
Conglomerate, arkosic, pebblee of feldspar, .
granite, pegmatite, greenstone, micaceoue sand-

stone, and some basic igneous rocks, maroon

to buff gray, massive with crossbedding . . . . 30.5!
Shale, with sandy and micaceous layers, maroon
mottled with gray . . . . « o e e e e 30.6"

Conglomerate, pebbles of granite, quartz,

feldspar, mica schists, and compact nodular

limestone. Might be basal conglomerate

of Rock Creek beds (Ehlers). Angular and sub-.

angular pebbles to .6' in diameter. Limestone

is red and pinkish banded and resembles the

McCoy . . . « .. . 16!
Sandstone, arkoeio, finely conglomeratic near

top, maroon with gray bande, thin to massive

CTOBBDEAAEA « « ¢ « ¢ o 4 0 e 0 e 0 e 4 e e .. 33!
Shale, micaceous, maroon, badly weathered nod-

ular limestone near top . . . . . o . 25!
Sandstone, fine grained with nodules of impure

limestone, gray . . . . 1.3!

Grit, breccia, angular fragmente up to 5 n in
diameter, light gray limestone pebbles, weathers

buf L] . L] L ] . L[] L L] L] L] 3'
Shale, with nodulee and 1eneee of limestone,

shale greenish gray, limestone dark gray . . . 5!
Sandstone, medium grained, micaceous with nodules

of limestone at top . . . . e o o o o o 1.3
Conglomerate, arkosic, fine, maseive .« o e . 1.8!
Shale, gray at the base, greenish gray at the _
tOp . e o o . . * e & o o o o e o e o e o . 3.5'
Shale, micaceous, maroon . . . « . . it

Conglomerate, arkosic, maroon with gray bands,
pebbles of granite, quartz, and feldspar,
Lower 10® contains pebbles up to 1%*-in

diameter. Crossbedded and sorted . . . . . 45!
Sandstone with some arkosic layers, micaceoua,
maroon but weathers light gray e s o s o » 30!
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113
111
110

109
108
107

106

105

104
103

102

Section measured alom® railroad cut
about 1 mile north of Bond
Shale, micaceous with about 4' of sandstone
8' above the base. Shale maroon with thin
gray layers. Sandstone gray with some

maroon layers . . . o o . 80!
Limestone, compact, interbedded with green

shale. Upper part contains nodules of

reddish gray chert. Fossiliferous (Pro-

ductids, Spirifers, Compositas )s « « « .+ & 8!

Grit, arkosic with some granite and quartz

pebbles up to .1' in diameter. Banded

maroon and gray with light greenish gray

mottling .« & ¢ ¢ ¢ o & o . . . 8!
Shale, very micacecus and arenaceous with

arkosic bed at base, meroon mottled with

greenish gray. Layers of gray nodular

fossiliferous limestone .1' to .9' thick.

Weathers to a nodular surface . . 13!
Grit, arkosic, maroon with light gray band-

ing. Shaly band sabout.6' thick near the

center of the interval. Grit is conglomeratic

above the .6' band. Massive crossbedding in-

dicated by the COLOT o« « o « o « « o o o & ‘ 43!
Grit,arkosic, calcareous. At base is a thin

maroon shale., At top is a .4' layer of light

gray lithographic limestone with calcite

veinlets. Maroon with small circular mottlings

of light gray. Weathers to nodular surface . 8.3
Grit, arkosic, micaceous. Contains large

pebbles of feldspar. Light gray, maseive, resistant

to weathering . . . . o« o o s 3.5!
Shale, with some calcareoue pebbles, 5 or 6

layere of nodular fossiliferous limestone

+3% to .3' thick. Shale maroon mottled with

green. Limestone maroon Qnd greenish gray

mottled . . . 3 (] . . [] . [ . [ 505'
Grit, arkosic, upper .3' much flner gralned

light gray with maroon banding in upper part.

Bedding .5' to 3.5 thick . . . . o o 10!
Sandstone, micaceous, dull maroon and white

banded, coarse textured with shin maroon shale

beds near top . . . .« o e 40!
Shale, micaceous with nodulee of green and

red mottled limestone near base., Shale hard

and resisting at base. Beds of medium gray

arkosic sandstone increasing in thickness from

«235' to 1!' near the top. Shale dark dull maroon.
Sandstone lighter maroon with light gray bands

Massively bedded . . « « ¢ « ¢ ¢ « o s o o o 13.6"
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101

100

99
o8
o7

o6
95

94

93
93

S1

89

Limestone, dense, interbedded with thin layers
of shale. Upper limestone layers nodular and
impure with sand and mica. Limestone dark gray
and massive to fine bedded at top. Bryozoans
or adgal structures present. Shale gray and
maroon. . . .
Shale, ellghtly micaceous w1th a few pebbles
containing quartz and feldspar. Light bluish
gray with lenses of gray limestone. ©Shale con-
torted with angular fragments. Limestone filled
with calcite veins and with bryozoans or algal
markings and other invertebrates . . . o o
Shale, micaceous, crumbies to angular fragmente.
Near the top is a micaceous sandstone .5' to 1!
in thickness. Below sandstone are irregularly
shaped nodules of gray limestone. ©Shale dark
maroon . . . . . c s e e e e s
Fine conglomerate to grit, arkosic. Near top
is a 7' layer of maroon shale. Gray and maroon
colors follow crossbedding. Massive . « « « . &
Shale, micaceous, red with light gray arkosic
sandstone .1' thick about 1' above base. ( .3'
reddish gray arkosic grit about .5' below

the top « . . . . . e s e s o o,
Sandstone or grit, ark031c, llght gray,
maBSive L] L] L] L] L] L] L] L] L] . . . L] L] L] L] L] L] L] * L]

Shale, very micaceous and arenaceous, inter-
bedded with arkosic medium grained micaceous sand-
stone. Shale chiefly maroon. Sandstone light
gray and generally thin bedded . . . . e s s e s
Shale, with pyrite, gypsum, and eelen1te. Carbon-
aceous and locally crumbly. Interbedded with
arkosic sandstone containing pyrite, selenite, and
limonite- also a few carbonized plant remains.
Shale dark gray to black. Sandstone gray to brown
in layers .1' to 1' thick « ¢« ¢« ¢ ¢ ¢« ¢ o o« o o &
Sandstone, micaceous, light gray, massive « . . .
Shale, laminated, contains much selenite and

mica, dark gray to black. Layer of sandstone
similar to interval 91 about one foot above

the base . . . c e e e e e e e e
Sandstone, micaceous, light gray, massive o+ « .«
Shale, carbonaceous with selenite crystals, very
dark gray to black « + « ¢ o ¢ s 4o s s 6 s e o e .
Sandstone to grit, arkosic, micaceous, massive
with crossbedding. 3' of friable, very micaceous
sandstone at base and .9' of conglomerate with

5!

4'
6.7!
35!

31
3.8!

38!

. 35.8'
. 11.8!

10.6!
3.,9!

. 5.91
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88

87

86

85

84

83

83

81

79

78

'pebbles 1" to0 1' indiameter.( Acid and basic igneous

rocks ) near the center of the interval. Chiefly
dull maroon and thin grayish-white beds. 5' of
greenish-gray beds on top . . . . . . o v e e
Shale, micaceous, arencaeous, laminated inter-
bedded with very gray, micaceous medium grained
sandstone, arkosic,nodules of dark gray limestone

in shale. Shale dark gray. ©Sandstone gray . . . .
Sandstone to grit, arkosic. Near the middle of
interval is a 3' to 3' bed of calcareous, gray

shale with mica, selenite, and lenses of arkosic
sandstone. Near the base of the shale is a bedu

of nodular, compact, dark gray limestone . . .
Shale, micaceous, very carbonaceous and lamlnated
Contains selenite crystals. Interbedded especially
in the center of the interval with layers of

medium grained sandstone, containing pyrite, mica,
limonite, and selenite. 8Shale dark gray. Sandstone
light gray . . . . o o o o
Sandstone and grit arkoeic, lees micaceous than in-
terval 84. A few thin seams of shale with selenite
near the top. Beds run from .1' to massive. Light
gray ig color . . . . e o o o e
Shale, carbonaceous with gray and black carbonaceoue
and argillaceous sandstone layers about .3' thick.
Both shale and sandstone are very micaceous, eon-
tain selenite and have ripple marks on the top
surface of the bed. Sandstone massive and contains
fossil plants. Fault occurs here . . . e s 8 o o
Grit, conglomeratic, very arkosic, subangular
pebbles of quartz and feldspar, reddish gray with
greenish streaks ., . . « o o o s o e e o
Sandstone, micaceous, grading into micaceous

shale at top. Lenses of thin bedded green arkose
which is light gray on fresh fracture - a finer
equivalent of interval 8le . « ¢ ¢ ¢ s ¢ o o o o
Conglomerate, arkosic, micaceous, contains quartz
and feldspar pebbles, masaive, greenish-gray ( color
due to chlorite ) . . .« e e . o
Shale, with small layers of arkoeic eandstone.

Shale dark gray and black. . .

Grit, arkosic, micaceous. Lower 5' thinly beddéd;

above that conglomeratic, arkosic, and with qQuartz
and feldspar pebbles up to .3' in diameter,
Massive, light gray « « « . . o« o « s e e
Shale, carbonaceous, dark gra.y ’ 1aminated ¢on-
tains some micaceous, arkosic, light gray sand-

- stone, Shale with selenite corystals and very

MUCh Crumpled « « « o o o o ¢ o o & o o o o o o

o8!

13!

le!

30!

33!

36,7
al!
5!

13.4!
5'

1754{

a6

'Pége 14‘



77
76
75

74

73

73
71

70
69

68
e7

59
58

Grit, arkosic, conglomeratic, crossbedded,

fresh fracture gray . . . . s e e e o e 6.5
Shale, micaceous with some thln 1ayers of sand-
Btone ® o o o o . ¢« » o 105- 3.

Grit, arkosic, conglomeratlc ( pebbles of
granite, pegmatite, and schist ), reddish
gray, massive . . . .« o e 19.8!
Sandstone, micaceous, interbadded with fine beds

of shale. This bed has many peculiar markings-

ripple and rill marks. Light greenish gray.

Flora and stems and leaves of Walchia. Known

a8 "Walchia BedB8"™ « o+ o« o o o s « o o o o o o o 68!
Grit, arkosic with seams of conglomerate.

( pebbles of igneous rock and Leadville (7)

limestone ), crosbedded . . . . o o e 13!
Shale, micaceous, maroon and green ) thln bedded
conglomeratic sandstone near center « « « o o« o« o -& -84
Conglomerate, arkosic, becomes finer grained above,
(Pebbles of igneous rocks up to .7'! in diameter.

Few Leadville (7) limestone pebbles). Gray to
pinkinsh gray. Shale member .5% to 1' thick
about3'ab0vebase.. o o 3 . ] . o o e o « o 8"12'
Shale, micaceous, dark gray . . . « o o s s e 3- 7
Conglomerate, arkosic. ( Pebbles of igneous

rocks up to .7' in diameter. Gray to pinkish
€YY « o« o« .« o e e e e e e e e e e e e e e e 10!
Shale, micaceous, MAYOON o o o« o o 6!
Grit, arkosic, light gray to maroon, crossbedded
interbedded with beds of maroon, micaceous

shale L ] () [ ] L] [ ] [ ] L] [ ) L) [ L] L] L) L) [ ) A\ L IR ) L] L] L . 16‘
Shale, micaceous, green and maroon, some gray

limestone interbedded. Few fossils in both . . . 4,5!
Grit, arkosiC, ETAY « o o « o o« o ¢ o o o o o o o 1.5
Shale, micaceous, dark gray e o o s s o s e o o 1.5!
Grit, arkosic, gemy . . . e o e o s o o s S
Shale, micaceous, greenieh gray and maroon « o o 19!

Grit, arkosic and conglomeratic, maroon and gray,
crossbedded Interbedded with maroon, micaceous

shales . . . e o e e o o o o e o 40"
Limestone, eandy and nodular with much reworked

material from lower beds. Fresh fracture dark

gray. ©Some thin seams of micaceous greenish

Bh&l&. A fe' pODI‘ fOBGilB e 6 o o e € o o o o o 1'
Sandstone, medium grained , micaceous, gray to
light reddish gray, massive. Fucoids at base . . 11!

Shale. lower member laminated, dark greenish

gray with a 3' bed of concretionary, nodular

crystalline limestone in center. Upper member

red micaceous shale. In limestone and lower

shale occur Lophophyllum, Composita, Spirifer,
Crinoid columnals. " Cup Corsl Nodular Bed ". . 6!
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57

56

586
54

53

53

51
8C

49
48
47
46

45

44,

Grit, arkosic, some pebbles of quartz and granite,
light gray with some maroon layers, highly cross-
bedded and massive . . . . . . .
Shale, interbedded with several s&ndstone layers
each gbout 1' thick. Both micsceocus. Sandstone
has small feldspar pebbles. Shale brownish red.
Sandstone gray and brownish red « « « « « & . .
Grit, arkosic with pebbles of quartz and microcllne.
Purplish red with white blotches, crossbedded with
color differentiation . . . . ) e s s e o e o s
Shale to argillaceous eandetone, very micaceous
throughout, Shale red at base, gray above, thin
bedded. Sandstone red « o « o« o o o o o o ¢ o o
Conglomerate, arkosic with arkosic grit at base.
Contains pebbles of Quartz, feldepar, and granite.
Purplish red with white bands, massive and
crossbedded . . . . o e s s & o
Shale, micaceous w1th about 1' of micaceous sand-

stone near center. About 10! micaceous red shale near

top. Sandstone buff gray. Shale black, laminated
with irregularly shaped calcareous nodules, weathers
greenish gray « . . e o s o 6 s o s e o o o
Shale and sandstone, arkoelc. Sandstone is cross-
bedded. Shale and sandstone interbedded. Reddish
maroon with some gray layers . . . . . .
Shale, micaceous, friable, arenaceous, with eelenite
cryetals and small fossiliferous nodules. Dark
gray, laminated, weathers greenish gray . « « « « o
Sandstone, micaceous, arkosic, conglomeratic.
Contains pebbles of quartz and feldspar. Top

5! is a dark gray, compact limestone containing
ostracods. ©Sandstone is thin bedded and yellowish
graY ¢« e o o . . ¢ e . . L) L] . L] s o . . [ °
Sandstone, micaceous w1th discoidal nodulee and worm
like casts, weathers into soft gray sandy soil,
thinbedded, contains Bellerophon-like gaetropode

in some discoidal nodules. Called by field name

" Discus Bed n [ ) [} . . . [} ) 3 ° [ [} . [} 3 o .
Shale, micaceous, red and green. Lower 14' red-
Upper 7' green. Laminated . . . . . .

Conglomerate, arkosic. Contains pebblee of quartz
feldspar and granite. Puprlish maroon with white
to gray bands, Massive and crossbedded . « ¢« « o &
Sandstone, arkosic, coarse to fine, inter-

bedded with green micaceous shale. Sandstone is
increasingly arkosic toward the top of the interval.
Sandstone pinkish-gray with purplish maroon streaks
of finer material. Thinbedded « « « ¢« ¢ ¢ « o & .
Shale, micaceous with selenite and pyrite cryetale.
Contains calcareoue nodules. Fresh fracture dark
gray, weathers light gray, laminated . « « ¢« « ¢ o

aa!

33!

. 16.5!

10t

35,8!

14!

54!

6'

8'

5t

31!

35!

13

38!
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43

42
41

39

38

37

36

35

34
33
33

31

29

Limestone, fine grained, somewhat impure, fossil-
iferous, dark gray. Containe Jonesina, ¢rinoid
columnals, brachiopods, pelecypods, Bellerophon.
“"Jonesina Bed"-Roth and Skinner 184 . . . « « ¢« «
Shale, micaceous with selenite crystals, dark
greenish gray. laminated, oTumbly o« « « « o o o o
Grit, micaceous and arkosic, buff gray, massive ..
Shale. micaceous and crumbly, contains some white
powdery gypsum. Beds contorted by folds., Dark
gray to greenish gray, laminated « « o« ¢ ¢ o« & )
Grit, arkosic, very micaceous with a few pebbles
of quartz, feldspar, and granite. Crossbedded,
pinkish gray. Contains fossil wood ( Log found
inoldroad ) « ¢« « ¢« ¢ o o N .
Shale, very micaceous, lamlnated greenish grey,
- several lenses of arkosic sandstone near the
tOp e e & s o e o o o . . * o ¢ o . . . .
Sandstone, arkosie with conglomeratic layers,
light gray with purplish red bands, finer
material red, coarser light gray. Massive and
croesbedded « « o . o . . o
Shale, micaceous, . greenish gray, with numerous
calcareous and fossiliferous nodules. ( Contains
;ossil wood and laerge fauna of Hoth and Skinner
183 L ] [} L] e L) L ] L] * * ° L] [ ] L] . L L] L] L) L[] L] L] L ]
Limestone, arenaceous and micaceous, dark gray on
fresh fracture, weathers to dark brown. Conteins
Myalina, Productus etc. Called "Myallna Bed" . .
Shale micaceous, greenish gray . . . . o
Grit, very micaceous and arkosic, gray weathering
into layers 1 to 6 inches thick « . « ¢« ¢« ¢ « « &
Shale, gray and black, micaceous, selenite
crystals in black beds o & o o e e o o s o
Grit, arkosic, gray with some layers of gray
mj-@a@‘oue Bh&le [ . . [} . L] [ ] [ L] [ [ ] L] L] * . . .

. Section measured from the bottom
of valley to top of ridge 4 mile southwest of
Tunnel 43 :
Shale, very micaceous, grayish green with a few
layers of gray micaceous sandstone. Calcarecus
nodules 1 to 2 inches in greatest diameter present

- in lower pgrt of interval. Plant bed near the

10.5!

4,5

a7t

30.6!
0.8!
30

19°
9'

31!

middle ( 1# of brown sandstone ). Structure of the

plante lacking . . . o« o o ®
Conglomerate, arkosie with pebbles of quartz,
pegmatite, grakite, and chert. Thickness varies.
Thicker in places than here . « « + ¢« ¢« « ¢ o« o

30-60"

17
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38

37

36
a5

2
383
33
30
19
18

17
18
15

14 

13

13
11

10

Partly covered. With little doubt consists of

green and red shale and arkosic grits and

sandstone . . . . . . . 39¢
Conglomerste, arkoeic, red and white alternating

with red micaceous shale and sandstone.

( A part of this interval can be seen in the

railread cut northwest of tunnel 43 ) , « « « & 50t

Section measured along the tracks
west of Tunnel 43
Shale, green and red
Sandstone, maroon and white mottled with many beds
of conglomerates containing pebbles of quartz, granite
and pegmatite. Conglomeraztes are from 3 to 4 feet

in thickness . . . o« o o . 45!
Shale, micaceous, brownieh red with a few thin

layers of gray 2andstone « « « « o« « o o o o o o 50!
Sandstone, very micaceous, gray with purple bands,

even bedded, upper 2' red . . . . . 5.8
Grit, arkoslc, micaceous with very few pebbles o o 6.6!
Shale, like interval 19 . . . « o e 15°¢
Grit, arkosic, micaceous, gray with 1ayere of quartz
pebbleﬁ e o ¢ e o o o e o o o' & o o & o e o 15.5'

Shale, micaceous, brownish red e o s e s v s e v e 10t .
Sandstone, micaceous, arkosic, gray. Lower half :
is a conglomerate with pebbles of quartz having an

average diameter of 1} inches .. « « « « + ¢ « « « « 10.3!
Shale, micaceous, brownish red « . . . . e e 7
Sandstone, arkosic, micaceous, greenish gray “ o 7.7t

‘ Shale, micaceous, brownish red with a few layers of

micacecus greenish gray sandstone . . . .
Grit, arkosic, somewhat micaceous, conglomeretic :
with pebbles up to 3 inches in diameter . . « « « 10.5"
Shale, micaceous, brownish red with a few thin

layers of sandstone. Irterval ranges from 13' on

south side of track to 34.5 feet on the north :
Bide Y ® . . Y Y . ° ° . . [ 12-3405'
Grit, conglomeratic greenieh gray o« o o o o 16,5
Shale, brownish red with some beds of arkosic

sandstone. Exposed at the west end of Tunnel

# 43 . . [ [ ° ] [y L) o L) [ . . . . . [ [ ] (] . L] e . ® 83 '

Section measured from fault 4 mile
northeast of Tunnel # 43 to top of the ridge extending
.through the tunnel.
Grit, arkosic, micaceous, gray. Probably some
red shale and arkosic grit in yht upper part . . . 40!
Bhale, similar to interval 7 « « ¢ ¢« ¢ ¢ ¢ o o« o & 6.8!

Page 18



8 Sandstone, arkosic, conglomeratic with numerous
quartz pebbles 1 to 3 inches in diameter near
the base, gray. (Top bed of the east face of

Tunn el 43 L ° L] L] L[] e L] L] . *® ° [ ] 11 [ 4 '
7 Shale, slightly micaceous, brownlsh red « . . . 17,7
6 Sandstone, similar to interval 4 except mote

conglomeratic « o o . c e o s e o o s s 11.4!
5 Shale, micaceous, brownish red . . . . . 4.6'
4 Sandstone, arkosic, gray, few quartz pebbles

near the base . . . . . © e e s o o o 3.5'
3 sShale, micaceous, brownish red figsile . o . . 13.7'
3 Sandstone, conglomeratic, gray to pinkish gray

with prominent conglomerate of quartz pebbles

at the base, Conglomerate is about @' thick,

Sandstone is finer gralned toward the top of :

the interval . . . . . . . 13,3
1l Shale, slightly mlcaceous, brownish red, thin-

bedded, weathers into angular fragments. HRests

upon the eroded surface of the Leadville lime-

Btone L] L] e L] [ ] L ] L] L ] * ° . L] L ] L] L] . * L[] [ ] [ ] 11'

Leadville Limestone - Mississippian « « ¢« « &

Total Thickness . 3460 feet

From the quantitative point of view the
Sandstones, grits, and conglomerates form the most important
part of the section. These materials are all arkosic.
The grits are often conglomeratic and the congiomerates aré
more typically a zonal distribution of pebbles!and boulders
within coarse grite., The colors which are dominantly gray
‘and maroon seem to have an alternating eequence throughout
the section. In the firet 145 feet of the section ( Intervals
_2 to 22 ) the arkosic material is gray. . This is followed by
95 feet of section ( Intervale 35 to 37 ) in which the arkoses
are maroon. Gray arkoses again dominate the next 107 feet
( Intervale 31 to 49 ) and are followed by 90 feet containing

#rkoses that are maroon ( Intervals 55 to 61 ). This condition
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persists in a general way throughout the section although the
boundaries are made indefinite by those zones which are maroon
and gray streaked. The greatest interval of gray arkoses
seemes to be about 300 feet in thickness ( Intervals 63 to 88 )
and includes the Walchia beds which are one of the most easily
recognized horizons. The greatest thickness of maroon arkoses
is neér the upper part of the section and includes approximately
400 feet immediately below the Leadvilloides limestone.

The pebbles and boulders making up the
cohglomeratee vary both in sizé and composition. Fragmente
a8 large as 18 by 13 inches were noted but its ‘calcareous char-
acter makes it possible that the mass was contemporaneous in
ite origin rather than being transported. One boulder of white
quartz measuring 11 by 9 inches was found and granite boulders
of similar proportions are common. ‘ Perhaps more signifiocant
‘than the size of the boulders is the change in the composition
of the dominant types making up the conglomerates. In the
basal beds ( lower 135 feet ) Quartz and chert are the only
coarse materials found ( Intervals 2 to 10 ). Interval
35 marks the first appearance of crystalline rocks and these
are mostly red granites and pegmatites, ' Three horizons in
the section show outstanding conglomeratic zones ihich seen %o
refledt a change in the type of materials from which the sediments
were derived.  These are Intervals 89, 69, and 134. In the
firet and.lowest of them ( Interval 39 ) an even grained, coarse

textured, mottled red and white granite reaches the maximum of



its abundance and is found sparingly if at all in the other
horizons. In Interval 69 a coarse grained red and green
granite is the most conspicuous constituent among the boulders
which also include many fragments of gné&se and schist. It
is in this member that the largest of the boulders are found.
Most of the varieties of rocks heretofore found seem to make
up Interval 134 with the exception of the granite whiéh is char-
acteristic of Interval 239. A gray to white granite is seen
ocassionally in this interval and becomes a dominant constituent
of the Kock Creek conglomersate. An interesting phase of
some of the conglomerates is the presence of limestone boulders
or irregular lenses within the horizon. Obviously these
must be explained as reworked older limestones or materials of
contemporaneous origin. That the arkoses carry some lime
content is definitely known but it is not a condition that
persists throughout the section. Those below Interval_SB
( lower 900 feet of the section ) contain little or no liﬁe.
Most of those above that interval carry lime in varying amounts.
The limestone boulders appear for the first time in Interval
69 and are confined largely to that horizon along with Intervals
71, 73, and 134.

The shales of the section are nearly all
micaceous and vary in color from maroon to grayish-black. * TheA
sequence of their distribution seems to be, in ascending order,

exclusively maroon shales, grayish black shales, marcon and gray

Page 32






e

shales, grayish-black shales, and exclusively marcon shales,
The lower 35C feet of section contain maroon shales totaling
186 feet. 114 feet of grayish-black shales make ur the next
43C feet of secticn. The interstratified maroon and gray shales
tetsl 111 feet in thickness and nake up the next 45C feet.
In the next 4€C feet the shaleces are grayish-black and have a
total thicknees of 135 feet. The uprer 85C feet are again
made ur of mwaroon shales but in amounts much sméller in propor-
ticn to the reroon arkoece present. Many of the shalees have
a marked develorrent of calcareocus nodules. This is particular-
ly true of the shales in the urper rart of tre section. The
grayish-black shaleé frequently contain gypsun: in the form of
gelerite crystals. Its presence ie quite marked in the in-
tervalé imnediately above the lower conglomerate ( év ) anda
above the Walchia Beds ( 74 ).

| The limestones of the eection.are all com~-
paratively thin although they are known to thicknen elsewhere

ahd in scme instances separate into two or more beds separated

by shale, Some are quite impure and contain an abunvant
ineoluble reeicdue of clastic minerals. Othersyyisld little
insolubtle material. They are docminantly dark gray in color

and weather to a brownish-gray. Some are red and gfay rottled
and a few yorizone like the Leadvilloides are lithographic in
character, lany of the limestones are fossiliferous and make
reasonably good horizon markers, either because of their fauna

or their lithologic character. Among these are the " lyalina
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Bed ", "Joneéina.Bed ®t ®"Nedular Cup Corai Bed " , " LcCoy
Limestcne " , and the " Leadvillod&es Limestone" .

Most of ihe hor;zcns of the McCoy formation
show a marked lateral change in their thicknesses and facies. |
The arkoses are dominantly crose-bedded where there has been
eabuncant anc rapic deposition. Often the cross becding coincides
with the ocior changes from marocn to gray. Throughout the
middle part of the section crose-bedded zcnes are found inter-
mittently. The lcwér cray grite show little tendency to this
tyre cf structure. The greatest development of crossbedaing
is found in the urper part of the section and makee up about
35C feet of secirente immediately below the Leadvilloidee lime-
stone. At some horizons irregular-contacts are fcund between
the conglcnerates and the bede upon which they 11e.» These sug-

- gest a scour and fill condition and are found at tq; bottor of
the loweet prorinent conglomerate ( 39 ) and eimilég horizcns.
Riﬁple marke and current marks are founc in the Wa#@hia Béde and
in those immeaiately above thern. Unconformable coé%acts are

strongly irdicated at certain horizons. Along the Burns road

tc the scuthwest of LcCoy teue of arkcse alp towar& the south-

£e

ol

southeaset and are truncatea by horlzontal arkosés above. A
eimilar break is suggestea at the base of intervel 140 at the roint
where the scction was measurea. Such treaks may be contempor-
anecus yith deposition rather than tectcnic in nature ﬁnd may

mark places where marine currents have eroded the surface of
former depcsite during periods Qf'a decreased supply of sediment

from the land.










PETROCKAPHIC STULDY OF THE PRE-CAMERIAN

Rocks of the Pre-Canbrian (age..: are exrosed
in certain scattered areas which lie to the north and east of
the outcrops of the KecCoy formation. They .coneist dhiefly of
gneisses and schiets into which granites and pegmatites have in-
truded. Mention has already been made of the association of
the boulders of the conglomerates in the LicCoy formaticn with
thie area of crystalline rocks. That the latter has been t?e
distributive province for most of the Pennsylvanian clastice
of the adjoining area, can hardly be questioned. Similarly,
the correlation between the vertical distribution of the boulders
in the section and the geographic locaticn of the probable aoufccxg
areae indicates that as deposition of the arkcses progressed
new rock types were continually being exposed to the active
erosion of streame which were extending their courses 'into the
land rmaes to the north and east. As evidence of this con-
dition may be mentioned the preesence in the lower conglomerates
of pegmatite boulders which are sc characteristic of the Pre-
Cambrian outcrop fcur and one-half miles normheést of Copper
Spur. This crystalline area is the nearest exposure of the
ancient crystallines to the present McCoy outcrop. Likewise
can be cited the red-green\hornblende granite boulders which
appear for the first time five hundred or more feet higher in -
the section. These boulders are-typicai‘of the Pre-Caﬁbrian

area along Sheephorn Creek in the vicinity of Radium several
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miles farther to the north and east. Thus it is believed
that & careful examination of the accessory minerals of the
Pre-Cantrien rocks‘ie an eseential aid in establishing a
more detailed relationship between the areas of deriVatidn an&
deposition of the seaiments. The methcds of procedure have.
already been described.  Cruehed samples of the cryetallihé‘
rocks were treatec in the same manner es were the sediments
in determining their heavy nineral content. Specimens:from
five different arcas were actually exarined and data given by
Donner were used as the eixth. ( See Map. Page 30 ).
Pre-Canmbrian Areas |

From the area at Volcano which lies a few:
miles north of the village of lcCoy, Donner.deecribes three
rock tyres.* Firet he mentiéns a dark gray granite-gneiss or
granodiotite in which plagioclase and quartz make up tweethirée
of the rock and bictite and hornblende the other. Apatite;
zircon, magnetite, and titanite make up the accessory minerals.
Second he describes frowm the same locality a pink granite com-
posed of microcline, quartz, and scattered grains of biotite i
and yielding apatite, magnetite, titanite, and hematite as
accesesory minerals. The third rock tybe he suggests ﬁaynbef
an arlitic phaseof the pink granite and carries apatite, titanite,
zircon,magﬁetite, and hematite in the accessory mineral group;

* H, F. Donner, The Geology of the McCoy Area
Doctor's dissertafiden 1935 ‘

\
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MAP OF THE MCCOY AREA

Storte BridRe

Gypsusm

\

8 Areas frem which samples ¢f the Pre-Cambrian were studied.
1, Velcaho Area 3. Red Gerge Area 5. Gore Canyon Area
2. Cepper Spur Area 4. Sheephorn Creek Area '
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The nearest area tb the McCoy fype section
lies four and one-half miles northeast of Copper Spur gnd appears
to have supplied much of the materials in the lower conglonerates
( Interval 23 ). Samples of & pink pegmatite in thie area |
gives an abundance of magnetite, hematite, muscovité, gillimanite,
and rrismatic hornblende grains with smaller amounts of apatite,
garnet, and biotite. A mica schist from the same iocality
had biotite, hornblende, and tourmaline making up ite heavy
mineral concentrate,

Excellent exposuree of the Pre-Cambrian are
are focund along the Colcrado River just south of Kadium, . They
coneist mostly of red gneiss, red pegmatites, and a black augen-
gneiss containing areas of rink feldsrar. The latter is made
up alrnost entirely of hornblende and biotite. The red gneisses
carry in addition tc these minerals considerable amounts of
apatite and zircon with smaller amounts of hematite and magnetite,
The pegmatites consist of apatite, hornblende,’tourmaline, and
silliranite. |

The area which lies along the north side of
Sheephorn Creek on the roaed leading east from Radium is made up
entirely of the ancient crystallines. Dominant rock. typee here
include & coaree grained dark gray granite, a red-ﬁreen hornblende
granite, a prominent pinkisk gray pegmatite, a red and black »

gneiss, and mica schists. Tourmaline, hornblende, biotite,
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apatite, epidote, hematite, muscovite, garnet, sillimanite,
and a very little zircon can be identified from these rock types.

The Gore Canyon area lies a few miles to the
north of the Sheerhorn Creek 1§cality. Samples were collected
from the State Eridge- Kremnling highway. The rocke consist
entirely of mica schists and coarse grainea gray granites and
have hornblende, biotite, tourmaline, apatite, epidote, énd
zircon making ur the heavy mineral assembtlage.

The locality at Gore Pass is somewhat removed
from the area under study. Samples of a dark gray granite
were collected alon the Kremmling-Toponas highway and wére found
to contain horntlende, epidote, and hematite in the heavy mineral
concentrate.
Distribution of the Heavy ilinergls

Essentially all the minerals found in the above

160alitiee are also found in the sediments. The widespread
occurrence of such minerals ae hornblende and biotite, which of
all the minerale identified cannot be considered accessory min-
erals, accounts for their dominance or the dominance of their
altered products in the clastic materials. They are aleo
excellent criteria as to the conditiones of weathering of the land
maeqﬁnd the environrent of transportation and deposition of mat-
erials. Titanite, which seems té be confined to the granites
alone, is only to.be found in the Velcano area. It occurs

‘qQuite sparingly in the sediments apd likely reveals little as.
N
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to their geresis and deposition. Zircon is recorded in
appreciable amounte from the gneisses, granites, and schists

of the Volcano, Red Gorge, and Gore Canyon localities, This
mineral has a sporadic distribution in the sediments and is

found in greatest abundance in the lower and upper parts. The
only garnets recorded are from the Copper Spur and Sheephorn

Creek pegmatites, kuscovite is abundant in the pegmatites of
the Ccpper Spur lccality ana the red and black gneiéaee of Sheep~
horn Creek. In other localities it is scarce. It is quife
abundantly concentrated in the upper and lower'parte of thér '
section but ie found in less quantities throughout the middle
part. S8illimanite ie found in the pegmatites of the Copper
Spur, Red Gorge, and Sheephorn Creek localities. It is quite.
generally found in the sedirente but decreases in amount from

the lower fornations upward. Apatite is present in consid- -
eralble aﬁounts in all of the Pre-Cambrian rocks except the Gore
Pass locality. It is found in all the rock types and llkewiee
proves to be one of the most abundant and evenly distributed _
minerals in the cediments. Hematite appears in all localities-
except the Gore Canyon and is fcound exclusively in granites and |
pegmatites. In none of these areas however is it over-abundé-nf.
It is féund in great abundance in certain horizons of thé section
‘but seems to be mostly lacking in others. Bictite is wide-spread
in both crystalllnee and eeuimente. Likewise tourmaline, |

Wlth whlch bioctite seems easily to be confusea, ie fazrly common.
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Magnetite is largély confined tc granites, pegmatitees and
gneisses cf the Copper Spur, Volcano, Fed Gorge, and Sheephorn
Creek districts. It ie quite dominant in the sedimente and
ehows a tendency toward flooding at many horizons. Epidote

is found in g 'eatest amcunte in the granites and gneisses of the
Red Gorge, Sheerhorn Creek and Gore Pass areas. It has not
been identified with certainty in any of the sediments. Samples
from the Gore Pass district strongly suggest an origin from the
alteration cf a dark green hornbtlenae. It seens likely thet
its absence in the sediments might have been cue to its origin
as an alteration product of the iron-bearing minerals after the
derosition of the sediments were complete. Ilmenite is found

in the red and black gneisses of Sheerhorn Creek. In the sedi-

ments it is often found partially altered to leucoxene. S

Sumrary of the Minérals by Localities o v
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The above summaiy is by no means intended to
represent a complete and comprehensive investigation of the Pre-
Canbrian crystallines. Such a etudy would entail a much

more detailed sampling and examination.} Again in the treatment




of the crushed materials greaf quantities of heavy minerals as
biotite and hornbtlende were given in the concentrate. Such

mirerales can eaeily be seen in the megaécopic study of most of
the rocks and their great abundance may have tended tc obscure

the presence of the more rare minerals.

PETROGRAPHIC STULY OF THE MCCOY FORMATION

The heavy mineral suites of the McCoy form-
ation as a unit suggest three interesting phases of study.-
First ie the relative abundance of the mcre statle minerals at
different horizons. Second is the vertical distribution of
the mineral species that are present. Third are the data
which may have an interpretative value in seeking to reconstructfthe

environment under which the sedimente were derived and deposited. -

Relative Abundance of the Heavy ifineral Assemblages

| The quantitaetive study of the mineral groups
can have only a relative importance under any conditione since .-
the complete éeparation of the heavier from the lighter gradeq |
is sometimes a matter of considerable aifficulty. Data obtained
from this study show a considerable variation in the actual. o
percentage by weight of the heavy mineral concentrates at diffeieht
horizons. Certain horizone gave a residue so small that it ‘~
could not be computed in terms of tenths of a percent. ~In othére

it reached a maximum of five percent. The average is near one




percent by weight of the total sample used. The small amount
of concentrate does not necessarily signify & limited variety of
the mineral species presené. Nor does an abundant concentrate
insutte variety of mineral species, Coarser sediments as a rule
gave sraller concentrates in proportion to the amount of sampie
used. The variety of mineral species might easiiy be due to
the varied composition of the rocks from which they came or to'
their relatively stability urnder those particular conditions of
weathering. As exzmples, interval- 35 anu 23 is each char-
acterizea by a small concentrate. Fach is a coarse claetid
‘and separated from the other by lees than 10C feet of sediment.
The mineral assemblage of the former is exclusively magnetite,
linmonite, and leucoxene, two of which are alteration ﬁroaucts.
In the latter there is a mineral group wiich ccnsiste of mag-
netite, apatite, leucoxene, tourmaline, garnet, muscovite, silliman-
ite and zircon. In most cases of an extremely gieat residue
rercentage great amounts of bronze-like scales of iron oxide

are present. These are apparently the partially(altered products
of the iron-bearing minerals of the crystalline rocks. | |
Ocassionally the abundant resiques consist almost sxclusively of
magnetite or other of the more stable minerals. Certain of

these horizons occur under conditions wnlch are suggeatlve of

erosional breaks during the procese of sedlmentatlon.
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Mineral Species
The individual mineral species of the HcCoy
formation vary little from those mentioned in the summary of
the Pre&Cambrian but because of their relation to the problems
of sediméntation are here discussed in greater detail.
Tourmaline occurs in the sediments in
two aistinct varieties. The greenish browg variety has been
identifiea in the crystallipe rocks and is usuaily found in
irregular fractured grains which give fairly distinct interference
figures, A mauve colored type is found at certain horizons
thrcoughout the section but never in great amounts, It is in
prismatic grains and distinctly pleochroic. This particularv
type of tourmaline was not observed in the samples of the cruehéd
crystallines to the northeast but a detailed investigation of
many samplee might have discloggd its presence. The only
.casecs of extrewe rounding of the tourmaline grains are in the'grgy
grits at the base c¢f the eectlcn | The rounded basal plates,
elthough few in numrber, are here asscciated with equally weil
rcunded zircon grainscunder conditions which suggest a derivation
frbm pre-existirg sedirents.
| Zircon nhas a much morec restricted oceur-
rence than &oes touimaline. With the exception of the case
just nenticned, zircon grains show admirably iwell their crystal
form or brcéken crystal fragments. They reach their greateet
abundance in the lower gray grlts and approach a cqnditlon of
flooding imnealately preceding the deposition of the first maroenﬁy
‘sediments. After the first prominen conglomerates ( 89 )




which apreare to have had its scurce in the crystallines of
the Corper Spur regionfxis very scarce until it is zgain found
in one of the conglomerates just below the Walchia Reds. Above
this horizon it is lacking enfirely until in the intervals U8
to 131 where it ie found ccassicnally but nct in grest abundance.
Apatite occurs as colorless to bluish-

white rcunded graine. It is very rare in the basal part of
the seétioﬁ tut with zircon beccmes quite abuncant in the
bede imredistely preceding tre firet maroon arkoses. Above
that the mineral is quite persistent and evenly distributed
although at certain horizons it shows deciced effects of weather-
ing by solution.

v Muscovite presents a variety of character-
istics thfoughout the section. Of the many distinct types
that are present, only two were identifiec in the samples of
the Pre-Cambrian rocks. These include that type which is spot-
ted with amber inclusicns of hematite and a clear, greenish, "ragged"
variety. The first of these types is characteristic of the
pegmatites of the Copper Spur locality ana the second was iden- ‘
tifiéd in the red and black gneisses of Sheephorn Creek. Both
of these types along with the clear, colorless variety are con-
fined largely to the middle portion of the section. In the
upper intervals there is a dominance of types not found in either
the light or heavy concentrate of the Pre-Cambrian rocks examined.

[N
Most important of these types are those grains filled with
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fibrous, hair-like inclusions which at times are so nwuerous
as to give the grain a cross-hatched appearance. The restricted
occurrence of thie type in the section may give it some correl-
ative value, A second type found in the upper horizons is a
fivrous variety showing distinct ana more or less parallel black
lines. Without careful examination they are easily mistaken
for sillimanite. They are thought to be the edges of smail
aggregates of graine such as might be expectea in schists.
A thira tyre contains small zircon-like inclusions and are
also more comm:cn in the upper part of the section. |

Magnetite occurs quite commonly throughout the
g=ction beginning with the upper part of the lower gray grits.
The grains sometimes show ccnsiderable though not excessive
wear and selaom to the extent of the conplete remcval of all
traces of their crystal structure. In conglomerate 69 below
tiie Walchia Beus the heavy minerél assemblage consists almost
exclusively of magnetite.,  The change in interval 71 to a con-
centrate of varied mineral speciee, eaci: of which- is abundant,
makes an erosional break at tiiis horizon seewm likely.

Garnet, wihile fcund sparingly in the gediments,
is believed to have a rather iuwportant correlative value. It'
first appears in conglcnerate 29 at the base of the secbnd group
of gray arkoses, The color is a deep reddish-brown to pink
and is characteristic of the garnet observed in the pegmétitee

cf the Copper Spur locality. The piesence of garnets along with
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the aominance of pink pegmatite bculders in this conglomerate
affords good reason for regarding that area as an important
gource localiity during that phase of deposition. Garnet is
not found throughout the entire miadle porticn of the section.
It appears again in even greater abundance in the section weset
of licCoy (intervals 124 and 126 ) and also in the so-called
‘gray Rock Creek conglomerate which overlaps the older formations
in the viecinity of Redium. As has Dbeen previously suggested
t:is conglomerate has likely been called the Rock Creek because
of ite stratigraphic position above the arkoses and below the
redveds in its outcrop at Radium. It has however, a mineral
assemblage wnich is essentially identical with that of conglomérate‘
136 weet of licCoy and it is the writer's opinion that one is the
equivalent of the other. Fut aisregardaing tie likelihood

of such a correlation for tae present, the uistribution of the
garnet bearing horizons in tue ilcCoy formation indicateé a near-

by scurce fér those lower in the section and the shifting of that
source several miles to the north and east as deposition progressed.
Obviously this condition might be obtained through the continued
extension of the strecams in$o the land mass but without a change\

in the position of the shoreline. A field study of the a{koses

of the Radium area however, more logically suggests the gradual
overlap of those ééae to the horth and east, perhaps reaching

its maximum during the time of deposition of the Radium "Rock Creek "
conglomerate which the writer suggests is contemporaneous

with interval 136 west of MoCoy.
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Hornblende ie found at scattered horizons in the sectien

and makee a rather rersistent apperance in the upper

part although never in great abundance. It eccurs

as irregular fracturec fragmerts of deep tlue-green

color ana as prisratic grains of brownish-freen color

kand rronc¢unced rleochroism. The factore determining

ite presence seem to be largely the parficular conditions

of weatherihg existing at the time of the origin of the
secirents. Sillimanite is present in srall interlacea
neeales as the variety fibroiite. Straight extinctién is
found in all the graine but good interference figures are
difficult tc obtairn. It is rather evenly distributed
throughcut the secticn, ie especially abundant near

the vase of the secticn, and quite consietent in its
eccurrence atove interval 126€. Biotite is likewise quite
conmen in the esediments conesicering its scmewrhat unstable
character, Partial slterati:n to chlcrite ana other

" minerals is conmon. Ite relative abundance in a con-
centrate is scretimes difficult t¢ determine due to its

easy cornfusion woth tourzaline when that mineral is

rresent. Heratite resembles closely the types that

are found in the granites and pegmatites of the Pre-Cambrian}
area. It ie found only at a few horizons but in rather m

abundant amounts when present.

\

Page 43



Limonite and leucoxene are the only minerals record-
ed in the sediments which are not also found in the PresCambrian
rocks, Their presence creates no problem since they are

both doubtless products of the weathering processes upon primary
vminerale. - Leucoxene in many céses shows its orgin from the
alteration of ilnenite in the seaiments. Limonite on the
other hand is a secondary product from the iron-bearing minerals
of the parent rock. The latter is widely distributed through-
out the section and reaches the stage of flooding at several
horizons. It occurs in two main types. In the lower gray
grits and in the upper-most maroon arkoses it is found abundantly
as irregular grains and powdery aggregates, Its appearance in
each case is such that might be expected of any sediment whoee _
origin is not closely associatea with a distributive province

of crystalline rocks or where complete decomposition of

original iron bearing ninerals and considerable reworking of
materials has.taken. place. If such an interpretation is cor-
rect, conpleteness of tuhe weathering process ie evident, then,
in the very lowest horizons and in those immediately below the
Leadvilloides limestone. This characteristic as seen in the
lower beds persists through the deposition of the first maroon
arkoses, Above these arkoses however (interval 37 ) it
occurs in the greater part of the remainder of the section'as:
bronze like sqélee or flakes, Thie form has evidently re-

sulted from the partial alteration of the minerals biotite and



hornblends. Certain horizons show a faint grean -brown
color on the thin edges of the plates which have a bronze luster
in reflected light. Others show the presence of prismatic
bronze-like fragments usually associated with similar grains
of highly pleochroic hornblende. Between intervals 114
and 140 the sediments lack the mineral in either of these forms.
On the previously suggested basis of overlap of the seas to the
east, its absence might easily be explained in this part of
the section.
Interpretative Lata

An analysis of the individual mineral
srecies present in the mineral suites described above shows a
persistency of those minerals which are both stable and of
wide spread occurrence in the Pre-C;mbrian crystallines to the
north and east. Such minerals include tourraline, zircon,
sillinrenite, magnetite, and muscovite. The latter three
are found in greater abundance. It seems entirely probable
that a source other than the Pre-Cambrian areca studied may have
"at times contributed téhthe gedirent suprly.especially in the
laterrphases of deposition. The sediments in the upper paft
of the eection ( above interval 106 ) containé muscovite which
not only becomes a dominant species in the minéral assemblage,
but occurs as tyres which are characteristic of neither the
lower arkosee no; the ancient crystallines. ' Between inter-

vals 39 and 106 it has a more sporadic distribution and is
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found in less quantities, It is however more closely related
in its characters to that found in the crystalline rocks to the
east. Again, the bluieh-biack grains of tourmaline which are
scattered in sparse amounte throughout the section becomee more
abundant in the upper part and has not been identified in any

of the Pre-Carxbrian rocks examined. Finally, the pebbles of
the urper conglomerates themselves are less typical of those
types focund in the crystalline area to the east. Other stable
minerals‘which occur in ruch smaller quantities and less frequent’
intervals are garnet and titanite. Obviously their irregular
distribution has been occasioned by their restricted presence
'in the rock types undergoing erosion, The same may bé said

cf lYeucoxene which ie found at certain horizons. Its alter-‘
ation from ilmenite fcund in at least one gneiss along Sheephorn
Creek seems certain.

The presence or absence of the less
stable minerals gives even more conclusive data upon the problem
sediment supply and environment of origin. These minerals in-
clude apatite, biotite, and hornblende. The degree of their
alteration varies at different horizons in the section. A1l
are essentially absent from the lower gray grite of the section
but are preeent throughout the greater part of the remainder
either as fresh or partly aiteredAgrains. Apatite sémetimeq s#oia
partial alteraﬁion in a surface etched by solutien. Hcrnblende'

shows a tendency to the development of bronze-like fragmenté of
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limonite. Biotite shows the same characteristic as well as
the change to chlorite. Thus the general characters of the min-
eral grouns present suggest, first a crystalline source for mosti
of the sedimente, seccnd climatic conditions favoring incomplete
decomposition, and third the nearness of their place of origin
‘to the site of their deposition. |

The colors of the iicCoy arkoses are thought
to be controlled more by land conditicns in the environment of
their origin than by marine conditions at the place of their
deposition. Three factors . aze invélved in the interpretaticn
'of their color. First is the degree to which it is controlled ;,
by the parent rock; second is the climatic conditione under wh?éh
the sediments were formed; and third, the conditions at the time
and place of deposition. The conditions under vhich the sed-
iments originated apprear not radically different from the con-
ditions at the time and place of deposition and can be treated
essentially ae one environment.

The nature of the parent rock has doubtless
hed some bearing uron the color of some of gie erkoses, |
Certain pinkish-gray cclors are due to the presence and abundance |
of pink ana gray feldspar. Green and black tinges are éccentuated
by a greater abundance of hornblende, tourmaline, biotite, or
magnetite. The light gray grite at the very baée\of the section.»
owe their color to the dominance of worn quartz grains and the

absence of the more highly colored constituents. "But to regard
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each major color change as being dué entirely to a difference

in the rock undergoing erosion ié inconceivable. The alter-
nating sequence of arkoses dominantly gray with those dominantly
maroon has alreaay been emphasized. llaroon colors are aue to
iron‘oxide which agrrears in two aistinct forrs. In the

lowest of the maroon arkoses ( intervals 25 to 28 ) iron oxide
-aprreare aburdantly as irregular grains and powdery aggregates
which suggest comrlete decompositicn of the iron bearing minerals.
It is the tyre:.that might be fcund in any residual sdil under'r
éertain conditions of weathering. The plate-like iron oxide with
its bronze luster dorminates the purple-marocn horizons of mcst

of the section. It suggests a much lese complete decompqsition
of the iron bearing minerals, mainly bictite and perhars hornbiende;
Where crossbedaing has developed through differentiation of color
the maroon layers are made up almcst entirely of this type.

The gray streaks consist of coareer and less micaceous material.
Conditions which aie'analogous to those which may have brought
about cross bedaing by color differentiation have been observed
along rreeent sandbars in the Coloraco KRiver. Water movement
tends to keep the scale-like minerals in suspension foi great
lengthe of time while coarser grades are deposited. A siight
variaticn in conditions often permite these micateous tc sétﬁle
upon irregﬁlar slopes and undulatione present in a manner not
uhlike thdt'indicated by celo}‘differentiation in the croés

bedding.  Thue, lamination of this type may have been due to

page4ﬁﬁﬂ;f



both a difference in the composition of materials as well as

a coarseness and shape of their graine, either condition of

which is induced by the proper conditions of weathering.

The gray arkoses have a deficiency in their iron oxide content.and
are conmcnly asscciated with gray and black carbonaceous shales
which contain selenite crystals and carbonized plaﬁt remains.

That these two rhases represent contrasting conditions of climate
scems evident and ﬁheir alternating sequence points to frequent
changeg from dry to moist conditions. The gray arkoses are
invariably more limited in thickness dng;implyygnrggulam and moxe
uniférm supply of sediment. The maroon arkoses on the other |
hand are cften of considerable thicknees and reflect a condition

. of a sudaen influx of sediments such as might result from torren-
tial rains of a semi-aria region.

The dominance of one or more mineral species
to the near exclusion of others is quite commcn at certain horQ
izons of the section., Such flooding of mineral species impl#ee
but does not prove the presence of an ercsional break or a break
in the continuity of derosition. The most common tendency to
flooding is in the presence of the bronze-like iron oxide found
in certain of the beds. It appears at such frequent intervalq
as toc apparently havé no significance when applied in ite relation-
ship to erosicnal breaks.  Rather it seems to import conditions
in changes of rainfall and influx of eediment‘upon the land. |
Horizone of this natuie aré commonly followed by btede whose minefal
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suitefNcbmposed of iron oxide scales intermingled with partially
altered but recogrnizable flakes of mica and prismatic graine of
hornbleéende. It seens credible that.such conditions might
originate in wincr climatic changés where increased rainfall
would firset bring the decorposed reeicdual socile intc the streams
and expcse tc ercsion those less decomrosed parts of the sub-soil.
Magnetite constitutes an almost exclusive mineral aseembtlage

in interval €9 and to a less degree in interval 46, In the -
former its occurence may not be without meaning. Here is the
horizon of some of the most conspicuous conglomerates of the
eection. Following the dominance of magnetite in interval

65 is the varieda compositien ef the next interval ( interval 71 )
which carries considerablé amounts of magnetite, irodbxide,
muecovite, tournaiine, biotite, apetite, anc zircen.

This hérizcen likewise marks the first presence of limestcone
boulders in the conglomerstes and their origin has eveked consia;
erable interegt. In other-conglonerates cf the sectien
linrestcne boulders cccur largely in lense-like raesee and are
knewn tc¢ contain pebtlee of feldepar within then. Their origin
is theught to be contemporaneoues with dépoeition and it is
possible that such an origin helds true in mcet of the eases.

In the ebove conglomerates however, there seews reasen to

believe that they have in part been the result of the rewerk-

ing of materials. Pebbles within the fragments have net been
ebserved. Many ef the fragments afe fossiliferous; others

are dense; still othere are crystalline or shew the tendency

- te develep ﬁn oolitic;phase. : 'Such‘variety in ferﬁ~t§n§;,fe*
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oppoese rather than favor the view of contenporanecus origin.

ERVIRONHEKT OF ORIGINI AND LEPOSITION
The major phases of the rroceseses at

work durinrg the l'cCoy timee can be conveniently presented
by units which are defined by the dominant conglomerates ef
the section. Te regard them ae petrograrhic units however,
ie tc place too great an emphasis upon the importance of their
respective mineral asserlblages, There is nc striking differ-
ences in their minersl groups and it is only as they are con-
sidered in their relation te all the rossible factors of ecrigin
and depcsitien, that they have a specific significance.
Unit I includes both the basal gray grite and the loﬁer marecn/
arkoses ef the secticn. Unit IT embraces those beds which
lie above congiOmerate 29 of the tyre secticn and belew the
conglcemerates underlying the Walchia Eeds. Unit III ex-
tends from that herizon upward to the conglcmerates 134 and
126 in the type section west of McCoy. Unit IV is ccmpesed

- 0of all these seaiments lying abeve those sane conglemerates.

Y

Unit'I
With the spread ¢f the Pennsylvanian
seas over the ercded surface ef the Lea@yille limestene in
this area,.the immediate eource,ef‘materials eeexs te have been

mainly frem the residual seiiefwhich had fermed upon the
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surface. Any evidenteof a Pre-Cambrian source for the sed-
inente is non-arparent. Either the whole of the lecal
Pre-Cambrian was covered with the Sawatch ef the Cambrien,

er fhe actual exposed area was so far removed that it had neo
part in maintaining the sediment suprly. Rather, both the
Lesuville and the Sawatch appear to have been the contributory
rrovincee in the early stages of deposition. Each character-
istic noted seens to point to a derivation frow pre-existing
sedimente. The lenses of pebbles fcund in the lewer grits
consist entirely of worn quartz and chert. The former is
tyrical ef rresent lecal outcrops of the Sawatch and the latter
of lecal phases of the Leadville liﬁeetone. Only the most
stable minerals are present in the lowest beds. These in-
clude limonite as a secondary procuct, muscovite, sillimanite,
magnetite, zircon, and tourmaline. The lighter constituents
are made up almest exclusively.ef quartz with little or no |
feldepar.  Materisls of this kind might be said to have erig-.
inated under conditicne e¢f climate which were favorable te
efficient deconpositicn rather than disintegratien but the
phyeical characters of the minerél grains de noet reint te

this condition as being the contrelling factor. Mechanical
wear ¢f the fragments imply a second cycle of depesition.
Zircen and tourmaline grains, though net abundant, are extremely
weorn. The same is true for the quartz grains and marks a.

condition net found in any ether part ef the section. . These
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conditions must have prevailed throughout the firet 15C feet
of the seétion. Just where the initial effect of a crys-
talline scurce is seen, is difficult tc say. Ne crystalline
pebbles are ncted until the first maroon grits ( Interval 235 ).
A greenish-gray grit ( Interval 12 ) affcrce the first megascep-
ic evidence of a new source of materiais and a petrographic
study ¢f the same horizon suggests that to be true. The
change is accompanieRXthe abundant develorment ef beth zircon
and apatite ( Intervals 232 ara 23 ). The latter nakes ite
first aryearance at thie horizon and beth approach the stege
of fleoding. It seems pcssible that unusual sorting by waﬁe
and current actien during a time of decreased sediment suppiy
may have been reeponsibtle for this concentratien. At any
rate they have diasappeared during the intervael of deposition
of ene of the thickest shale beds of the entire section and are
. entirely lacking in the first of the marocn arkoses.

The marecn arkoses which make up interﬁale
35 tc 88 are the first sediments to record crystalline reocks
anrong the pebbles within them. They are, however, net typ-
ical of ether maroon arkcses in the section. They etill have
a limited content of unaltered feldspar as cempared ﬁo later
tyres. Powdery aggregates of limonite and grains of magnetite
make up their heavy mineral group and they seem to sheow a

comrleteness of decay that is not present in many of the later
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maroon arkoses, That they have been produced on land under
conditions of semi-aridity and a low water table pérmitting
deer oxidation, is entirely conceivable. Their place as a
part ef the land rass must have been ae a deep residual so¢il
consisting princirally of iron-ceated quartz grains or rerhaps
as piedment depcsits of tempcrary streams existing under such
conditions. Climatic change rather than tectonic causes
must have been resronsible for their rarid transportation and
dercsitien. A change from a semi-arid to a more humid climate
- & conditicn entirely consistent with the succeeding receord
of gray arkoses and shales containing plant remains - weuld
increase the competency of the streams. Erosion of weathered
materiéls would proceea rapidly to exposed the less altered
crystallines beneath.
Unit II

In the beginning of the next sedi-
mentary unit the lower formation marke not only the first of
the great conglomeratee but alsc the change to gray érkoses,
grayish-black shales, plant fossils, and impure fossiliferous
lirestones. A congleorerate such as interval 22 can be ex-
rlained by tectonic causes which have increased the capacity
of streams to transport their load er by climatic changes from
dry to rairy whereby the velume and hence the vélecity of the

~8treems have been increased. The latter condition has already
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been suggested but that both may have taken place.is not
unlikely. Certainly the efficiency of the agent which trans-
ported materials the size of those found within the conglor.-
erate cannct be dieregarded. The effectivenesé of those cur-
rents in sccuring the derosits previousely made is manifest

in its lower contact. The conditions fcllowing ite derposition
appear to be those of a relatively stable shore line whose
rosition perhars lay not far to the east of the present cutcreps.
The proxirity of the scurce of the material for these earlier
bede are revealed in the mineral suites which are se tyrical

of the Corper Spur lecality ae well as the bcoculders ccntained
within the ccnglomerates. It seeme rrobable that much of tae
following section until at least after the depoéitien of the
ngchia Eeds reesulted fror the streame ercding more deeply

into a land nass and giving over their load to a static sea.
Both merine and continental agents workea tcgether in forming.

e aerosit somewhat.deltaic in nature. At times land conditione
dominated and the supply of sedimente eiceeded_the ability of
the waves and currents te érede..c. At ethernt;mes.a decreased
’euppiy ¢f sediments rermitted the waves and currents to remcve.
a part of the materials elready derosited and marine conditiens
prevailed. It was perhaps then that the marine waters invaded
the realm of continental deposition and permitted to formatien
of many of the impﬁre~limestones found at thie horizon..

Mineral epeciés:evér this pericd of time varied in beth their
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persistency and their associations but never to the extent of
suggesting radical changes in either the location or the tyrpes
cf rocks in their source areas.
Unit III

The conglonerates of intervals 69 to
7% do not bring this sequence of events tc a close but rather
suggests a culmination of the proeesses which have been at
work.  They mark the second impcrtant horizon of conglomerates .
and contain the largest size and greatest variety of boulders
found anyvhere else in the section. A flood of magnetite “
grains followed by an abundant and varied mineral suite in the
éverlying beds implies to some extent a break in the proqéee of
depositioen. This may have been accompanied by a slight
retreat of the sea due to uplift or by a prograding ef sediments
under a static condition ef the sea. In the latter case the
derosits weuld hventuélly have been removed had those static
conaitions been maintained for any great length of time. If
hewever, they had been interrupted by a rise of sea level and
e migration ef the shore line to the east, coarse deposits
would have accumulated over those previously made, Certainly’
sediments of this general horizon denote conditions of sedimgnt-
ation near if not actually above the level of the sea.' The
wave and current marks in the Walchia Beds. imply very shallow w;tér

and at times perhaps an area exposed at lew tide. Limestone
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boulders in the conglomerates give a remote indication of the
- partial reworking of sediments. The oldest arkoses of the
Eadium area show a mineral suite much like that of interval

108 of the tyre section. The arkoses juet below the "Rock Creek"
conglomerate of the sawe area give a mineral aesemblage which
is strikingly similar to that of interval 114. Assuming that
such similarity;of mineral suites is significant, the record

¢f the section from the Walchia beds up to interval 114 would
be cne of a progressive spread of the sea to the east. A
number of features support this view, It is in that portibn
of the section that the most pronouncea limestone beds have
been developed under conditions farther reméved from land.

The relatively unstable mineral, spatite, shows a ccneiderable
amocunt of weatiiering beginning with the Walchia beds and extend-
ing to interval 1C4. In a few of the intervening horizons

it is absent entirely. The horizons which have yielded the
smallest amounts of residue are founa in tihis porticn of the
section.

It is believea that the time of maximum

overlap was being recorded in the contemporanecus deposition

of intervals 124-186 west of lcCoy and the so-called Rock Creek
conglomerate of tﬁe Radium area. It has been'previously
suggested that on the>baeis of their reepective-mineral suites

one should be condidered the equivalent of the other. If

N
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these beds rerresent the same unit of depositicn the present

7

N

terms by wnhich they are designated become misleading. In
the kadium area the red beds lie immediately upon what has
been called the Lock Creek conglomerate. In the type section
west of licCoy several hundred feet of beds lie between the
reabeds and the horizon which seems to be contemporaneous with
the Badium "Kock Creek" conglomerate. These beds include
what has been considered to be fhe upper McCey.fbrmatien and
the typical kock Creek conglomerate. On the basis of such a
correlation either the term hock Creek sheuld be #iscarded as
it applies tc the conglomerate beneath the red beds at Radium
or it elhocula be maae to include 211 the beds which are yeunger
than the 134-126 interval of the type section and older than
the red beds. Thie cenaitione whicﬁ Prevailed fellowing the
. marine overlap to¢ the east cannot be tc confidently etated
without a more comprehensive study of the areas involved.

The sedinments younger than interval 1326 and elder than inferval
139 ehow a much finer grade of shales,sands, and grits in their
- expesure west ef McCoy. The mineral aesemblage'is net radi-
cally different frem these of the elder beds. Limonite is
'éntirely absent from the section and hornblende becomes & per-
sistent But nct an abundant censtituent. The change in the
eize of the.mineral graine is what might be expected.with the
Were.wide: spread seas. Distinct types eof muscevife grains

and a more cemmon eccurrence of buish-black teurmaline may dencte
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‘a 8ligi.t change in the scurce of the sediment supply.
It seems probable that in the exitrseme upper part of the secticn
and perhaps continuing on through the deposition of the typ-

dcal Rock Creek conglomerate rapid derosition by streams was

in rrogress. The scurce might conceivably have been from
the north. A change in materials -1ls reflected in the type
of pettles found in the RockCreek conglomerate, Sediment-

ation seems tc have been concentrated and local and the en-
vironrental ccnditions more definitely deltaic in nature than
at an& cther rlace in the sectiocn., with a continuance ¢f
such an envircnment conditicns must have chanzed frem the
depceition of sedinente whicl. were partly marine to those
which were moetly if not wheolly continental. The writer ie
inclinea to regard the conglomerates (kock Creek) abeve the
Leadvilloides limestone as largely the work of the depesitiep
of streams under subaerial conditions. The presence ¢f the
lithographic lirestone separating them from the sediments
'below presents a probiem to which he effers ne solutioen, ekgept
the tentative suggestion that its derosition might have result-
ed from fresh waters carrying calcium carbonate in celleidal

form as they intermingled'with the saline waters of the sea.
POSSIBILITIES OF CORRELATION

The correlation of widely separated areas

of the Pennsylvanian with the McCey fermatien is net within
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the scope of this study. Frem incomplete studies of sections
elsewhere however, the writer is inclined to beliesve that the
same méthode ef study might be applied advantageously:in the
correlation of the lcCoy with the Pennsylvanian section of the
Minturn and the Detsero areas. The very conditions of sed-
imentation which are indicated in McCey deposition shew the
impracticability ef any attempt te correlate its detailed
horizons with their equivalenté elsewhere. ‘However, the
projection in time sequence of certain broad phases of itse
deposition thte sections to the south and west seems possible,
Among those likely .traceable horizons might be mentiongd the
first appearance of an igneous source, the depoéitienal break
which has been peetuiated for the approximate horizen ef the
walchia beds, the time of maximum overlap to the east, and the
deposition ef the cenglemerates abeve the Leadvilleides lime-
stone. The fact that ether areas may have had a different
source area has not been disregarded. In the Minturn ;Iea

" this might easily have been the case and if so% its paleogeograph-
ic preblems sheuld be carefully studied before an attempt te
reconstruct the details ef the Pennsylvanian sedimentation as
a unit, The Detsero-Sweetwater area situated to the south-
west may have an interfingering relatienship with the Mccoy
sediments which a mere detailed study might establish. It

ie te be understeed that the follakihg~relationehibs are suggested
“but cannet e definitely established witheut a'meré careful
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investigatien ef the aréae invelved.

' The fellewing partial sectien is typical ef
the rapid changes in lithelegy ef the McCey fermatien. The
lecality from which it was measured lies along the Burns read
about four and one-half miles southwest of licCey. It is
thought to represent the best available outcreps ef MeCoy

sediments under cenditiene farther removed frem the shore.

PARTIAL SECTION OF THE MCCOY

Aleng the nerth side of the Burns read, four miles
scuthwest of its juncture with State Highway 131

30 A. Cenglemerate centaining large beulders ef ,
gneiss, granite, and pegmatite........c.ccc0v.. . 20!
29 A. Grits, mareon and gray, inilayers 1 - 3 feet
in thickmess interbedded with mareoen shale....... 18!
28 A. Grit, arkosic, marcon streaked with gray .ecece... 45'
27 A, Shale, mestly cevered, maroon to dark gray and
' black, containg EYPBUM «.v.veeevvrncsooscsssnaeasaes 18V
36 A. Sandstene and grit, arkosic, greeniah gray weather- ’
ing to a greenish buff., = Certain layers shew a
greater resistance toc weathering .......... P £

35 a. Shale, deminantly dark gray to black and cen-
’ taining selenite orystals. Inserbedded in the
lewer part with thin lenses of dark gray lime-.
stone and in the upper part with buff gray beds
of arkesic sanddtone.......cceeiiieciniarrnssees, 138"
34 A, Grit, arkosic, mareen streaked with gray.
Seme pebbles as large as an inch in diameter.
Cressbedded. In the middle is a 3' bed of
maroeon shale. Upper half net se cressbedded and
and gensistes ef thin zenes of small pebbles and
_ rather large disc-like beulders ef grit.......... 26!
33 A. Shale, micacecus, mareon with streaks ef greenish-
gray near the tep s..cvevveereerrrociccnnsocsnces 4'
33 A. Limestene, light gray, dense with sugary texturc,

o weathers buff, preminent vertical jeinting, . iy
Lewer ene feot is nedular and fessilifereus and
separated frem the upper by a thin seam of .

. maroon Bhile QQ'OQ’.‘.l""".o....n..’o;.00.'00. '5."

3l A, Sandstene, arkesic, mareon and gray in thin layers L
alternating with thin lenses of mareen shale .... 3.5 !

: h
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30
19

18
17

16

15

14
13

12

11

> e 0

A.

A.

A.

A,
A.

As

A,

A.
4,

Grit, arkosic, mareon and gray mottled, con#ains
lenses of red and gray mottled limestone ....cceee. 345!

Shale, micaceous, mareon, streaked with greenish

gray . In center is a bed of marocon arkesic

sandstone 3' thick. Twoe layers ef gray arkosic

grit near the top.c...ccvv.. ... P -
Grit, arkosic, regularly bedded, gray weathering !
to buff Contains abundant pink feldspar .e.ceeeces 58!
Shale, lower 3 feet centains many calcareous nodules,

is fessilifercus, and dark gray in coler. Upper

half purplish gray and containg thin layers of

arkosic sandstone ..........c 0000 ceciesessseess B0
Grit, arkesic, gray, with 1! of limestone on the

top. Limestone weathers buff-gray. Light gray

on fresh surface, contains fossgils «..voveen. ceeree 4,067

- Shale, micaceous, purplish gray with think mareen

and gray streaked sandstone near ite base ......... 7.5'
Grit, arkosic, gray with pink £eldspar e...e.cvseee 845"
Shale lower half mareon. Layer of gray micaceous
sandstone near the center. Upper half purplish

streaked with very thin micaceous grayish green L
shale and 8andstone....vvv et iienenens SR 1 o 1A
Limestone. Upper half in layers 6 inches thigk.
Weathers reddish gray. Centains lenses and nodules

of chert. Lower half nodular with purplish celer

of weainered surface. Fessilifercus, : 11!
Grit, arkosic, gray, consisting eof a few layera
Of interbedded n.aroon Shale ----- R R EEEREEEEE R 16'

Shale, maroon with a thin layer of arkosic sand-

stone near the tase. Greenish gray shale at the :
tOp...-'.................‘ R EEEE R I B A B NN A Y 6'5'
Grit, arkosie, crossbedded, gray streaked with -
mareon....... P £
Shale, maroon and BTAY ceverecresccrosansansscesne O
Grit, arkosic, gray streaked with maroon ......... 6!
Shale, MATOON +esesvrecesossorsesosscsavsssasessacacs D'
Grit, arkesic, crossbedded, gray etreaked with

MAYOON o vevesessoscsssnsscsnssssessssosescsssanssas O0!
Shale, dark gray with selenite crystals in the

lower part. Upper part maroon and greenish gray with
thin beds of 8andstonE.ice.veeererecereeeeanssaeses 107
Shale, lewer 5' is arenaceous and mareon streaked

with gray. Upper 6' is dark gray, gypéifereus,

and contains a few thin beds ef dark gray lime- ,
stone and limestone cencretions......ceceeveeesseo 117
Grit, arkosic, gray and mareen .........c0000:c00s 13'

:Limestone, nedular, dark greenish gray, fessil-

L]
iferQus o'oo00009000000.ovo’v"."vonooo-oto"l'!' 1



Limestone 12 A of the preceding section
resembles interval 111 ef the type section in beth lithology
and faunal content. On the basis ef that correlatioen the
overlying beds should represent the interval in the type section
which comprises the upper part ef the section as measured south
of McCoy ana the lower part of the section as measured west
ef icCoy. The diesimilarity in the characters ef the_two
sections is apparent and since correlation ef the area west
witn the area south of iicCoy was based upon the pressence ef
fusilinide it is entirely possible that a portien of this
section is lacklng from the type section. | ;

Heavy mineral suites of a few samples eelecte&
frem this sectien strengly indicate an equivalency in time
between these beds and those west of McCoy. Interval ZOA ’
yields a minersl suite which is quite characteristic Qf both
114 and 124 of the type sectien. In the. greater abundance of’gy
ite magnetite it suggests inteival 114 and in the presence of A
its red and geay mottled limestone lenses as well ga its minarai 
concentrate it is like interval 124. Interval 24A is met
unlike 1nterval 136 in ite mineral assemblage but 8esms more
nearly the equivalent of interval 131. Since in the gection
measured thie herizon really cgnaiate of two arkoses; it is
likely that both ef the lattgi intgrvals‘are;repreéeﬁted;
Thue_from'the petrograrhic apﬁrdach tﬁeré seems‘eaméfsupfort

te the belief that Limestone 12A may be correlated with Limestene



111 ef the type sectien and that the succeeding fermaticns

owe their difference to the off-shore environment eof theif
derositior. The doloritic limestone 23A eccupiee a pesitien
in the eecticn cénresFQnding to the approximate horizen ef

124 eénd 126 and deposited at about the time of the maximum over-
lap fc the éast. The thick shalee of interval 35A seen to

be the finer equivalent ef those beds extending upward to about
interval 137 ef the type sectien. On the basis of that
correlation little of the section has actually 5een missedg -
certainly not more than from 13A to 19A - and a part of that
ie doubtless expcsed to view in the lewer part of the sectien
west of McCoy.

i Little data has aé yet been secured

'upon the relationship of the McCoy fermation te sediments of
the same age to the eoﬁthweet. The sectien near Detsere
qpneiets ef a considerable thicknees ef alternating delemitie-
limestones and black shales resting upon the Leadville limestone.
These are foellowed by alternating shales and gray grite below
succeeding beds of gypsum, Extremely fine grained’eandateﬁes
and shales nake up the interval lying abové the thicﬁ beds of
’gypeum aniibelow the red beds. These beds have colors of
pastel shades and are nicely expoeed aleng Highway 34 near
Gypsum Inaéupiete date secured frem this area indicates -
‘similarity of m1nera1 content between the gray arkesea ef the

Dotaera area with the 1ower gray grzta ef the McCoy so.tion at

\ 2
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the aﬁproximgte herizen of interval 14. The mineral suites

of the sandstonee above the gyvpsum tentatively dmplies a unit

of deposition centemporaneous with the approximate horizen ef

37 in the type section. If a more complete study eupports fhis
relatienship, then the basal Pennsylvanian of the Dotsere

arca would have been deposited before the deposition of the first
erkoses ef the type lecality.  The gray grite would mark

the basal equivalents of the McCoy in itg type section and

shew a conditien of everlapr ef the seé te the north and east
after the depcsition ef alternating limestones and shales,

The gypsum would have been deposited at the same time as the
firet maroon arkeses of the type sectien.  The pastel beds
above the gypsum would constitute the greater part ef the lcCey
type section, That this relationship exiets, is problematical
in view of the limited dats the writer has at hand; but the |
p?eblems evident in thoee'tﬁe areas seem worthy ef careful snd

detailed etudy.

SUMMARY
The McCoy formatien in ite type leéaiity
has been derived mainly froem the Pre-Cambrlan land mass to the
nerth east and has been dppee;ted as aear-ehere sedinenta under
eenditiens of & comblged marine and centinental envirenment.‘(_.
Climatlc condltlons that prevalled ever the perlod of its | |
accumulation were such that favered 1ncomp1ete decomposition

of the detrital ﬁatstdaihformed through the weatherinz proceaaes.
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O&er a greater part of that period,semi#arid climates seem

tc have dominated aithough evidence points tc an alternation

of such conditions with those more humid, It is cenceivable,
that before the seas began their recoid in this area, they

were already occupying the regien to the scuth and west ana
werg‘building up a succession of alternating_thin limestenes ana
shales upon the ereded surface ef thé‘ﬁlad#&lle limestone., |
Little sediment ether than that supplied by the we#thered sur-
face of the Mississippian formations is evident in thiskpart

of the sectien., With the gradual overlap ef the seas to the
nerth and east, net only were new areas of derivation brought -
into active contribution, but the actual recerd of McCoy sediment-
atien began. The basal beds in the type locality indicate

a source,sedimentary rather than\crjetalline, - a reworking of
Sawatch sedimente and,in part, the Leadville limestone. Later,
rerhaps threugh uplift, quickened erosien breught great qﬁanti-'
ties of the first maroon sediments te their depositienal site.
Completeness of weathering ie indicated in théir mineral cen-
stituents and a semi-sridity of climate is thought te have pre-
vailed in the near-by area of their erigin. Perhaps, even,.
this aridity of climate was accompanied by q§pbsitien of gypeum
beds farther seaward to the south and west. The first mareen
arkesee are fellewed by-a recerd whoaegenesis undeubtedly lies
in the crystalline areas te the north aﬁd éast. .. Their advent

was marked by the depositien ef the lowest ef the prominent
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conglomerates upon the scoured surface ol finer sediments. In
the basal beds the sediment seurcé seemed confined to areas |
very near the site of depesitien but azﬁsedimentary record con-
tinﬁed under conditions of an essentially statienary sea, provinces
of origin shifted farther to the nerth and east. Shertly before
the deprosition of the Walchia beds, these conditiens were in-
terrupted either by a retreﬁt ef the sea permitting subaerial
erosion locally or by a slackening eof deposition permitting the 7
partial removal of those sediments already deposited. This phase
of depositien was essentially contemporanecus with thevorigin,bf
the second prominent conglomerates which lie immediatély below

the Walchia Beds. Then beganvthe advance of the sea te the

- east. Its maximum overlap is recorded with the depesition eof
the Radium "Reck Creek" conglomerate and the intervals 134 ;nd

136 west of MaCoy. Beginning with interval 124 the writer
favers either including all of the succeeding beds aé the Reck
Creek conglomerate or discarding the name as it applies to the
Radium area. During the time of maximum everlap the McCey"
formation is a record of finer sands and shales and mere numerdnﬁé_
limestone horizons in the aiea to the southwest. This was doﬁﬁ‘_h
to be fellewed by conditions which weee gradually changing frem
thoee of marine te those of contineﬂ¥31 environment. The change
may have been instigated by a partial withdrawal-of the sea or

by & concentration of deposition as a deltaic deposit in the

~ regien west of McCoy., Certéinly a portion of the beds lying
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above infervale 124 and 136 show an envirenment dominantly
marine. Below the Leadvilloides limestone lies thé greatest
accumulation ef maroon conglemerates feund anywhere in the en-
tire sectien. A?,cﬁange te mé;e nearly continental cenditions
might easily have 5egun with them. Above the LeadvilloidesA
limestone are the thick conglomerates heretofore known as the
Rock Creek conglomerate. Depceition by streams are thoﬁght
to have teen quite active at the time éf their depositien.}&ub-
eerial conditions of weathering ané deposition are theught te
have prevailed, The entire lecal area was experienoins a qhﬁnge
to emergent condifions and the sedimentary envirenment ef the
McCoy passed into these:cendttione which were to dominate the

record of the succeeding red beds,
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