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ABSTRACT

The Canon City-Twin Mountain area lies along the western edge of the
Canon City Embayment.- Precambrian crystallines of the Wet Mountains and
the Front Range bound the area on the west and northeast respectively.
Sedimentary rocks of every geologic age except Cambrian, Silurian, Missis-
sippian, and Triassic crop out in the area.

Two periods of strong deformation are recognized in the area, the
Pennsylvanian Ancestral Rocky Mountain orogeny and the Cretaceous-Tertiary
Laramide orogeny., Uplift and minor faulting are the principal features of the
Ancestral Rocky Mountain orogeny; folding and high~angle thrust faulting are
the common features developed during the Laramide orogeny. Tertiary and
Quaternary terraces record epeirogenic ilpli.ft which occurred after the end
of the Laramide revolution.

Economic mineral products of the area include oil, coal, refractory

sand, ornamental stone, flux lime, fire clay, and sand and gravel.



INTRODUCTION

Interest in the Canon City Embayment dates back to the early 1800's

. when Lieutenant Pike, Captain Fremont, and other explorers were making
expeditions into the Western Interior. Several of these expeditions worked their
way up the Arkansas River to the present site of Canon City where they had to
detour around the Grand Canyon of the Arkansas.

Oil seeps along Oil Creek attracted early notice, and in 1863, in Sec. 3,

T. 18 S., R. 70 W. the first oil well west of the Mississippi River was completed
for a barrel a day. Development of the first oil field in Colorado, the Florence
oil field, was commenced in 1876. In 1926 the Canon City oil field was discovered
and development commenced.

Initial development of the Canon City coal fields was started in the 1860's
and maximum production was attained in 1917. Fire clay, sand and grave},
ornamental stone, refractory sand, building stone, and flux lime have played or
are playing an important minor role in the regional and local development.

Although geologic interest in the Canon City Embayment has fluxuated with
the economics of the region, little detailed mapping has been conducted in the area

selected for study. -

Location
The Canon City-Twin Mountain area lies along the western side of the
Canon City Embayment, Fremont County, Colorado (Fig. 1). The area is

included in Tps. 17, 18, and 19 S., Rs. 70 and 71 W. It is bounded on the west
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by crystalline rocks of the Precambrian, on the south by the tear fault terminating
the Wet Mountain thrust, and on the north and east by arbitrary section lines as

a natural geologic boundary is not present. Approximately 94 séluare miles are
included in the area mapped. U. S. Highway 50 extends from east to west across

the area, roughly dividing it in half.

Purpose and Methods

The purpose of this study was to map and describe the geology of the Canon
City-Twin Mountain area. Two months of field study were completed during the
summer of 1958. | U. S. Forest Service aerial photographs were used in the field
mapping and U. S. Forest Service drainage maps were used as the base to

establish horizontal control.

Previous Work

The general geology of the Canon City region was first described in the
American Journal of Science (Hayden, 1868, pp. 322-~326) and reports of the first
surveys of the Western Interior (Hayden, 1869, pp. 147-149, 1873, p. 430;
Endlich, 1874, pp. 215-220; Williams, 1876, pp. 249-251). Walcott (1892) made
his classic study of the Harding and Fremont Formations one mile west of Canon
City. Cross (1894) mapped a small part of the northwes:tern end of Shaws Park
in his study of the Pikes Peak area. Darton (1906) mapped and studied the
aquifers of the Arkansas Valley 6f eastern Colorado. Washburne (1910) mapped

the Canon City coal fields. Blum (1944b) conducted a magnetic survey of the area



south and west of Canon City. Heinric (1948)« described the pegmatites of Eight-
mile Park. Boos and Boos (1957) studied the tectonics of the Front Range. Most
of the published geologic maps of the Canon City Embaymeﬁt and surrounding
region are correct only in broad general aspects and lack detail..

After completion of the field study, four unpublished theses were found to
have been completed in parts of the area covered by this thesis (Acharya, 1949;
Miller, 1951; Ruley, 1952; Browder, 1958); however, less than half the area
covered in this study has begn previously mapped in detail. The four maps were
checked in the field in April 1959 and found to be in error in part, particularly

in detail.
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plane tabling a portion of Twin Mountain,. Sincere appreciation is extended to
the ranchers and residents of the Canon City~-Twin Mountain area who gave free and
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PHYSIOGRAPHY

Physiography of the Canon City Embayment

The Canon City Embayment,a re-entrant of the Denver Basin (Fig. 1),
is bounded on the north and northeast by the Front Range, on the west and south

by the Wet Mountains, and on the southeast and east by the Colorado piedmont.



Elevation of the Precambrian cores of the bounding mountain ranges ranges from 2, 000
to 4, 000 feet above the embayment floor. Crystalline rocks of the Front Range
and Wet Mountains are bordered by flatirons, hogbacks and ridges of resistant

Paleozoic and Mesozoic sedimentary rocks.

Physiography of the Canon City-Twin Mountain Area

A hogback-strike valley topography dominates the western, northern and
northeastern marginal regions of the area, bordering the Precambrian crystallines.
Shales are soft and easily eroded to form valleys. Limestones and some sand-
stones are resistant and form hogbacks and flatirons.

North of the Arkansas River along the western side of the area the Manitou
Dolomite and Fremont Limestone form prominent flatirons against the Precambrian
mountain cores. Conglomerates of the Fountainl Formation form flatirons and
ridges in R.ed Canons Park (Fig. 2), Shaws Park, and Priest Canyon; however, the
upper shaly part of the Fountai_n is easily eroded and a valley former (Fig. 3). The
Dakota Sandstone forms a conspicuous hogback which rises. over 500 feet above
the embayment floor (Fig. 4). On the western side of the area the Dakota strikes
north and dips east, to the north it swings across the axis of the northern extension
of the embayment and on the eastern side of the area it strikes north and dips
west (Fig. 5). The dip of the strata becomes considerably less in the northern
extension of the embayment and the Dakota caps the dip slope of a long south

dipping cuesta. Oil Creek cuts the cuesta in half.



Fig. 2. Flatirons developed in Fountain conglomerates;

1

view looking north across Red Canons Park. NW 1/4,
SE 1/4, Sec. 7, T. 178., R. 70 Ww.).
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Fig. 3. Panoramic View showing: a. Sangre de Cristo Mountains; b. Wet Mountains; ¢c. Fremont
Peak; d. quarry in Eightmile pegmatite; e. Priest Canyon, watergap in Fremont Limestone;

f. valley in Fountain Formation; g. U. S. Highway 50. Camera facing south from SW 1/4, NE 1/4,
Sec. 12, T. 188., R. 71 W.
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Fig. 4. Panoramic View showing: a. Devils Gap; b. Twin Mountain; ¢c. Wet Mountains;
d. Front Range; e. strike valley eroded in Fountain Formation; f. Dakota hoghack;

g. Codell-Fort Hays hogback; h. valley eroded in Pierre Shale. Camera facing northwest
on left, north in center, and northeast on right from NE 1/4, SW 1/4, Sec. 29, T. 18 8.,

R. T0W. .



Fig. 5. Panoramic View showing: a. Front Range; b. Dakota hogback; c. Oil Creek water gap
in Dakota cuesta; d. Codell-Timpas hogback; e. Pierre Valley; f. face slope of Dakota hogback;
g. strike valley eroded in Fountain Formation; h. Fremont Limestone. Camera facing east from

SW. 1%, NE. 1/4, Sec. 12, T. 18S., R. 71 W.
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A small, though prominent, hogback is formed jointly by the Codell Sand-
stone member of the Carlile formation and the Fort Hays Limestone member of
the Niobrara Formation. The Greenhorn Limestone in some places forms a low
ridge or hogback. South of the Arkansas River, a noticeable hogback is held up
by the Vermejo Formation.

Most faults are topographic lows, forming saddles or small valleys and in
some places valleys of considerable magnitude. A few streams in the Precambrian
display a marked lineation and are probably fault (;ontrolled.

'All streams drain into the Arkansas River, which along with its tributaries
Grape Creek and Oil Creek, are the perennial streams in the area. Wilson Creek
is perennial to the Dakota hogback in Sec. 5, T. 18 S., R. 70 W. where its flow
is absorbed by the sandstones of the Purgatoire and Dakota Formations. All
other streams are ephemeral, carrying large volumes of water and sediment
after heavy rains. Torrential rains have resulted in Precambrian boulders over
two feet in diameter being transported more than four miles.

Where the Arkansas flows out of the crystalline rocks of the Royal Gorge
it loses considerable velocity and cannot carry the sedimentary load previously
maintained. As a result conditions are excellent for deposition. Six terraces,
not including the present flood plain, are recognized along the Arkansas. The

)
older terraces are of coarse unstratified materials, whereas, the younger terraces
are composed mostly of sand, granules, and pebbles, and show some degree of

sorting.
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Powers (1935) recognized seven terraces (Table 1) in the upper Arkansas
River Valley and Royal Gbrge area. He dated the terraces by morainal and

Cenozoic stratigraphic relationships.

Table 1. Correlation of terrace deposits. Height abové present river level

in feet.
Powers Mann . This
Terrace 1935 1957 report Age
1 390 380-400 390-400- Pre-glacial
2 300 310-360 300-350 Pre-glacial
3 230-260 Pre-glacial
1
4 200 180-200 150-160 Earliest known glacial
5 120-150 120-130 90-100 Unrelated to known glacial moraines
6 80-100 50-75 40-75 First pre-Wisconsin
7 60 20-25 15~20 Wisconsin glacial
8 20 8-10 8-10 Post glacial, present floodplain

In the Royal Gorge plateau area (Fig. 1) Powers (1935, pp. 190-191) re~
cognized two ancient erosion surfaces. The upper, at an elevation of 6, 800 feet

(1,100 feet above the present river), is recognized on Fremont Peak, Secs. 25 and
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26, T. 18 S., R. 71 W., and the lower, at an elevation of 6,100 feet (400 feet above
the river), is developed in Webster and Eightmile Parks. Both of the's.e surfaces
are post Laramide in age (Van Tyle and Lovering, 1935, p. 13; Powers, 1935,
p. 199).
PRECAMBRIAN ROCKS

Precambrian rocks of the Wet Mountains and the Front Range bound the area
of study on the west and northeast corner (Sec. 1, T. 18 S., R. 70 W.) respectively.
A detailed investigation of the Precambrian is beyond‘ the scope of this study and
no division was attempted. Heinrich (1948, pp. 424-432) described three groups
of Precambrian rocks in the Eightmile far’k area: Idaho Springs Formation, Pikes
Peak Granite, and injection gneiss. In addition, all have been intruded by sills
angl dikes of aplite, fine-grained granite, and diabase. The Idaho Springs

Formation and Pikes Peak Granite are recognized further north in the Front Range.
STRATIGRAPHY

Introduction

Strata of every geologic system except the Cambrian, Silurian, Mississippian,
and Triassic are present in the Canon City-Twin Mountain area (Plate 1). Out-

crops are generally good and sections were measured and described (Appendix).

Y

Ordovician System

All three series of the Ordovician are present in the area of study. They
are, m ascending order: the Manitoulimestdne, 2arly Canadian; Harding Sandstone,

late Champlainian; and Fremont Limestone, late Cincinnatian. Maher (1953b,
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p. 2478) correlated the Ordovician of Colorado with the Ordovician of Oklahoma

and Kansas.

Manitou-Limestone

The Manitou formation (Cross, 1894, p. 2) is light pink to maroon, fine
to coarsely crystalline, dense, argillaceous’, resistant dolomite. Irregular
varicolored chert bands, 1/2 to 4 inches thick are abundant m the thin-bedded
lower 25 feet of the formation (Fig. 6). The upper massive unit contains scattered
chert nodules. The Manitou is normally a resistant unit, with pit and cusp
.weathering developed locally.

A nonconformity separates the Manitou from underlying Precambrian rocks
and a 2 to 6 inch pre-Manitou weathered zone is found at the contact. An occasional
Precambrian boulder of spheroidal weathering origin is left on the relatively
smooth surface on which the Manitou was deposited. Although a paraconformity
appears to separate the Manitou from superjacent Harding, a slight angular
‘unconformity actually exists. To the west of Red Canons Park (Sec. 6, T. 17S.,
R. 70 W.) 52 feet of Mé;n;tou were measured. To the south, successively lower
units of the Manitou are truncated by the Harding, and the southern most outcrop
of Manitou is found in Priest Canyon (Sec. 13, T. 18 S., R. 71 W.; Fig. 7). A
mile to the south Harding overlies the Precambrian; however, fragments of

Manitou can be picked up in'talus slopes between these two localities.
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Fig. 6. Manitou- Precambrian contact. Note chert bands
and compaction over Precambrian boulder. Photo taken
along shelf road SW 1/4, SW 1/4, Sec. 27, T. 16 S.,
R.'T0W., quking west.
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Fig. 7. Truncation of Manitou Limestone by Harding
Sandstone: pC, Precambrian; Om, Manitou Limestone;
Oh, Harding Sandstone. Photo taken in Priest Canyon,
NE 1/4, SE 1/4, Sec. 13, T. 18 S., R. 71 W., looking
north.

16
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Harding Sandstone
The Harding formation was named and described by Walcott (1892, pp. 154-
AN

167) from exposures in the Harding quarries west of Canon City in Sec. 31, T. 19
S., R. 70 W. Harding may be divided into four units: (1) a resistant, white to
light gray, unfossiliferous, silica cemented, basal conglomerate 3 to 4 feet thick;
(2) an overlying 30 feet of thin-bedded, fine-grained, white to pink, soft sandstone
and interbedd;ad maroon, slightly fossiliferous shale; (3) 20 to 25 feet of maroon
shale with abundant fossils; and (4) an uppermost 45 feet thick unit of thin- to
thick-bedded, white to lavender, sandstone and interbedded maroon, fossiliferous
shale. Except for the basal conglomerate, the 'Hardmg is poorly consolidated
and easily eroded.

_ Fish plates are abundant in the shales. Lingula sp., Maclurites?, and worm
trails are found in small numbers. The fauna and lithology indicate a shallow
water near shore environment of deposition. Walcott (1892, p. 156) suggested a
littoral environment for the Harding.

Sweet (1954, p. 295) measured 157.4 feet of Harding in Priest Canyon, the
maximum observed thickness. The writer measured 129.8 feet west of Red Canons
Park and 102.2 feet in Sec. 24, T. 18 S., R. 71 W. Walcott (1892, p. 156)
measured 86 feet at the type section; however, Sweet (1954, pP. 288) measured
120.5 feet when redescribing ’Ehe type section. The above measurements indicate
that the Harding is thickest in Priest Canyon and thins to the north and south.

Three outliers of basal Harding were mapped by McCullough (1959) in Sec.

10, T. 19S., R. 71 W. The writer checked these with McCullough in the field

and has included them on the geologic map (Plate 2).
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Acharya (1949), Miller (1951), and ﬁulejr (1952) erroniously mapped the
basal Harding unit as Sawatch Quartzite, (Upper Cambrian) in the Graipe Creek
area, Scs. 10,11, and 12, T. 19 S., R 71 W. Inthis area the Harding formation
lies nonconformably on Precambrian rocks, and the basal conglomerate may
easily be mistaken for the Sawatch Quartzite. However, the basal unit can be
traced across the Arkansas River to Priest Canyon where it is found to overlie the
Manitou.

In general a paraconformity separates the Harding from overlying Fremont.
In the Grape Creek area Fountain overlies Harding and a disconformity is apparent.
A weathered zone is present at the top of the Harding where it is overlain by the

Fremont.

Fremont Limestone
Walcott (1892, pp. 154-167) also named the Ia;remont f ormation and it is
assumed, though not sp;ecified, that the type section is in the vicinity of the type
section for the Hardmg Sweet (1954, pp. 294-295) on faunal z;nd lithological
differences, divided the Fremont into a lower massive member and a thin-bedded
upper.member. The lower massive member is light gray to pink dolqmitic
li.m_estone containing scattered dark gray chert nodules, numerous crinoid stems,

and a dominant coral fauna. Abundant Receptaculites occur in the lower 30 feet.

The upper Priest Canyon member has a dominant brachiopod fauna. Both members
have been fractured and recemented and pit and cusp weathering is well developed

on exposures.
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Fossil preservation is poor and identification difficult. The following species
were collectéd and identified:
Priest Canyon member:
Hebertella sinuata (Hall)

Zygospira modesta (Say)
Plaesiomys subquadrata (Hall) ?

Streptelasma sp

Lower Massive member:

Receptaculites sp

‘Halysites sp
Streptelasma corniculum (Hall)

Walcott (1894, p. 158) attributed the deposition of the Fremont to deepening
of the Harding seas, as he did not recognize an unconformity separating the two
formations. The relative ages of the faunas of the Fremont and Harding suggests
a considerable period of . nondeposition between the two formations and the presence
of a weathered zone indicates some subaerial erosion. The fauna of the Fremont
indicates a shelf environment. The fragmental texture of the limeg'tone appears to
have been caused by fracturing insitu and recementation, but it could have been
caused by tectonic forces after lithification followed by cementation.

Walcott (pp. 156-157) measured 300 feet of Fremont at the type section,
Sweet (p. 295) measured 283.5 feet along the old Royal Go;ge -road in Priest Canyon,
and the writer measured 351.1 feet a mile south of Priest Canyon (Sec. 19, T. 18
S., R. 70 W.) and 126.3 feet west of Red Canons Park. South of the Arkansas the
Fremont ranges from zero to 30 feet due to post Fremont erosion. In Sec. 12,

T. 19S., R. 71 W. erosional remnants of basal Fremont 10 feet in diameter are
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insitu as inclusions in the Fountain Formatiox;.

Where Williams Canyon overlies the Fremont a 2 to 4 inch wéathered zone is
present in most places and a péraconformity is evident. A disconformity separates
the Fountain Formation from Fremont strata acrc;ss an irregular surface. The
disconformity is well exposed in Secs. 13 and 24, T. 17S., R. 71 W. and Secs.

11 and 12, T. 19S., R. 71 W.

Devonian ? System

Williams Canyon Formation

The Williams Canyon Formation (Brainerd, Baldwin, & Kayte, 1933, pp. 381-
396) is white to light gray, thin-bedded, unfossiliferous limestone in the lower
part and arenaceous limestone interbedded with thin sandstone stringers in the
upper part. A basal conglomeratic zone contains cobbles of Fremont. Pit and
cusp weathering is found locally.

Age of the Williams Canyon is questionable as fossils have not been found;
correlation is based on stratigraphic position and lithologic similarity. Brainerd,
Baldwin, and Keyte (pp. 390-391) suggested that the Williams Canyon correlates
with the Parting Quartzite member of the Devonian Chaffee Formation, on the
west side of the Front Range. Maher (1953b, pp. 2481-2483) called the Williams
Canyon Mississippian and suggested that it is lithologically similar to recognized
Mississippian, Spergen and Warsaw Formations, of southeastern Colorado.

West of Red Canon Park 15 feet of Williams Canyon is present but it is faulted

out or removed by erosion for 3 miles south of this locality. In the southwest
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corner of Sec. 19, T. 18 S., R. 70 W. 51,1 feet were measured; Sweet (p. 295)
measured 25 feet in Priest Canyon.

The Williams Canyon is disconformably overlain by the Fountain Formation,
Most of the thickness difference of the Williams Canyon may be attributed to

pre-Fountain erosion,

Pennsylvanian System

Fountain Formation

The Fountain Formation (Cross, 1894, p. 2) parallels the Front Range from
the Wyoming-Colorado line south to the Canon City Embayment. It consists of red
to locally mottled white or green, arkosic conglomerates, sandstones, and shales.
The lower 600 to 800 feet of the formation is mainly conglomerate and sandstone
with an occasional shale; whereas, the upper part is characterized by fine.
conglomerate, sandstone, and shale. Graded bedding is common in many units
of the Fountain and abundant fragments of older Paleozoic sediments are found
throughout the section. Locally Fremont pebbles, cobbles, and boulders over
one foot in diameter may compose more than 95 percent of the conglomerate.
Calcareous cement is commonly present and in part may have been derived from
solution of quitou, Fremont, and Williams Canyon.

A npearby source is inc‘licated for the material composing most of the strata
of the Foﬁntai.n in the Canon City-Twin Mountain area. Assuming increasing
erosion or increase in erosion with concurrent uplift, erosion would cut into
successively lower strata, thereby producing fragments of increasingly older

age for deposition in higher and younger strata. Conglomerates of the Fountain
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Formation west of Canon City indicate that thls has occurred.

In Sec. 19, T. 18 S., R. 70 W. the basal conglomerate of the Fountain
contains pebbles, up to 2 3/4 inches, of Fremont and Williams Canyon along with
quartzite and other metamorphic and igneous pebbles. The igneous and
metamorphic pebbles probably came from some distance to the west, whereas
the Fremont and Williams .Canyon pebbles were locally derived and transported

- short distances, probably less than a mile. Younger conglomerates contain
pebbles of Manitou and Harding as wéll as Fremont (no Williams Canyon was found)
and indicate a close source of sediments.

Southeast of Red Canons Park the basal part of the Fountain contains
chert fragments with recognizable Mississippian fossils, indicati_ng that
Mississippian strata once covered part of the area mapped, or nearby areas.

Thickness of the Fountain is irregular. Almost 1200 feet were measured
in Red Cé,nqns Park. A thickness of 1674 feet was measured a mile southeast
of Priest Canyon; and 50 feet was estimated in the Grape Creek area. The
thickness difference is probably due to local irregularities on the depositionél
surface and in part to post-Fountain erosion.

Finlay (1916, pp. 12-13) was the first to consider the Fountain
Formation to be of Pennsylvanian age. He recognized Pennsylvanian plant
fragmengs in Fountain coal lenses in the Colorado Springs area. Maher (1953a,
pp. 918-921) correlated the Fountain with Kansas Pennsylvanian and Lower
Permian. Moore (1958, p. 240) considers the Fountain to be Middle and

lower Upper Pennsylvanian.
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Tieje (1923, pp. 196-197) concluded that the Fountain is largely an
alluvial fan or braided river deposit. LeRoy (1946, p. 21) postulates a
continental, fluvial environment of deposition. A continental environment is
indicated by channeling, trough cross-bedding, extreme vertical and latteral
variations, coal lenseé, and a lack of marine fossils.

A disconformity separates the Fountain Formation from superjacent
strata. The Fountain is overlain by Jurassic Morrison strata in the Grape
Creek area, and by Permian Lykins strata north of the Arkansas River, along
the western side of the area. In the northeastern corner of T. 18 S., R. 70 W.

the Jurassic Ralston Gypsum overlies the Fountain.

Permian System

Lykins Formation

The Lykins Formation (Fenneman, 1905, pp. 24-26) is white to medium
gray, thinly laminated, dense, arenaceous, unfossiliferous, "crinkled" lime-
stone. Thickness ranges from a featheredge to 3 feet. The limestone is
resistant to weathering and forms a slope break or low scarp where it is present.
The Lykins is absent in Sec. 1, T. 18 S., R. 70 W. and south of the Arkansas
River. ‘

In the Golden-Morrison area LeRoy (1946, pp. 30-42) divided the 400
feet plus Lykins into several members. He considers the "crinkled' limestones

to be Permian and the overlying sandstones and shales Triassic. No Triassic

Lykins crops out in the Canon City-Twin Mountain area.



Six miles east of the Canon City—’l\w;in Mountain area a few evaporites
are interbedded with the "crinkled" limestones. This suggests a lagoonal
environment of depc;sition. The arenaceous and argillaceous inclusions in the
limestone along Skyline Drive record influx of clastics during deposition. The
clastics may have been derived from a relatively close source and the size
(less than 0.5 millimeter) may indicate that the Ancestral Rocky Mountains
had been eroded down and were a negligable source of sediment.

The Lykins is disconformable with superjacent Morrison strata. Part
of the difference in thickness is probably due to pre-Ralston Creek and or pre-
Morrison erosion as the Lykins is thought to have been deposited throughout the

area of study.

Jurassic System

Ralston Creek

LeRoy (1946, pl;. 47-57) named sandstones and shales exposed along
Ralston Creek north of Golden, Colorado the Ralston Formation, recognizing
at the same time a gypsum facies to the south of the Colorado Springs area.
Van Horn (1956, pp. 755-756) suggested renaming the formation Ralston Creek
as Ralston Formation was preoccupied.

Ralston Creek crops out only in Secs. 2, 11, and 12, T. 18 S., R. 70 W.
A white to light pink, soft, massive, gypsum approximately 30 feet thick at
the southeastern end of the outcrop is absent at the northwestern end. The pinch

out is probably due in part to post-Ralston Creek erosion but may in part be

due to nondeposition.
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West of Canon City along U. S. Highway 50 (NW 1/4, NW 1/4, Sec. 32,
T. 18 S., R. 70 W.) Fredrickson, De Lay, and Saylor (1956, pp. 2140-2142)
considered 102 feet of sandstones and conglomerates, immediately overlying
the "crinkled" limestone, as a clastic facies of the Ralston Creek. Heaton
(1950, p. 1674) considéred these same strz;ta as lower Morrison. They grade
upward from conglomerates and coarse-grained sandstones to fine-grained
sandstones and shales of recognized Morrison sediments which they lithologically
.resemble. | These rocks are not found elsewhere in the Canon City Embayment.
’fhe absence of clastic'sediments within the gypsum outcrops in Secs. 2, 11,
and 12, T. 18 S., R. 70 W. has influenced the writer to agree with Heaton in
assigning a Morrison age to the strata in question.

. Heaton (1950, p. 1689) correlated the Ralston Creek with the Toldilto

Formation of New Mexico.

The Ralston Creek is discohformably overlain by the Morrison Formation.

Channeling -of the Morrison into the Ralston Creek is locally well developed.

Morrison Formation
The Morrison Formation was named from exposures two miles north-
west of Morrison, Colorado (Emmons, Cross, and Eldridge, 1896, pp. 60-
62; Waldschmidt and LeRoy, 1944, pp. 1097-1114).
In the Canon City-Twin i\/[ountain area the Morrison consists of several
lithologic units which are gradational between one another. They are, in
order of oldest to youngest: (1), 50 to 100 feet of tan to red to light green, arkosic

conglomerates, sandstones, and shales; (2), 80 to 100 feet of white to tan,
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resistant, slightly arkosic sandstones interbedded with light gray to green

shales and a few thin-bedded, fossiliferous, fresh water limestones containing

abundant ostracods and Aclistochara; (3), 50 to 60 feet of light green to chocolate
“brown, blocky shale; (4), 60 to 75 feet of light gray to tan, fine~-grained .sand-
stones interbedded with light green to chocolate brown shales; (5), 60 to 80
feet of tan to maroon sandstones interbedded with light green to brown, silty
shales; and (6), 10 to 15 feet of white to light green, friable sandstone.
The Morrison is recognized over vast areas of the Central and Western
Interior, however, lateral changes are extreme in the Morrison and few beds
-can be traced more than 200 yards along the outcrop. Lenses and channel fills
are common.
Abundant dinosaur remains have been found in the Morrison in Garden
Park, directly east of Shaws Park outside the area of study. Professors Cope
and Marsh disc;)vered and described several genera and species from this area
in the late 1800's (Hatcher, 1901, pp. 332-341).
Emmons (1896, p. 23) thought the Morrison to be a lacustrine deposit.
Heaton (1933, p. 161) suggested an area of fresh water lakes and swamps with
a moist climate as the environment of deposition. Sedimentary structures and
the fauna indicate continental lacustrine depositional conditions.
The Morrison is discq\nformably overllain by the Lytle Member of the"

Purgatoire Formation which was deposited on a very irregular surface.
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Cretaceous System

The Cretaceous sedimentary rocks are mostly clastics with a few thin
limestones. Strata are distinct and laterally persistant over large areas. Many
of the formations may be traced by subsurface methods and correlated with the
Cretaceous of Westérn Kansas. Except for the Purgatoire Formation only Upper

Cretaceous strata are present in the area of study.

4

Purgatoire Formation
The Purgatoire Formation (Stose, 1912, p. 3) has two members, the
Lytle Sandstone and the Giencairn Shale, both named by Finlay (1916, p. 8).

The lower Lytle Sandstone member is a white cross-bedded copglomerafe.

It is distinct and easily recognized in the field. Pebbles of chert and quartz are
sb:c),ttered throughout the Ipember but are particularly abundant along bedding
planes, and make cross~bedding a prominent feature. Thickness ranges from 2
to 31 feet in the area of study with lateral variation extreme. Along Skyline
Drive the Lytle raﬂges from 8 to 20 feet vertically with a horizontal distance of
50 feet,

The Glencairn Shale consists of white to tan, fine- to coarse-grained,

thin~ to massive-bedded sandstone with carbonaceous inclusions and scattered
plant fossils interbedded with light to dark gray, carbonaceous, arenaceous,
fissile shale and an occasioﬁ‘al thin.coal stringer. Locally the shale grades into
high grade fire clay. Biped dinosaur tracks are found in the upper part of the

Glencairn in the NE 1/4, SE 1/4, Sec. 12, T. 19S., R. 71 W,
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Thickness of the Purgatoire ranges from 98. 8 feet south of Red Canons
Park to 124.2 feet along Skyline Drive. The massive sandstones of the Glencairn
are resistant and along with the Dakota Sandstone form a prominent hogback.

The Purgatoire is of middle Albian age. Cobban and Reeside (1952, chart)
correlated the Purgatoire with the Kiowa Shale and the Cheyenne Sandstone of
western Kansas.

The Lytle is transitional with the superjacent Glencairr;, and the Glencairn
is gradational into overlying Dakota Sandstone. Cobt;an and Reeside (1952, p. 1029)

inferred a hiatus between the Purgatoire and Dakota in the Colorado Springs area.

Dakota Sandstone

The Dakota Sandstone (Meek and Hayden, 1862, pp. 419-420) is white to
light tan, medium-grained, friable, massive, cross-bedded, limonitic sandstone
in the lower part. The upper 20 feet is thin-bedded sandstone grading into gray
" to black clayey shale. Numerous fucoids and plant fragments are found at the
base and top of the formation. Ripple marks are found at the top of the massive
unit. Locally a high grade fire clay is developed in the upper unit. The Dakota
is resistant and forms a prominent hogback (Fig. 4). Along Skyline Drive 79.7
feet of Dakota Sandstone were measured.

The Dakota of the Canon City Embayment is of early Cenomanian age;
it correlates with the lower part'of the Frontier Formation of Wyoming.

Upper and lower contacts of the Dakota are transitional. The Dakota
and Purgatoire probably represent the transgression of Cretaceous seas into the

area. Lithology and flora of the Dakota and Purgatoire suggest a continental
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near-shore environment frequently covered with shallow marine seas, as bivalve
casts have been reported in the base of the upper sandstone (LeRoy, 1946, p. 74).

The coal seams indicate that local swampy conditions prevailed.

Graneros Shale

In the Canon City-Twin Mountain area the lower 150 to 180 feet of the
Graneros formation (Gilbert, 1896, p. 564) is light gray to black, fissile, platy
shale with a cone-in-cone zone 50 feet above the base. The upper 50 to 60 feet
of the formation is light brown to gray, calcareous, fissile, platy shale with
stringers of argillaceous limestone. Along Skyline Drive 231. 3 feet of Graneros
were measured and described (Appendix).

' A few marine pelecypods, Inoceramus sp., were found in the upper
calcareous unit. No fossils were found in the lower part of the Graneros. The
entire formation is of marine origin.

The Graneros is of late Cenomanian age. Cobban and Reeside (1952, chart)
correlate it with the lower part of the Mancos Shale of New Mexico and western
Colorado, and the lower part of the Frontier Formation of Wyoming.

The Graneros is conformable above and below and the upper calcareous

part of the Graneros is transitional with the overlying Greenhorn Limestone.

Greenhorn Limestone
The Greenhorn Limestone (Gilbert, 1896, p. 564) is a widespread formation.
It consists of thin-bedded, light bluish gray, finely crystalline, dense limestone

interbedded with light gray, calcarebus, platy, fissile shale. Abundant
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Inoceramus sp. shells and fragments occur iocally.

Along Skyline Drive the Greenhorn is 37.1 feet thick. It is easily eroded
due to the thin-bedded character and interbedded shales, but it usually forms a
ldw.ridge or hogback where it crops out.

The Greenhorn is of early Turonian age, and correlates with part of the
Me;.ncos Shale of western Colorado. It is gradational into the superjacent Carlile

formation.

Carlile Shale
The Carlile Shale (Gilbert, 1896, p. 565) contains three members in the

Canon City Emb'ayment: the lower Fairport Chalky Shale member (Rubey and

Bass, 1925, pp. 16, 40), a light gray to black, fissile, calcareous shale with thin

stringers of anhydrite; a middle Blue Hill Shale member (Logan, 1897, pp. 218,

225, 228, 229), a light brown to black, platy, fissile shale with scattered

anhydrite crystals; and the upper Codell Sandstone member (Bass, 1926, pPp. 28,

64), a light brown, fine-grained, calcareous sandstone which contains abundant
sharkd teeth,

The Carlile was mapped as a unit; however, members are generally
distinguishable in outcrops. Along Skyline Drive 143.5 feet of Carlile was measured
as follows: 63.1 feet of Fairport Chalky Shale; 76.1 feet of Blue Hill Shale; and
4 feet of Codell Sandstone. .‘

Cobban and Reéside (1952, chart) correlated the Carlile formation with

the upper part of the Frontier Formation of Wyoming. The Carlile is of late
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Turonian age, of marine origin, conformable W1th the underlying Greenhorn,
transitional between members, and paraconformable with the overlying Niobrara

Formation.

Niobrara Formation
The Niobrara Formation (Meek and Hayden, 1862, p. 419) contains two
members, the Fort Hays Limestone (Williston, 1893, pp. 108-109) and the
Apishapa Shale (Gilbert, 1896, p. 567). |

Typically the Fort Hays member is thin-bedded, light gray, finely crystal-

line, argillaceous, fossiliferous limestone interbedded with light gray, platy to
blocky, calcareous shale. Imoceramus sp, are locally found in profussion, and
sharks® teeth are occasionally found in the lower five feet of the member. A thick-
ness ;>f 27.5 feet was measured along Skyline Drive.

In eastern Colorado the Fort Hays was formerly called Timpas Limestone
(Gilbert, 1896, p. 566). Fischer (1953)showed a similar foraminiferal assemblage
in the Timpas and Fort Hays. He traced the Fort Hays from the type section in
western Kansas to the Timpas type section in eastern Colorado.

The Apishgga Shale member is light gray to buff, calcareous, splintery,

to platy, fissile shale locally grading into marl and or argillaceous limestone,
Over 500 feet of Apishapa Shale is found along the highway in Sec. 21, T. 19 S.,
R. 70 W., half a mile east of the southeastern limits of the map.

The Niobrara is of Coniacian and early Santonian age. Cobban and Reeside
(1952, chart) correlated the Niobrara with part of the Mancos Shale of New Mexico

and western Colorado.
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The Apishapa is conformable with the subjacent Fort Hays. Although
in outcrops no unconformity is recognizable, Cobban and Reeside (1952, .p. 1029)
inferred a hidtus at the top of the Apishapa as no Eagle and Telegraph Creek

faunas are recognized in the Canon City Embayment.

Pierre Shale -

The Pierre Shale (Meek and Hayden, 1862, pp. 419, 424) is d::wisiable
into five recognized zones in the Canon City Embayment (Vanderwilt, et. al.,
1948, p. 49): (1) the Barren zone at the bas;a is void of fossils; (2) a Busty zone
contains limonitic concretions; (3) the Tepee Butte zone contains numerous,
small, calcareous, fossiliferous aggregates which weather in the shape of small
cones or "tepees'; (4) the Cone-in-cone zone is arenaceous with thin discontinuous
cone-in-cone stringers; and (5) the Transition zone, consists of interbedded
sandstone and shales, locally calcareous. The Pierre is soft and weathers
easily; as a result outcrops are poor.

Thickness ranges from approximately 1,000 feet in the NW 1/4, Sec. 21,
T. 19 8., R. 70 W., just east of the southeast corner of the area studied, to
3,500 'feet in Sec. 35, T. 18 S., R. 70 W. Well records in the Canon City oil
pool were used to determine the 3,500 feet thickness (Lavington in McCoy, and
others, 1951, p. ’1008),

The Pierre is dated as i‘zziddle anq late Campanian and early Maestr,ichtian
by Cobban and Reeside (1952, chart). They correlate it with the Mesaverde

Formation of the San Juan Basin.
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The Pierre conformably overlies the Apishapa Shale and interfingers

with the overlying Trinidad Sandstone.

Trinidad Sandstone

The Trinidad Sandstone (Hills, 1899, p. 3) is massive, light gray to
buff, fine-grained, argillaceous, friable sandstone with limonitic staining. It
is poorly exposed due to its soft character. A thickness of 56 feet was measured
'}n the SE 1/4, Sec. 17, T. 19S., R. T0 W.

Trinidad is of early Maestrichtian age. It is correlated with the lower part
of the Lance Formation of Wyoming (Cobban and Reeside, 1952, chart).

Reeside (Vanderwilt, and others, 1948, p. 50) believes that the Trinidad
is progféssively younger to the north, and north of the Canon City Embayment it
is in part correlateable with the Fox Hills Sandstone. Lovering, and others, (1932)
believe that the Trinidad is a near-shore facies of the retreating Late Cretac;eous
S2a.

The Trinidad is a marine deposit which interfingers with the subjacent

Pierre formation and the superjacent Vermejo Formation,

Vermejo Formation
The Vermejo Formation (Lee, 1913, p. 531)is a i:hick sequence of thin-
to massi{re—bedded, tan to buff, fine- to coarse-grained, friable sandstone inter-
bedded with light to dark gray, soft, platy to blocky, arenaceous, lignitic shale
and soft, black, argillaceous, arenaceous coal.. Abundant plant fragments are

scattered throughout the formation. Mbst‘beds of the formation are lenticular



and few may be traced more than a few hundred yards laterally, The sandstones
are resistant and form a prominent hogback.

Almost 1,000 feet of Vermejo were measured in the SE 1/4, Sec. 17,
T. 19 S. » R. 70 W, ‘A late Maestrichtian and early Danian age is assigned to the
Vermejo. Cobban and'Réeside (1952, chart) correlated tl}e Vermejo with the upper
part of the Lance Formation of northern and eastern Colorado and Wyoming. ‘The

Vermejo is unconformable with the superjacent Arapahoe Formation.

Cretaceous -Térﬁary

Arapahoe Formation

Only the lower 300 feet of the Arapahoe Formation (Eldridge, 1888, p. 97)
are exposed in the area mapped, in the eastern half of Secs, 8 and 17, T. 19 S.,
R. 70 W. However, it is over 1200 feet thick a few miles to the southeast. The
Arapahoe is i:heAymmgest formation in the area anq it is composed of light brown
to white, frial_)le, thick- to massive-bedded, arkosic conglomerate and sandstone.
There is graded bedding, cross-beddﬁ1g, and channeling in many units. Fragments
of almost all the older umts of the area are identifiable in the conglomerates.
Dakota and Fremont pebbles are particularly abundant.

Age of the Arapahoe is questionable., Dinosaurs have been reported in the
lower par§ of the formation, and Reeside (Lovering and Goddard, 1950, p. 46)
believéd the Cretaceous~Tertiary boundary falls within the formation. Cobban
‘and Reeside (1952, p. 1013-1014) placed the Arapahoe in the upper Danian,

questionable Late Cretaceous,



In outcrops a disconformity is apparent betwegn Arapahoe and subjacent
Vermejo. Mann (1957, p. 41) suggests a slight angular unconformity is possible.

The Arapahoe is of continenﬁa.l origin.

Tertiary

Igneous Pipes
Four igneous pipes are present in the Grape Creek area (Fig. 8). All are
cylindrical in si!ape and were probably vents for extrusives although no remnants
-or evidence of extrusives are found in the area today. A petrographié study of
thin sections of samples of each of the pipes showed a marked similarity of
compoéition and grain size. An average slide analysis is as follows:

Average Maximum

Mineral Percent  Size Size
Plagioclase

An56 51 0.2 mm 0.5 mm
Augite 19 0.1 mm 2.0 mm
Uralite ? 17 0.1 mm 0.2 mm
Orthoclase 5 0.1 mm 0.3 mm
Magnetite . 5 0.1 mm 0.2 mm
Calcite 1 0.1 mm 0.8 mm
Quartz 0.5 0.1mm 0.3 mm
Pyrite trace 0.1 mm 0.1 mm

Natrolvite trace 0.2 mm 0, 8 mm
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Fig. 8. View of igneous pipeé: a. western pipe; b. double
pipe; c. small northeastern pipe; d. Dakota hogback displaced
by tear fault terminating Wet Mountain thrust; e. Vermejo
hogback; f. Wet Mountains, Camera facing east, NW 1/4,

SW 1/4, Sec. 7, T. 19S., R. T0 W,

36
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Phenocrysts are commonly augite and in places plagioclase, orthoclase, quartz,
and magnetite. Vesicules are filled with calcite and natrolite and occasionally
quartz. The uralite (?) is probably an alteration product of augite. The
western most pipe contains almost 5 percent biotite, otherwise it is similar to
the other pipes. Ground mass of all the pipes is holocrystalline plagioclase
microlites embedded in a matrix of anhedral to subhedral augite and magnetite
grains. The pipes are classified as tholeiitic basalt. They were undoubtedly
derived from the same primary magna, and were emplaced at approximately
the same time.

The vyestern pipe has a metamorphosed zone approximately 6 to 10 feet
wide encircling it. The matamorphoseci rock is a yellow-brown hornfels
containing quartz, muscovite, augite, and magnetite porphyroblasts up to 0.4
millimeter in diameter. Some of the magnetite is altered to hematite.
Identification of the ground mass is difficult due to the extremely fine-grained
texture. No apparent internal structure was observed. The hornfels is believed
to be metamorphosed Apishapa Shale.

The southeastern pipe is a double pipe with a saddle of slightly metamor-
phosed terrace deposit between the two pipes. Metamorphism consists of slight
alteration of the matrix but no alteration of the pepbles and cobbles. The contact
region of the small northeastern pipe is covered.

The fine-grained texture of the basalt indicates a rapid rate of cooling.

This would suggest the magma was either at or near the surface when it cooled.
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The slightly metamorphosed conglon;erate between the double pipes in
the NE 1/4, NE 1/4, Sec. 18, T. 19 S., R. 70 W. is a Late Tertiary terrace
deposit. This dates the pipes as Late Miocene or perhaps early Pliocene,
Lovering (1929, p. 108) stated that ali intrusives and extrusives of the Front

Range were Miocene or older.

Travertine

Two small travertine deposits are located south and east of Twin
Mountains. The name Twin Mountain Travertine is-herein proposed for these
fleposits.

The northern deposit, SW 1/4, Sec. 7, T. 18 S., R. 70 W., averages 17
feet thick and is well exposed in a quarry. I is angularly unconformable on
the Fountain Formation and may be divided into four umits as follows: (1), 0.3
to 4.9 feet of red to orange calcareous weathered zone containing pebbles and
granules of Fremont, Harding, and Fountain; (2), 0 to 14.2 feet of varicolored
white to buff to pink, massive, vuggy travertine, locally arenaceous and
containing encrusted plant fragments; (3), a 0 to 11, 2 feet unit of pink to dark
red, massive, vuggy travertine, ' locally conglomeratic containing quartz and
Precambrian granules and encrusted plant fragments; (4), 0 to 8.3 feet of buff
to light gray, massive, vuggy travertine containing plant fragments locally. At
the southern extremety of the deposit encrusted plant fi‘agments appear to be
growing in situ in the upper unmit.

The'sotrthern deposit, in the northeast corner Sec. 24, T. 18 S., R. 71

W., consists of 22 feet of varicolored buff to pink, soft, thin-bedded, vuggy
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travertine, arkosic in the upper five feet. It is angularly unconformable to
subjacent Williams Canyon at the western end of the deposit and Fountain at
the eastern,

The source of carbonate for the deposits is probably Fremont Limestone,
The northern deposit lies on the plunging nose of South Twin anticline. Waters
moving along the thrust fault breaching the anticline may have dissolved Fremont
Limestone, carried it in solution, and upon reaching the surface deposited
the travertine, The presence of encrusted plant fragments, some appearing
to be in the position of growth, indicates a cool temperature of depc;sition. I the
water was originally from hot springs it had cooled sufficiently to allow plant
life at the site of deposition. Origin of the southern deposit was probably similar
to that of the northern.

Both deposits dip 4 to 6 degrees southeast; the dip is probably initial,
although it may in part be due to uplift after deposition. Age of the deposits is
questionable but the writer believes they may be as old as Pliocene as they lie
above the terrace level along Sand Creek and have been eroded considerably
since deposition. Similar deposits were reported by Paul Johnston (‘personal

>

communication) in the Red Creek area, north of Cotopaxi.

Tertiary-Quaternary

Terrace Deposits
Unconsolidated to loosely consolidated material of sand to boulder size

forms terraces along the Arkansas River, Oil Creek, Wilson Creek, and Sand
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Creek. Cobbles and boulders are uncommon, The older terraces contain a
larger percentage of coarse material than the younger ones. Age and location

of the terraces was discussed previously (see p. 12).

STRUCTURAL GEOLOGY
Major structural features of the Canon City~Twin Mountain area include
the Canon City syncline; the tear fault terminating the Wet Mountain thrust; the
thrust faults of the Grape Creek area; anticlines and associated thrusts and
synclines of the Twin Mountain area; and the Twin Mountain thrust and terminating

tear,

- Canon City Syncline

The Canon City syncline is a broad structure plunging 10 degrees south-
east. It is bounded on the east by the plunging southern end of the Front Range,
"and on the west by the monocline paralleling the Wet Mountains. In the southern

part of the area the axis of the Canon City' syncline lies between an anticline
reﬁorted from subsurface data in Sec. 35, T. .18 S., R. 70 W. and the Dakota
hogback three miles to the west. The axis bifurcates in the northfarn half of

T. 18 S. with the western fork st.rik.ing approximately N. 40°w. through Shaws
Park and the east fork striking approximately north in the area east of Red

/

C_anéns Park.

Tear Fault Terminating the Wet Mountain Thrust

The northern end of the Wet Mountain thrust is present in the southern-

most part of the area mapped (Sec. 20, T. 19 S., R. 70 W.) where Precambrian
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crystallines are in contact with«Morrison sedimentary rocks. Mann (1957,

pp. 44-48) mapped the thrust south of the area and found the dip to range from
25° to 35° west, increasing to the south. The thrust is terminated on the north
by a tear fault striking approximately N. 80° W, dipping from 85° south to
vertical. In Secs. 14 and 15, T. 19 S., R. 71 W, the tear has Precambrian
crystallines on the south faulted against sandstones and shales of the Dakota and
Purgatoire formations; tracing the fault eastward, progressively younger sediments
are in contact with the Precambrian, Maximum horizontal separation, over
16,000 feet, is in the Dakota Sandstone, from NW 1/4, SW 1/4, Sec. 14,

T. 19 S., R. 71 W, to SE 1/4, NE 1/4, Sec. 20, T, 19S., R. 70 W. Mann
(1957, p. 48) suggested the tear continues a mile and a half east of the thrust.
The south block of the fault displaced Precambrian crystallines upward and to the
east.

Evidence of the tear is found in the center of Sec. 14, T. 19S., R. 71 W.,
where drag in the upper Dakota formation is well exposed. A half a mile to the
west in the Purgatoire and Dakota evidence of thrusting is well displayed in over-
turning of strata.

The author and D, L., McCullough investigated this fault and traced it west
i;xto Webster Park, where a prominent shear zone appr&:dmately 100 yards wide
is i)resent within the Precambrian. McCullough (1958, p. 29) traced the fault
still further to the west where it changes to a thrust in the southern end of Webster

Park.
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Grape Creek Area

Thrust faults are the primary structural feature of the Grape Creek area.
Two parallel liigh angle thrusts strike approximately S. 80° W. and dip from 83°
north to vertical. These two thrusts are well exposed in Secs. 11 and 12, T. 19
S., R. T1 W,

The southern thrust has apparently had two periods of movement with a
reversal of the direction of movement (Fig. 9). Initial gravity type faulting was
post-Fi'emont and pre-Fountain, probably during early phases of the Ancestral
Rocky Mountain orogeny, with the north block moved down relative to the south
block. During the Laramide orogeny direction of movement reversed along the
fault thrusting Harding and Fremont on the north block in contact with Morrison
and Purgatoire on the south (Cross-section C-C', Plate 2).

Along the northern thrust Precambrian crystallines on the north side are
in contact with Ordovician sediments in the northern half of Sec. 12, T. 19 S.,

R. 71 W. The fault changes strike to N. 29° E., in the SE 1/4, NE 1/4, Sec. 12,

T. 19S., R, 71 W, Inthe NE 1/4, NE 1/4, Sec. 12 Precambrian on the west

side is in contact with Morrison on the east side. Tracing the thrust to the north

the Precambrian is in contact with progressively older sediments and in the

NW 1/4, Sec. 6, T. 19S., R. 70 W. Ordovician sedimentary rocks overlying the

Precaml;rian on the hanging wall are in contact with Fountain conglomerates of the
- footwall, On the south bank of the Arkansas River the fault is entireiy in the

Fremont Formation at the surface. It cannot be traced north of the Arkansas.
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Reversal of direction of movement
during the Laramide orogeny and
subsequent erosion to Fremont Limestone
on the upthrown block and to the
Purgatoire Formation on the downthrown
block.

Removal by erosion of all Fountain
strata on the upthrown block and
part of the strata on the downthrown
block, followed by deposition of
Cretaceous strata.

Removal by erosion of Ordovician
strata on the upthrown block and
deposition of Fountain strata over
the area.

Initial gravity faulting during

Ancestral Rocky Mountain orogeny.

Fig. 9. Diagramatic development of southern thrust in Grape Creek area.



Twin Mountain Area

Major structures of the Twin Mountain area, from southwest to northeast
respectively, are: Devils Gap ‘syncli.ne; South Twin Mountain anticline: Twin
Mountain syncline; and North Twin Mountain anticline (Plate 3). The area lies
in Secs. 1, 2, 11, and 12, T. 18 S., R. 71 W.

Devils Gap syncline is a southeast plunging structure on the southwestern
flank of the South Twin Mountain anticline. The limb common to both structures
is highly faulted.

South Twin Mountain anticline is a breached structure plinging 30° south-
east. A longitudinal high angle thrust breached the anticline and placed Pre-
éambrian crystallines in contact with Manitou, Harding and Fremont of the
southwestern limb, Vertical displacement along the thrust is approximately
900 feet in the SE 1/4, SE 1/4, Sec. 2 and becomes progressively less to the east.
The thrust is terminated by a small normal fault on the eastern end. . In the SW 1/4,
'SE 1/4, Sec. 2, NE 1/4, Sec. 11, and NW 1/4, Sec. 12 the thrust bifurcates
to include a large slice of Precambrian crystallines capped with Manitﬁu Lime-
stone and Harding Sandstone.

North Twin Mountain is a faulted overturned breached anticline plunging
25° southeast. As the anticline developed it was overturned to the southwest
and the northeastern limb was thrust over the southwest limb. The high angle
thrust dies out in the Twin Mountain syncline in the SE 1/4, Sec. 1, T. 18 S.,

R. 71 W. Displacement along the thrust increases to the northwest.
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Twin Mountain syncline lies between North and South Twin Mountain
anticlines. The axis of the syncline is well exposed in the valley of Twin Creek.
The northeastern limb is overturned to the southwest and is thrust over the

southwest limb.

Twin Mountain Thrust

The Twin Mountain thrust is a high angle thrust striking approximately
N. 30° E. and diping from 80° west to nearly vertical. The Twin Mountain
anticlines and associated thrusts are terminated by this fault. The western
upthrown block has thrust Precambrian crystallines into contact with strata of
Ordovician, Pennsylvanian, and Jurassic age.

‘A tear fault terminates the Twin Mountain thrust in the NW 1/4, Sec. 7,
T. ‘17 S., R. 70 W. The north block of the tear moved east relative to the south

block.

ECONOMIC GEOLOGY
In the Canon City-Twin Mountain area numerous abandoned pits and
shafts attest the short lived and fruitless attempts of prospectors. Copper
mineralization along major faults attracted the prospectors in the late 1800°'s.
More recently noncommercial uranium deposits in the Morrison have attracted
some attention.
Industrial minerals have been produced since the l860’s and are still

an important aspect of the economics of the area. Sandstone, limestone, and

clay are all actively quarried or mined today for a number of uses. Petroleum
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and coal have the longest production record in the area.

Coal
Coal has been extensively mined in the Canon City coal fields, southeast
of Canon City (Washburne, 1910). The coals are in the Vermejo Formation and
are thicker in the subsurface than in exposures. Large reserves are present,
. however, operating costs and lack of demand make them marginal. The coal does
not coke, but does make an excellent domestic fuel. A few mines are currently

active, mostly supplying local demand with a small annual production.

oil
Oil seeps along Oil Creek mentioned in early reports of the Canon City
area attracted the attention of a Denver prospector. Hayden (1869, p. 219)
reported that four wells were drilled by the Denver man along the seeps, with
the first one completed in 1863. Annual production for the four wells was only
4,000 gallons, The crude was analyized as follows:
Benz]’.ne‘...'l‘....0.'...0...‘0.....0..'....0 12%
Good clear burning 0il sseevecesocevscocscscss 50%
Nitrogenous mass, containing much parafine
and parafine oil,....... 25%
Coke and refllse...Q.0...'.‘O'.....Q.Q'."..C 13%
In 1876 the Florence field was discovered 6 miles southeast of Canon City,
and 50 years later, the Canon City pool was opened one mile southeast of Canon

City. De Ford (1929) listed both of these fields as permeability traps with

production from fractures in the Pierre Shale. Lavington (McCoy, et. al., 1951,
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p. 1008) showed the production to be from the Tepee Butte zone of the Pierre.

The fractures in the Canon City pool occur on the nose of the south-
easterly plunging Oil Creek anticline, whereas the Fiorence field is on a terrace
on the eastern limb of the Chandler syncline. The oil is probably indigenous to
the Pierre and accumulated in fractures formed during the Laramide revolution
(De Ford, 1929, pp. 86-87). No water is encountered in the wells and wells do not

go to water with age. A few wells are still pumping in both fields today.

Ornamental Stone

Travertine is quarried at the Cowan Brothers' quarry in the SW 1/4,

Sec. 7, T. 18.S., R. 70 W. The travertine takes a high polish, and is highly
‘prized as an ornamental stone. ‘Three colors are commonly found, light orange,
mahbgany, and gray and it is sold under trade names derived from the colors,
Colorosa, Colorosa Mahogany, and Colorosa Gray, respectively.

In the NE 1/4, NE 1/4, Sec. 13, T. 18 S., R. 71 W. a conglomerate
bed in the Fountain Formation is composed entirely of Fremont pebbles, cobbles,
and boulders with a dolomitic cement. It is quarried by the Cowan brothers
and sold under the trade name Royal Breche.

Fremont Limestone and Williams Canyon Limestone are quarried for
use in making terrazzo. Both limestones are quarried in the NW 1/4, SW 1/4,
Sec. 25, T. 17 S., R. 71 W.; in addition, Williams Canyon is quarried at two
localities in the NE 1/4, Sec. 12, T. 18 S., R. 71 W. The quarries are worked

4 to 6 weeks each year, as material is needed.
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Fire Clay

Fire clay is mined in the SW 1/4, SW 1/4, Sec. 4, T. 18S., R. 70 W.
The clay occurs m the upper part of the Dakota Sandstone, and varies from 5 to
11 feet in thickness. Several abandoned quarries and mines in the Glencairn
Shale member and the Dakota Sandstone are located in Secs. 5 and 8, T. 18 S.,
R. 70 W. The clays are local, discontinuous, and too impure in places. Two

plants in Canon City use the clays for manufacturing brick, tile, and tile pipe.

Sand and Gravel

A drag lime operation in the Arkansas River, SE 1/4, Sec. 32, T. 18 S.,
R. 70 W., supplies a\ll the sand and gravel required for constmction in the
Canon City area. Small pits are operated in Sand Creek, SW 1/4, NW 1/4, Sec.
29, T. 18 S., R. 70 W.; Wilson Creek, NE 1/4, NW 1/4, Sec. 10, T. 18 S.,
R. 70 W.; and Oil Creek, eastern half Sec. 10, T. 18 S., R. 70 W. These pits
supply material to farmers, ranchers, and the County Highway Department for

various uses.

Flux Lime

A large quarry in the NE 1/4, SW 1k4, Sec. 30, T. 18S., R. 70 W.
supplies Fremont Limestone to the steel mill of the Colorado Fuel and Iron
Company in Pueblo, where it is used as a flux in the blast furnaces. Extensive

reserves extend as far as 6 1/2 miles north of the quarry.

Refractory Sand

Quarries in the Harding Sandstone in the southern half of Sec. 30,

T. 18 S., R. 70 W. have been worked since the turn of the century. The sand
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supplied by these quarries is used as refractory sand at the steel mill in

Pueblo.

Pegmatites

Pegmatites of the Eight Mile Park area have been extensively mined
in the past (Heinrich, 1948). Today mining is still active, although most of the
mines are marginal, Quartz, feldspar, beryl, and mica are the primary

minerals mined today.

Building Stone

'i‘he Dakota Sandstone has been quarried in the past as dimension stone.
Several of the Colorado State Penitentiary buildings were constructed with
Dakota blocks quarried within the penitentiary grounds. Another abandoned

quarry-is located in the NW 1/4, SW 1/4, Sec. 20, T. 18 S., R. T0 W.

Roofing Chat
The resistant pature of the cheI_'t and dolomite of the Manitou formation
makes it useful as roofing chat when crushed. A small quarry is located in the
SE 1/4, SE 1/4, NE 1/4, Sec. 11, T. 18 S., R. 71 W. The quarry is operated by

a Denver contractor a few weeks each year to meet his construction demand.

GEOLOGIC HISTORY
A thick sequence of sandstones and shales were deposited during
Precambrian time in the area that is occupied by the Front Range today.

Injection of the Pikes Peak Granite metamorphosed the strata into the schists
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and gneis.ses of the Idaho Springs Formation., Later injections resulted in
formation of the injection gneiss. A third period of mtrugion was followed by
uplift and erosion.

Middle Cambrian seas invaded the region from the east and in the Front
Range, Sawatch Quartzite was deposited on a base-leveled Precambrian surface,
No Sawatch is found in the Canon City Embayment; if it was deposited, it was
removed by pre-Manitou erosion,

Early Ordovician seas spread over the region depositing Manitou Lime-
stone. Retreat of the sea was accompanied or followed by a slight uplift on .
the southwestern side of the embayment, Minor faulting was associated with
the uplift. A thick sequence of clastics was deposited by transgressing Middle
Ordovician seas. Withdrawal of the Middle Ordovician seas was followed by a
period of subaerial erosion which ended with transgression of Upper Ordovician
seas and deposition of the Fremont Limestone. After withdrawal of Ordovician
seas the area was low lying, and a period of quiescence prevailed through
Silurian time.

Faunal evidence shows Devonian seas were present in western Colorado.
Questionable Devonian sedimentary rocks along the Front Range are non-
fossiliferous. If Mississippian seas covered the embayment, pre-Fountain
erosion removed the Mississippian strata and considerable amounts of older
Paleozoic strata along the western side of the embayment.

During Morrowian time uplift of the Ancestral Rockies was initiated.
Pulsations of the uplift probably continued until early Missourian time. Some

faulting in the Grape Creek area is thought to have been associated with the uplift.
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The Lykins Formation records invasion of late Permian seas. In the
Canon City Embayment the Lykins sea withdrew either at the end of Permian
time or shortly after. Further north along the Front Range the Lykins sea did
not withdraw until early Triassic time. If any Triassic sediments were deposited
in the Canon City area ;they were subsequently removed by erosion.

Throughout Early and Middle Triassic time, the region around Canon
City was probably low. During Late Jurassic, late Callovian and early Oxfordian
time, a closed basin was evident in southeastern Colorado, extending into the
eastern portion of the Canon City Embayment. Deposits of gypsum over 100
feet thick are present a few miles northeast of Canon City.

Upper Jurassic Kimmeridgian time was a period of continental lacustrine
deposition. These conditions prevailed through early Portlandian time before
erosion began leveling the area.

Early Cretaceous was a period of subaerial erosion with the area
low and erosion of little consequence. During Albian time continental deposits
preceeded the encroaching Late Cretaceous seas. Late Cretaceous seas
covered the entire present Front Range. Several oscillations of the sea are
recorded in the sandstone, shales, and limestones deposited during the Late
Cretaceous. The first pulsations of the Laramide Revolution were during
Pierre time (Lovering and Goddard, 1950, p. 58). Cretaceous sediments were
quickly eroded from the rising Rocky Mountains and Upper Cretaceous deposits

are continental, with abundant feldspar indicating intense mechanical weathering

of the Precambrian rocks.



Continental deposition continued through Early Tertiary time gnd.
further pulsations of the Laramide Revolution folded, faulted, and uplifted
the area. Vulcanism and int.rusion terminated the Laramide Revolution.

Except for terrace deposits, deposition ceased in the Canon City
Embayment after Eocene time. Pliocene and Pleistocene were periods of

relative quiescence except for epirogenic uplift.

52



53

REFERENCES CITED

Acharya, Ashutosh, 1949, Geology of the Grape Creek area, Fremont County,
Colorado: Master's thesis, Colo. School of Mines.

Bass, N. W., 1926, Geologic investigations in western Kansas: Kans. Geol.
Survey Bull, 11, p. 1-96.

Blum, V. J., 1944, A magnetic survey of the Canon City area: Am. Geophys.
Union Trans., v. 25, p. 556-558,

Boos, M. C., and Boos, M. F., 1957, Tectonics of eastern flank and foothills
of Front Range, Colorado: Am. Assoc. Petroleum Geologists Bull.,
v. 41, p. 2603-2676.

Brainerd, A. E., Baldwin, H, L., Jr., and Keyte, I, A., 1933, Pre-
Pennsylvanian stratigraphy of Front Range in Colorado: Am. Assoc.
Petroleum Geologists Bull., v. 17, p. 375-396.

Browder, G. T., 1958, The geology of Shaws Park, Fremont County, Colorado:
Master's thesis, Okla, Univ,

Cobban, W. A., and Reeside, J. B., Jr., 1952, Correlation of the Cretaceous
formations of the Western Interior of the United States: Geol. Soc.
America Bull., v. 63, p. 1011-1044,

Cross, Whitman, 1894, Description of the Pikes Peak quadrangle (Colorado):
U. 8. Geol. Survey Geol. Atlas, folio 7.

Darton, N. H., 1906, Geology and underground waters of the Arkansas Valley
in eastern Colorado: U. S. Geol. Survey Prof. Paper 52, p. 1-90.

De Ford, R. K., 1929, Surface structure, Florence oil field, Fremont County,
Colorado: Am. Assoc. Petroleum Geologists, Structure of Typical
American Oil Fields, v. 2, p. 75-92. -

Eldridge, G. H., 1889, On some stratigraphical and structural features of the
country about Denver, Colorado: Colo. Sci. Society Proc., v. 3,
pto 1, po 86"’118.

Emmons, S. F., Cross, W., and Eldridge, G. H., 1896, Geology of the
Denver Basin in Colorado: U. S. Geol. Survey Mon. 27, 556 p.



54

Endlich, F. M., 1874, Notes on surface features of the Colorado or Front
Range of the Rocky Mountains: U. S; Geol. and Geog. Survey of the
Territories Bull., v. 6, p. 183-240,

Fenneman, N, H., 1905, Geology of the Boulder district, Colorado: U. S.
Geol. Survey Bull. 265, p. 1-98.

Finlay, G. I, 1916, Description of the Colorado Springs quadrangle (Colorado):
U. S. Geol, Survey Geol. Atlas, folio 203,

Fischer, W. A., 1953, The foraminifera and stratigraphy of the Colorado
Group: Doctor's thesis, Colo. Univ.

Frederickson, E. A., Delay, J. M., and Saylor, W. W., 1956, Ralston
Formation of Canon City Embayment, Colorado: Am. Assoc. Petroleum
Geologists Bull., v. 40, p. 2120-2148.,

Gilbert, G. K., 1896, The underground waters of the Arkansas Valley in eastern
Colorado: U, S. Geol. Survey, 17th Ann., Report, pt. 2, p. 551-601.

Hatcher, J. B., 1901, Annals: Carnegie Museum, v. 1, p. 327-341,
Hayden, F. V., 1868, Remarks on the geologic formations along the eastern
margin of the Rocky Mountains: Am, Jour, Sci., 2d ser., v. 45,
po 322"'326.

, 1869, U. S. Geological Survey of the Territories, embracing
Colorado and New Mexico: 3rd Ann. Report, v. 3, 261 p.

, 1873, Survey of the Territories: U. S. Geol. Survey
Territories, 3rd Ann. Report, v. 7, p. 427-533.

Heaton, R. L. ,4 1933, Ancestral Rockies and Mesozoic and Late Paleozoic
stratigraphy of Rocky Mountain region: Am, Assoc. Petroleum Geologists
Bull,, v. 17, p. 109-168.

, 1950, Late Paleozoic and Mesozoic history of Colorado and
adjacent areas: Am. Assoc, Petroleum Geologists Bull., v. 34,
p. 1659-1698, ‘

Heinrich, E. W., 1948, Pegmatites of the Eightmile Park, Fremont County,
Colorado: Am. Mineralogist, v. 33, p. 420-448, 550-587,



55

Hills, R. C., 1899, Description of the Elmoro quadrangle (Colorado): U. S.
Geol. Survey Geol. Atlas, folio 58.

Lee, W. T., 1913, Recent discevery of dinosaurs in the Tertiary: Am. Jour.
Sci., 4th ser., v. 35, p. 531-534.

LeRoy, L. W., 1946, Stratigraphy of the Golden-Morrison area, Jefferson
County, Colorado: Colo. School of Mines Quart., v. 41, no. 2, p. '1-115,

Logan, W. N., 1897, The Upper Cretaceous of Kansas: Kans, Univ., Geol.
Smey, Ve 2, po 195-231.

Lovering, T. S., 1929, Geologic history of the Front Range: Colo. Sci.
Society Proc., v. 12, p. 59-112, "

, Aurand, H. A., Lavington, C. S., and Wilson, J. H., 1932,
Fox Hills Formation, northeastern Colorado: Am. Assoc. Petroleum
Geologists Bull., v. 16, p. 702-703.

, and Goddard, E. N., 1950, Geology and ore deposits of the
Front Range, Colorado: U. S. Geol. Survey Prof. Paper 223, 319 p.

Maher, J. C., 19532, Permian and Pennsylvanian rocks of southeastern
' Colorado: Am. Assoc. Petroleum Geologists Bull., v. 37, p. 913-939.

» 1953b, Paleozoic history of southeastern Colorado: Am.
Assoc. Petroleum Geologists Bull., v. 37, p. 2475-2489.

Mann, C. J., 1957, Geology of Chandler syncline, Fremont County, Colorado:
Master's thesis, Kans. Univ,

McCoy, A. W., I, Sielaff, R. L., Downs, G. R., Bass, N. W., and Maxon,
J. H., 1951, Types of oil and gas traps in Rocky Mountain region:
Am. Assoc. Petroleum Geologists Bull., v. 35, p. 1000-1037.

McCullough, D, L., 1959, Geology of the Parkdale area, Fremont County,
Colorado: Master!'s thesis, Kans. Univ.

Meek, F. B., and Hayden, F.-V., 1862, Descriptions of new Cretaceous
fossils from Nebraska Territory: Phila. Acad, Nat. Sci. Proc.,
V. 13, p. 21-280

Miller, J. H., 1951, Geology southwest of Canon City, Fremont County,
Colorado: Master's thesis, Colo. School of Mines.



56

Moore, R. AC. , 1958, Introduction to Historical Geology: McGraw-Hill Book
Co., Inc., New York, p. 240,

Powers, W. E., 1935, Physiographic history of the upper Arkansas Valley
and the Royal Gorge, Colorado: Jour. Geol., v. 43, p. 184-199,

Rubey, W, W., and Bass, N. W., 1925, The geology of Russell County,
Kansas: Kans. Geol. Survey Bull. 10, p. 1-104.

Rul ey, E. E., 1952, The geolog'y of a portion of the foothills belt on the south-
west side of the Canon City Embayment Fremont County, Colorado:
Master's thesis, Colo. School of Mines.

Stose, G, W., 1912, Description of the Apishapa quadrangle (Colorado): U. S.
Geol. Survey Geol, Atlas, folio 186.

Sweet, W, C., 1954, Harding and Fremont Formations, Colorado: Am.
Assoc. Petroleum Geologists Bull., v. 38, p. 284-305.

Tieje, A. J., 1923, The red beds of the Front Range in Colorado, a study in
sedimentation: Jour. Geol., v. 31, p. 192-207,

Vanderwilt, J. W., and Others, 1948, Guide to the geology of central Colorado:
Colo, School of Mines Quat., v. 43, no. 2, p. 1-~76.

Van Horn, Richard, 1957, Ralston Creek Formation, new name for Ralston
Formation of LeRoy (1946): Am. Assoc. Petroleum Geologists Bull.,
Vo 41, po 755-756.

Van Tuyl, ¥, M., and Lovering, T. S., 1935, Physiographic development
of the Front Range: Geol. Soc. America Bull., v. 46, p, 1291-1349,

Walcott, C. D., 1892, Preliminary notes on the discovery of a vertebrate
fauna in Silurian (Ordovician) strata: Geol. Soc. America Bull.,
V. 3, po 153"172.

Waldschmidt, W. A., and LeRoy, L. W., 1944, Reconsideration of the
Morrison Formation in the type area, Jefferson County, Colorado:
Geol. Soc. America Bull., v. 55, p. 1097-1114,



57

Washburne, C. W., 1910, The Canon City coal field, Colorado: U. S. Geol,
Survey Bull. 381, p. 341-378.

Wﬂliams, S. G., 1876, Notes on the geology of some localities near Canyon
City, Fremont County, Colorado: U. S. Geol. and Geog. Survey of
the Territories Bull., 2d ser., v. 1, p. 249-251.

Williston, S. W., 1893, The Niobrara Cretaceous of western Kansas: Kans,
Acad. SCi. TranS., Ve 13, p. 107_1110



58

APPENDIX

Measured Sections

Locality 1. Along line from NW 1/4, SE 1/4, Sec. 6, T. 17 S., R. T0 W.
southeast through Red Canons Park to NE 1/4, SW 1/4, Sec. 8,
T. 17S., R. T0 W, ‘

Thickness
Feet

Cretaceous
Dakota Sandstone (35.1 feet, incomplete, top eroded)

121, Sandstone, light tan, fine- to coarse-grained,
friable. Grains subrounded. Loose calcare-
ous cement. Massive with some cross-bedding.... 10.4

- 120. Sandstone, light gray to tan, fine-grained,
argillaceous, thin-bedded. Grains subround-
ed. Calcareous cement with some ferruginous

119, Sandstone, light tan, fine- to coarse-grained,
slightly calcareous cement locally. Grains
subrounded. Thin- to massive-bedded. Small
Ccross-bedding.eeeescececcrccscsosscsccsscsssnas 10.8

118. Sandstone and conglomerate, white to light tan,
fine~- to coarse-grained, friable, loosely cement-
ed. Grains subrounded. Cross-bedding well
developed. Abundant wood and coal fragments.
Numerous fucoidS.eesesececesccssssoscosscccnses 7.1

Purgatoire Formation (98.8 feet)
. Glencairn Member (67.1 feet)
117, Sandstone, light tan, very fine-grained, well

cemented. Grains subrounded. Ferruginous
Stainmglocally'....‘..O..O...'.".0......0..... 1.5



116.

115.

114.

113,

112,

111,

110,

Lytle

109.

Covered ]‘-n-terval....‘...O....'.0....0..'0..0...0

Sandstone buff to light tan, very fine-grained.
Grains subrounded. Thin- to massive-bedded

with thin shaly partings. Ferruginous staining
locally. Ripple marks on upper surface and.
fucoids throughout. ccesecceseeccsscsccsosscaccces

Shale, light gray to black, splintery to blocky,
fissile, arenaceous. Carbonaceous inclusions.
Ferruginous staining. Thin stringers, tan to buff,
very fine-grained sandstone. Secondary gypsum
along fractureS. ceeeeacescscccresnssccarcssscnses

Sandstone, buff to light tan, very fine-grained.
Grains subrounded. Ferruginous staining. Thin-
to thick“bedded Wiﬂl thin Sh.aly partings. 0660 e00 0000

Shale, light gray to black, splintery to blocky,

fissile, arenaceous. Carbonaceous inclusions.
Ferruginous staining. Thin stringers, tan to buff,
very fine-grained sandstone. Secondary gypsum along
fracturesScececeesescoccesececsccccccscccscoscansos

Sandstone, tan to gray, weathers buff, very
fine~grained, argillaceous. Grains subrounded.
Ferruginous staining. Thin- to massive-bedded
with discontinuous bedding planes....ccoeeeceeeces

Shale, dark gray, platy, fissile, arenaceous.
Wood fragments scattered throughout. Gypsum
stringers 0,25 to 0,5 inch thick in upper 6 inches.,
Thin stringers, light tan, very fine-grained

Sandstone.0".0'.0’.0...........0..'.0.....0.0.0

Member (31.7 feet)

Conglomerate, white to light gray, friable.
Pebbles of chert up to 1.4 inches. Matrix
coarse~grained sand. Calcareous cement.
Ferruginous staining, Cross-bedding well
developed.cevessescsscosescsasoscocsncaccscnnas
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Jurassic

Morrison Formation (519.6 feet)

108.

107.

106.

105.

104.

103.

102.

101.

100.

929.

98,

Sandstone and shale, white to light green to

purple massive, Calcareous cement. Laterally
ranges from -argillaceous sandstone to

arenaceous Shale.ceioeesvsnncorsseccsscesscannen

Sandstone, white, fine-grained, friable massive.
Grains subrounded. Calcareous cement...ceeoeess

Sandstone, white to purple, fine-grained,

friable. Argillaceous, massive. Grains sub-
rounded. Calcareous cement, loosely cemented.
Ferruginous staining...ceeeeeccescecccccscsscese

Sandstone, white to light pink, weathers same,
fine- to medium-grained, friable, massive. Grains
subrounded. Calcareous cement. Ferruginous
staining. Calcite filled fractures. Cross-bedding
well developed.eeeceeccececsosoesascoscesccnsnne

Covered, intervalooooooaooo0000.00000000000000.0

Sandstone, light gray to gray-green, very fine-
grained, arkosic, massive. Grains subrounded.
Calcareous cement. coceeceeovessocassecsscsssanss

Sandstone, light gray to gray-green, very fine-
grained, arkosic, friable. Calcareous cement.
Thin-bedded. Thin stringers, light gray green,
soft, blocky, arenaceous shal€..eesesecesscscecess

Coveredintewal....'..'l..‘......."...l.'..'..
Sandstone, light gray to gray-green, very fine-
grained, arkosic, friable, massive. Grains
subrounded. Calcareous cement.cecceecescecccses
Covered jnterval’..0......0......0..I....O.Q....
Sandstone, light gray to gray-green, very fine-

grained, arkosic, massive. Gmins subrounded.
Calcareous cement. .ccovceeesccocrecscccscancnns
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97.

96.

95.

94.

93.

92’

91.

90.

89.

88.

Shale, light green to chocolate brown, platy,
to splintery, soft, fissile, arenaceouS.ceeeececess

Conglomerate, light gray to pink, arkosic
massive. Pebbles up to 2 inches, angular to

‘subrounded, Calcareous cement. Cross-bedding

Welldeveloped.ol..ooogooy.00.00.0.000000-000000

Conglomerate, light green to chocolate brown,
arkosic, argillaceous, friable. Pebbles up to
OQSincho 'I‘hjn Wa;vybeddjng.‘....’.......'....’

Conglomerate, light green to chocolate brown,
arkosic, argillaceous, massive. Matrix coarse-
grained sand. Grains subangular. Calcareous

cement...0.'...OQ..'....l...0.........0..‘.....

Sandstone, light green to chocolate brown, fine-
to coarse-grained, arkosic, argillaceous, friable

massive, Grains subangular to subrounded. Channel-

ing into underlying conglomerate.sceseccesccscsces

Conglomerate, light gray to pink, arkosic
massive. Angular to subrounded pebbles up to

2 inches. Calcareous cement. Local cross-
bedding.esesecsecscssecssssscsssscsccsssssssase

Sandstone, light green to chocolate brown, fine-
to coarse-grained, arkosic, argillaceous, friable.
Grains subangular to subrounded. . ceeeeececesaccee

Conglomerate, light gray to pink, arkosic
massive. Angular to subrounded pebbles up to 2
inches. Calcareous cement, loosely cemented.
Cross-bedding well developed. Channeling

atbaSeQo.ooo00000.Qo.o.lo..c.’oo'oooo.o.ootooo

Sandstone, light green to chocolate brown, fine-

to coarse-grained, arkosic, argillaceous, friable
massive. Grains subangular to subrounded.
Channeling at bas€..eseececeescssscscccccsocaces

Conglomerate, light gray to pink, arkosic
massive. Angular to subrounded pebbles up to 2
inches. Calcareous cement. Local cross-
bedding.eeoeesesceesesscssscacscocrsesscoassacns
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87.

Permian

62

Sandstone, light orange to chocolate brown, fine-
to coarse-grained, argillaceous, arkosic, friable
massive. Calcareous cement, loosely cemented.

GI‘aiDS S_ubanglﬂartoSubroundedooooocooo-.o.oooo 3.2

Lykins Formation (0.2 to 0.5 feet)

86.

Pennsylvanian

Limestone, light gray-green, very finely crystal-
line, arenaceous. Wavy laminationS..cceeeceessss t0

o O

Fountain Formation (1177.9 feet)

85.

84.

83.

82.

81.

Sandstone, dark orange to chocolate brown, fine-

to coarse-grained, arkosic, argillaceous, friable

massive. Grains subangular to subrounded.

Calcareous cement. Thin stringers, light gray-

green Shale...eeceescacscssccnsesscsssossnscsss 54.2

Conglomerate, light gray to yellow-orange, arkosic,

friable. Pebbles up to 2 inches. Calcareous

CeMENE, cocoececcsccscoscoscccrsosossssssnscsse 0.9
Sandstone, dark red-orange, very fine-grained,

argillaceous, arkosic, friable massive. Grains

subrounded. .ceceeseecscccesosscccccscoscscasass 21.5

Congldmerabe, light gray to yellow orange, arkosic,
friable. Pebbles up to 2 inches. Calcareous

cemento0.0‘..000&0.000.00...000.00oo-'olouoo.o. 0.6

Conglomerate interbedded with sandstone. Con-

glomerate, dark orange to maroon, arkosic. Sub-

angular to subrounded cobbles up to 6 inches.
Massive-bedded up to 15 feet thick. Cross-

bedding well developed. Channeling common.

Sandstone, dark orange, coarse grained. Grains

subangular. Calcareous cement. Thin~ to

massive-bedded up to 3 feet thick. Cross-bedded
IoCallyeeeeoseecsccooscosossosossescocoascacanase 192.9



80.

79.

78.

7.

76.

75.

74.

73.

72.

Coveredinterva]..oa..o...o.o.o..oooo.Ooc00000...

Conglomerate interbedded with sandstone. Con-
glomerate, dark orange to maroon, arkosic. Sub-
angular to subrounded cobbles up to 6 inches.
Massive-bedded up to 15 feet thick. Cross-
bedding well developed. Channeling common.
Matrix coarse-grained sand, Calcareous cement.
Sandstone, dark orange, coarse grained, Grains
subangular. Calcareous cement. Thin~ to
massive-bedded up to 3 feet thick. Cross-bedded

locally.0.0000'.00.oooo.noo.o.o'.o..'o.o’-oDoo.t

Covered interval.ttoooooooboovo....o.ooo.o.'.o‘.

Conglomerate, dark orange to maroon, light gray
locally, arkosic, well cemented. Grains subangu-
lar to subrounded. Calcareous cement. Cobbles
up to 4 inches. Matrix coarse-grained sand.
Massive-bedded with cross-bedding prominent.....

Conglomerate, light gray to maroon, arkosic,
friable, thick-bedded. Cobbles up to 3 inches.
Calcareous cement. Grades into coarse-grained
sandstone in the upper 3 feet. Channeling and
cross-bedding common..... cheseasiecaraeesanaes

Sandstone, dark orange to maroon, coarse-grained,
friable, argillaceous, massive. Grains subangular.
Calcareous cement.....cc.u. .. et eesneeeesasanaas

Conglomerate, light gray to maroon, arkosic, fri-
able, thick-bedded. Cobbles up to 3 inches.
Calcareous cement. Channeling and cross-bedding

Conglomerate, light gray to maroon, friable, thick-
bedded. Cobbles up to 4 inches. Matrix coarse-
grained sand. Calcareous cement. Cross-bedding
COMMON. ¢ e eovssecnsoccssssssnssssnnns chieieaens

Sandstone, dark orange to maroon, coarse-grained,
friable, argillaceous, massive. Grains sub-
angular. Calcareouscement..........ccoviueunns
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71.

70.

69.

68.

67.

66.

65.

64.

63.

Conglomerate, dark orange to maroon, friable,

thick bedded. Pebbles up to 2 inches. Matrix coarse-
grained sandstone. Calcareous cement. Cross-

bedding and channeling common....... PN . 7.4

Conglomerate, light orange to dark red, arkosic,

massive. Boulders up to 1.5 feet. Calcareous

cement. Some gradational bedding with finer

grained material towards top. Channeling and

cross-bedding well developed. Some lensing....... 104.2

Conglomerate, light orange to dark maroon,

arkosic, well cemented. Calcareous cement.

Cobbles up to 4 inches. Cross-bedding well
developed.......... Cireecsneennianns eeeesesees 60.4

Conglomerate, light orange to maroon, arkosic,

massive. Boulders up to one foot. Calcareous

cement, well to loosely cemented. Thin shaly

partings. Some channeling at base....... ceeeaeees 2.1

Sandstone, light gray-green to dark maroon,

coarse~grained, argillaceous, micaceous,

Calcareous cement, well to loosely consolidated.

Irregular thin wavy bedded......ooovvvvinennenns 11.7

Conglomerate, light orange to maroon, arkosic,

thick- to massive-bedded. Cobbles up to 4 inches.
Calcareous cement, well to loosely cemented. Thin

shaly partings. Some channeling at base.......... 13.4

Sandstone, light to dark red-orange, very coarse-
grained, arkosic, thin-bedded. Stringers light
gray-green shale. Small conglomerate lenses..... 27.6

Conglomerate, light orange to maroon, arkosic,

thick- to massive-bedded. Cobbles up to 4 inches.
Calcareous cement, well to loosely cemented. Thin

shaly partings. Some channeling at base.......... 11.0

Conglomerate, light gray-green to dark red-orange,
argillaceous, arkosic, loosely cemented, massive.

Cobbles up to 6 inches. Becomes coarser grained

towards top. Cross-bedded locally................ 12.4



62.

61.

60.

59.

58.

57.

56.

55.

54.

53.

Covered interval.....coevvuune Ceceecnnnene ceeaen

Conglomerate, light to dark red-orange, arkosic,
massive. Subangular pebbles up to one inch. Well
consolidated, calcareous cement. Small cross-

Sandstone, light to dark red-orange, arkosic,
micaceous, thin-bedded. Grains subangular

to subrounded. Loosely to well consolidated.
Locally conglomeratic. Well developed cross-
bedding....ocvveriviaieecanennns Ceieseesteneaan

Conglomerate, light to dark red-orange, arkosic,
massive. Subangular pebbles up to 2 inches. Well

consolidated, calcareous cement. Small cross-

Covered interval.....eeeeeevereenenseennns cevenn

Conglomerate, light to dark red-orange, arkosic,
friable. Subangular cobbles up to 6 inches.

Well to loosely cemented, calcareous cement.
Massive bedded up to 16 feet. Small cross-
bedding locally. Channeling at base..............

Conglomerate, light to dark red-orange, friable,
massive. Subangular cobbles up to 4 inches. Calc-
areous cement. Grades upward into coarse-grained
sandstone......... Sttt esacessenaanssnaseenes

Covered interval...o..ivieienereiinserocnconnaanss

Sandstone, light orange to maroon, coarse-grained,
micaceous, friable. Grains subangular to subround-

ed. Calcareous cement, loosely to well consolidated.

Conglomerate stringers and lenses.......cevvue...

‘Conglomerate, light to dark red-orange, arkosic,

massive. Subangular to subrounded cobbles up to
4 inches. Calcareous cement, well cemented......
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52. Covered interval...... Cesereteienan Cereserecans .

51. Conglomerate, light to dark red-orange, arkosic,
massive. Boulders up to one foot. Calcareous ce-
ment, well cemented. Prominent cross-bedding.
Massive-bedding varies from 6 to 12 feet. Each
unit is coarse conglomerate at the base and be-
comes finer grained towards the top of the unit.....

50. Covered interval............ e ettt

49. Conglomerate, light to dark orange, massive.
Boulders up to one foot. Grades upwards into
granule conglomerate. Calcareous cement, well
cemented. Matrix coarse-grained sand...........

48. Conglomerate, orange to dark red, arkosic, friable,
thick massive-bedded. Cobbles up to 4 inches.
Calcareous cement, well to loosely cemented.
Cross-bedding small and poorly developed.........

47. Conglomerate, orange to maroon, arkosic, friable,
massive. Subangular to subrounded cobbles up to
4 inches. Calcareous cement, loosely cemented. ..

46. Conglomerate, orange to maroon, arkosic, massive.

Subangular to subrounded Fremont cobbles up to
4 inches. Calcareous cement, well cemented......

45, Sandstone, chocolate red to maroon, fine- to
coarse-grained, argillaceous, micaceous, arkosic,
friable, massive. Calcareous cement, loosely
cemented. Conglomerate lenses locally...........

44. Conglomerate, orange to maroon, arkosic. Sub-
angular to subrounded pebbles; cobbles up to 6
inches. Calcareous cement, well cemented. Thick
massive-bedding up to 5 feet. Small cross-bedding.
Argillaceous, sandstone partings up to 6 inches....

43. Sandstone, chocolate brown to maroon, fine- to
coarse-grained, argillaceous, micaceous, friable.
Grains subrounded. . . e ot ittt iet i et ennn
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42.

41.

40.

39.

38.

37.

36.

35.

Conglomerate, orange to dark red, arkosic,
massive. Cobbles up to 4 inches; subangular to
subrounded pebbles. Calcareous cement; loosely
cemented in upper 4 feet, well cemented in base....

Sandstone, dark red to orange, weathers dark red,
fine- to medium-grained, micaceous, friable,
argillaceous, arkosic. Grains subangular to sub-
rounded. Calcareous and ferruginous cement.

Thin stringers red-orange, arkosic, well cemented,
conglomerate with cobbles up to 3.5 inches........

Conglomerate, reddish orange to maroon, arkosic,
massive. Fremont cobbles up to 3.5 inches. /
Subangular to subrounded pebbles. Matrix coarse
sand. Calcareous cement, well cemented....... .

Sandstone, dark red to maroon, fine- to medium-
grained, friable, micaceous, argillaceous, arkosic,
massive. Subangular to subrounded grains. Cal-
careous and hematitic cement....... Cecseraenaans

Conglomerate, pink to orange, arkosic, massive.
Pebbles subangular to subrounded; Fremont cobbles
up to 6 inches. Calcareous cement, well cemented. .

Sandstone, dark red to gray, fine- to coarse-
grained, argillaceous, thin-bedded. Grains sub-
rounded. Ferruginous staining. Calcareous cement.

Conglomerate, orange to maroon, thin-bedded. Cal-

‘careous cement, well cemented. Gradational, be-

coming finer grained at top. Small cross-bedding
inupper 3feet......cvovvienn.n. Ceteessiaetnenen

Sandstone, dark red to tan, fine- to medium- grained,
argillaceous, loosely cemented, thin-bedded.
Grains subrounded. Ferruginous staining..........

Sandstone, dark red to orange, weathers dark red,
medium- to coarse-grained, friable, massive.
Grains subrounded. Calcareous and hematitic
cement. Scattered iron nodules. Small cross-
bedding......oovvvviiiinineennann.
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33.

Devonian ?

Conglomerate, orange to yellow, massive. Williams
Canyon and Fremont cobbles up to 4 inches. Well
cemented, calcareous cement.....coconeceecenaans

Williams Canyon (15.8 feet)

32.

Ordovician

Limestone, varicolored, white to yellow to gray to
purple, weathers same, finely crystalline.
Arenaceous in upper 5 feet. Thin~-bedded with

thin laminations...........cciiiiiiiiiiiiiine

Fremont Formation (126.3 feet)

31.

30.

29.

28.

Limestone, buff to gray, finely to coarsely
crystalline, dolomitic, thin-bedded. Scattered
chert nodules. Abundant crinoid stems and plates.
Pit and cuspweathering. ......occvvevivneennnes

Limestone, buff to gray, weathers buff, finely to
coarsely crystalline, dolomitic, massive. Scattered
gray to yellow chert nodules. Pit and cusp weather-

ing. Vuggy porosity locally.........ccovvevvennn.

Limestone, buff to gray, weathers buff, finely to
coarsely crystalline, dolomitic, massive. Gray to
purple chert nodules. Discontinuous bedding planes.
Pit and cusp weathering. Vuggy porosity locally.
Abundant Receptaculites Sp...evereieerienenennnn

Limestone, buff to maroon, finely to coarsely crystal-
line, dolomitic, massive. Manganese zone in bottom'
one foot. Pit and cusp weathering. Vuggy porosity
locally. Abundant Receptaculites sp...........0..

Harding Formation (128.5 to 129.8 feet)

27.

Conglomerate, maroon, loosely consolidated. Hard-
ing and Fremont pebbles up to 2 inches. Appears
to be highly weathered..................... ceeens
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26.

25.

24.

23.-

22.

21.

20.

19.

18.

17,

16.

15.

14‘

Sandstone, white to yellow to maroon, very fine-
grained, friable, thin-bedded. Shaly partings.
Abundant fish plates, particularly along the

shale partings............... srevasoes ceeaeaaees

Covered interval.....ceeeevenne W eeeetacecnearane

Sandstone, white to yellow, very fine-grained,

friable, slightly calcareous........coeeveuvuneens

Coveredinterval......coceviivieecencneceacnncens

Sandstone, white to light pink, weathers tan to
pink, very fine-grained, friable, thin-bedded.
Calcareous cement.. Abundant fish plates,
particularly along bedding planes.......cecvuuenn.

‘Sandstone, light green to pink, very fine-grained,

friable, argillaceous, soft, massive. Calcareous
(67310 1=) o | eecesncasanranennna

Sandstone, ‘'white to pink, weathers pink, very fine-
grained, slightly calcareous, friable,‘ massive.....

Sandstone. interbedded with shale. Sandstone, pink,
very fine~-grained, slightly calcareous, thin-bedded.
Shale, light pink, arenaceous crumbly......... ceen

Sandstone, white to pink to maroon, weathers tan
to pink, very fine-grained, calcareous cement,
thin-bedded. Shaly partings. Abundant fish plates

‘along partingsS.e..oceieciinrccecanns ctertecrenoan

Limestone, white to purple, thin-bedded. Fish
plates composed over 75 percent of unit...........

Sandstone, white to light pink, weathers white,
very fine-grained, massive, calcareous cement....

Covered Interval. .. .cveeeeieeeneeacenonoonnannens

Sandstone, white, very fine-grained, calcareous
cement, Massive........ciiiiiiiiiiiiiiiiiaa.,
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-13.

12.

11.

10.

70

Covered interval. . . ........................... 2.3

Sandstone, white to light pink, very fine-grained,
calcareous cement, thin-bedded. Scattered iron
nodules. Shaly partings.......cc.cvvveeecennnns . 5.4

Sandstone, light green to maroon, very fine-grained,
friable, thin-bedded. Thin, maroon, arenaceous, shaly
S22 o 2T < 1.2

Sandstone, white to yellow to pink, weathers tan
to yellow, very fine-grained, friable, calcareous
cement, thin-bedded. Shaly partings.:............ 18.4

Coveredinterval.........cioiiiiieiinnnnnennns 9.3

Conglomerate, white to light pink, weathers white,
massive. Granules and pebbles subangular to sub-

rounded. Matrix coarse-grained sand. Becomes 2.5
finer grained towards top. Minor channeling at to
o 1< - T 3.8

Manitou Formation (52.0 to 52.6 feet)

70

Dolomite, purple to dark red to white, weathers

orange to maroon, finely to coarsely crystalline,

thin-bedded. Argillaceous and arenaceous in

upper 6 feet. Wavy bedded in upper 5 feet. Scat-

tered white to pink chert inclusions. Pit and

cusp weathering locally.......covvieeniinninnns 15.8

Dolomite, purple to dark red to white, weathers

orange to maroon, fine- to coarse-crystalline,
massive-bedded. Scattered white to pink chert

inclusions. Pit and cusp weathering locally........ 12.3

Dolomite, purple to dark red, weathers orange to
maroon, fine- to coarse-crystalline, thin-bedded,
Irregular white to pink chert nodules.......ccvce.. 4.6

Dolomite, purple to dark red, weathers orange to

maroon, fine- to coarse-crystalline, massive.

Irregular white to pink to purple chert stringers

up to 3 inches thick. Few discontinuous bedding
planes....... e 13.1



Precambrian

1,

Dolomite, purple to dark red, weathers maroon,
coarsely crystalline, argillaceous, arenaceous,
massive. Irregular white to purple chert string-
ers and nodules up to 2 inches thick.............. .

Soil zone, contains numerous weathered Pre-
cambrian fragments. Dolomitic cement locally....

Precambrian, Pikes Peak Granite

71

Locality 2. Section measured along intermittent stream bed from NE 1/4,
SE 1/4, Sec. 24, T. 18S., R. T1 W. to SE 1/4, NW 1/4, Sec. 19,
T. 18S., R. 70 W.

‘Pennsylvanian

Thickness

Fountain Formation (274.2 feet, incomplete, top covered)

61.

60.

59.

58,

57.

Conglomerate, orange, arkosic, friable, massive.

" Subangular to subrounded cobbles up to 5 inches.

Calcareous cement, loosely cemented. Channeling
at base, Cross-bedded locally.......... Ceeseesns

Shale, orange, blocky, arenaceous, slightly
calcareous, hematitic locally.....ccoevevreeccasenn

Conglomerate, orange, arkosic, massive. Subangu-
lar to subrounded pebbles up to 2 inches. Cal-
careous cement, loosely cemented......... ceeeene

Shale, orange, blocky, arenaceous, slightly
calcareous, hematitic locally........ ceeessssesaas

Conglomerate, ‘orange, weathers orange to gray,
arkosic, thin-bedded. Subangular to subrounded
pebbles up to 3 inches; mostly quartz and other
Precambrian rocks. Matrix coarse-grained sand.
Calcareous cement. ...coceeveenncenss ceecenecnns .

Feet

25.4
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56.

‘85,

54.

53.

52,

51.

50.

49,

Sandstone, light green to orange, coarse-grained,

arkosic, micaceous, thin-bedded. Grains subangular

to subrounded. Slightly conglomeritic locally.
Calcareous cement. Small cross-bedding locally...

Conglomerate, light gray to orange to maroon,
arkosic, massive. Cobbles of Fremont Limestone
up to 6 inches. Matrix fine conglomerate. Cal-
careous cement, well to loosely cemented.........

Conglomerate, orange to light green, weathers
orange, arkosic, thick- to massive-bedded.
Fremont boulders up to 2 feet; cobbles of Pre-
cambrian rocks; pebbles of Manitou. Calcareous
cement, well to loosely cemented. Small cross-
bedding locally..cecevecsneess cieessasessesaseas

Conglomerate, light gray to orange to maroon,
arkosic, massive. Boulders of Fremont Lime-
stone up to one foot; cobbles of Precambrian rocks.
Calcareous cement, well to loosely cemented......

Sandstone, orange, coarse grained, friable,
arkosic, massive. Subangular to subrounded
grains. Locally grades into conglomerate.
Channeling into underlying conglomerate. Cross-
bedded locally........ cecsesns Ceeseticesetennnee

Conglomerate, orange, arkosic, friable, micaceous,

massive. Pebbles of Manitou, Harding (?), and
Fremont up to 2 inches. Channeling into underlymg
sandstone. Calcareous cement. cooeensncecsannnas

Sandstone, light green to maroon, weathers orange,

arkosic, fine- to coarse-grained, micaceous, friable,
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argillaceous, massive. Grains subangular to subrounded.

Calcareous CEMENt. ccceeeeeeescecocsscossnocsssas

Conglomerate, orange, arkosic, friable, micaceous,
massive. Pebbles of Manitou, Harding, and Fremont

up to 3 inches. Sorted bedding with finer grains
towards top. Calcareous cement. Cross-bedded...
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48,

47,

46,

45.

44,

Devonian ?

Covered interval. cceevveeeeeroaccnness ceeesesans

Conglomerate, orange, arkosic, friable, micaceous,
massive. Pebbles of Manitou, Harding (?), and
Fremont up to 2 inches. Channeling at base. Well
developed cross-bedding. Calcareous cement......

Sandstone, white to maroon, .fine- to coarse-grained,
very argillaceous, micaceous, arkosic, friable,
massive. Calcareous cement, loosely cemented....

Sandstone, white to maroon, coarse-grained, friable,
micaceous, arkosic, massive. Locally grades into
fine conglomerate. Grains subangular to subrounded.
Calcareous cement, loosely cemented. Cross-
bedded......ovvuaeunnn. Ceeeienenas Ceeeeteeneaans

Conglomerate, white to maroon, friable, arkosic,
micaceous, argillaceous, massive. Angular to
subrounded pebbles of Fremont and Williams
Canyon up to 2.75 inches. Calcareous cement,
loosely cemented........... Ceateeceenacen ceeeene

Williams Canyon Formation (51.1 feet)

43.

42.

41.

Limestone, light gray, cryptocrystalline, arenace-
ous, slightly dolomitic thin-bedded. Medium
quartz grains are angular to subrounded. Calcite
lined fractures and vugs. Pit and cusp weathering
locallye eoveenenineineneeennnnnns cocevessnsesens

Limestone, gray to pink, weathers buff to pink,
finely crystalline, very arenaceous, argillaceous,
thin-bedded. Some brecciation and recementation
oftl}f: limestone...coeeveeenennns tesvecscenssenns

Limestone, light gray, cryptocrystalline, slightly
dolomitic, thin-bedded. Calcite lined fractures
and vugs. Pit and cusp weathering locally.........
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40.

39.

38.

37.

36.

Ordovician

Sandstone, white to purple, weathers pink, fine- to

medium-grained, calcareous cement, thin-bedded. .

Limestone, gray to pink, weathers buff to pink,
finely crystalline, very arenaceous, argillaceous,
thin-bedded. Some brecciation and recemen-

tation Of the ljmestoneo 0000000 o0 e’es 00 0evecese LI Y

Limestone, gray to pink, weathers buff to white,
finely crystalline to cryptocrystalline, dense,
slightly dolomitic, thin-bedded. Wavy banding

of colors. Pit and cusp weathering locally........

‘Limestone, gray to tan to maroon, weathers buff

to maroon, finely crystalline to cryptocrystal-
line, dolomitic, thin-bedded. Wavy color band-
ing. Calcite filled fractures. Argillaceous
partings. Pit and cusp weathering locally.........

Limestone, gray to tan to maroon, weathers buff
to maroon, finely crystalline to cryptocrystal-

line, dolomitic. Cobbles of Fremont up to 8 inches.
Pit and cusp weathering......ocveeenvececans cenas

Fremont Limestone (351.1 feet)

Priest Canyon Member (175.5 feet)

35.

33.

Limestone, gray to tan to light maroon, weathers
buff to maroon, finely crystalline, very dolomitic,
argillaceous, thin-bedded. Calcite lined vugs.

Pit and cusp weathering........... seetseecantanans

Limestone, light gray, weathers buff, cryptocrys-
talline to finely crystalline, very dolomitic,

argillaceous, massive. Brecciated and recemented.

Varigated chert inclusions. Pit and cusp weather-

Limestone, gray to tan to pink, weathers buff
to pink, finely crystalline, very dolomitic,
argillaceous, thin-bedded. Wavy color banding
locally. Scattered varicolored chert inclusions.

Few brachiopods. Pit and cusp weathering.........
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32. Limestone, gray to tan to pink, weathers buff
to pink, finely crystalline, very dolomitic,
massive. Scattered varicolored chert inclusions.
Few brachiopods. Pit and cusp weathering....... .

31. Limestone, gray to tan, weathers buff, fine-
to coarse-crystalline, very dolomitic, thin-bedded.
Highly brecciated and recemented. Varicolored
chert inclusions. Abundant crinoid stems, and few
brachiopods. Pit and cusp weathering......ce0c... .

30. Limestone, pink to white, finely crystalline,
argillaceous, soft, thin-bedded. Wavy: color band-
ing locally. Varigated chert inclusions. Few
brachiopods....... seesecssonssnenss cheranaas

29. Limestone, gray to tan, weathers buff, finely to
coarsely crystalline, very dolomitic, thin-bedded.
Highly brecciated and recemented. Varicolored
chert inclusions. Abundant crinoid stems; few
brachiopods, Receptaculites sp. and corals. Pit

. and cusp weathering........ Certeesresiensttneanaas

Massive Member (175.6 feet)

28. Limestone, light tan, weathers tan to buff, finely
crystalline, dolomitic, massive. Highly brecciated
and recemented. Varicolored chert inclusions.
Abundant crinoid stem and corals; few brachiopods
and Receptaculites sp. Pit and cusp weathering....

27. Limestone, light tan to pink, weathers buff, cryp-
tocrystalline to coarse~crystalline, very dolomit-
ic, massive. Highly brecciated and recemented.
Varicolored chert nodules. Discontinuous bedding
planes. Abundant crinoid stems; few corals, brachi-
-.opods, and Receptaculites sp. Pit and cusp
weathering....ooveveennns Gecereseresessssersssaa

26. Limestone, light tan, weathers buff, coarsely crys-
talline, very dolomitic, massive. Highly brecciated
and recemented. Small quartz lined cavities.
Manganese zone in the bottom one foot. Abundant
Receptaculites sp., Halysites, and other corals....
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Harding Sandstone (98.3 feet)

25.

24'

23.

22.

21.

20.

19.

18.

17.

16.

15.

Shale, red to orange, weathers dark red, flaky
to platy, arenaceous at base........ cescsvss seeee

Sandstone, orange to pink, weathers orange, very
fine-grained, argillaceous, calcareous, friable,
thick-bedded. Scattered fish plates......... crenes

Sandstone, yellow to lavender, very fme—gramed
friable, thick-bedded.......cccovevevieiiinienss

Sandstone, orange, very fme-gramed arglllaceous,
friable, soft, massive....... Cteciasescescacanans

Sandstone, lavender, very fine-grained, friable,

massive. Calcareous cement, loosely cemented....

Sandstone, white, weathers white to orange, very
fine-grained, friable, thin-bedded. Calcareous

cement, loosely cement......... cevsense cericnaen

Sandstone, white to pink, weathers gray to orange,
very fine-grained, argillaceous, calcareous, fish
plates, massive........ eeeanecessas ceescesensans

Sandstone, white, weathers gray, very fine-grained,

calcareous cement, friable, massive....cevev0eene

Sandstone, white to light green, weathers light
green to pink, very fine-grained, friable, thin-
bedded. Argillaceous partings. Fish plate layer

0. 3 foot thick. 2.4 feet from top Calcareous
cement. cooiiiiiiiiii it i e e ceeiaens

Sandstone, white, weathers gray, very fine-grained,
-friable, thick-bedded. Calcareous cement, poorly

cemented. ... oottt iiiii it feeaan

Sandstone, white to light green, weathers light
green to pink, very fine-grained, friable, thin-

bedded. Argillaceous partings. Calcareous cement. .
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14.

13.

12.

11.

10.

Shale, maroon to light green, weathers maroon,
splintery to flaky, fissile, arenaceous, soft.
Abundant fossils, fish plates, Maclurites?, Lepro-.
ditia?; fossils particularly abundant at top and

Sandstone, light green, very fine-grained, friable,
calcareous cement, fucoids, massive.............

Sandstone, lavender to light green, weathers lav-
ender, very fine-grained, friable, soft............

Sandstone, light green, very fine-grained, calcare-
ous, friable, thin-bedded. Argillaceous at top and

Sandstone, lavender to light green, weathers lavender,
very fine-grained, friable, soft.......... ceceaiaes

Sandstone, alternating light green and maroon
bands, very fine-grained, slightly calcareous,
very-argillaceous, massive....... Ceesetrenaenans

Sandstone, white to orange, weathers gray to green,
very fine-grained, calcareous cement, thick-bedded.
Iron nodules. Algal structures??.................

Sandstone, white, weathers gray to pink, very fine-
grained, thin-bedded, argillaceous...............

Sandstone, purple to light green, weathers purple,
very fine-grained, calcareous, argillaceous, thin-

bedded. . ... cvriireereeneieecnanacsonenenaannenes '

Sandstone, light green, very fine-grained, friable,
thin-bedded. Argillaceous bedding planes. Calcare-
OUS CEMENt. ¢ cvevvereerenocsssnennccanssasnansas

Shale, light green, platy to blocky, fissile,

Shale, light brown to maroon, platy to splintery,
fissile, soft...cocvivuiiii it

Sandstone, white, weathers gray, fine- to coarse
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78

grained, friable, massive. Grains subrounded to
subangular. Calcareous cement......c.vecuveevens 3.2

Shale, purple to light yellow, arenaceous, platy to
nodular, fissile. Quartz grains subangular to
subrounded......cciiuiiiinannn EEE R 0.9

Locality 3. SW 1/4, NW 1/4, Sec. 32, T. 18 S., R. 70 W. across highway
from prison farm.

Thickness
Feet
Pennsylvanian
Lykins Limestone (0.4 feet)
6. Limestone, light gray, finely crystalline, thin-
bedded, arenaceous. Thin laminations, varve
IHKe. v eviiitinrsieneensnnsenssensencsnacnasnsaas 0.4
Pennsylvanian
Fountain Formation (171.0 feet incomplete)
5. Shale, light green to yellow, platy to flaky,
slightly arenaceous, fissile, soft............ e 0.7
4. Conglomerate, tan to light orange, weathers
gray, calcareous cement. Pebbles up to 1.75 inches.
Pebbles subangular to subrounded...........o00... 0.9
3. Shale, light green to orange, weathers orange, platy
to blocky, slightly calcareous, soft, crumbly....... 3.5
2. Conglomerate, orange, calcareous cement. Subangular’
to subrounded pebbles up to 2 inches. Thin-bedded,
cross~bedding small........ooiiiiiieiiinnennann. 3.6
1. Conglomerate, orange to light green, very argillaceous

matrix. Subangular to subrounded pebbles up to 2
inches. Loosely consolidated. Small cross-bedding
locally.eieeevenneannnn, e eieeeteteit et ieeeaanns 162.3



Locality 4. SW 1/4, SW 1/4, Sec. 29, T. 18 S., R. 70 W., east side of
U. S. Highway 50 back of Lamp House.

79

Thickness
Feet
Jurassic
Morrison Formation (154.9 feet, incomplete)

25. Shale, gray-green, blocky, calcareous, soft....... 25.1
24. Sandstone, light green, weathers light green to

tan, fine-grained, calcareous cement, massive.... 3.2
23. SHaIe, gray-green, blocky, calcareous, soft....... 3.2
22. Sandstone, light green, weathers light green to

tan, fine-grained, calcareous cement, massive.... 1.5
21. Shale, light green; platy to splintery, fissile,

arenaceous, arkosSiC. .. i veveeneeeneeceeraneoonns 4.2
.20. Sandstone, light gray-green, fine- to coarse-grained,

arkosic, calcareous cement, massive. Grains

subrounded. Scattered granules of feldspar..... e 1.4
19. Shale, light green, platy to splintery, fissile,

calcareous. Granules and grains of feldspar....... 1.2
18. Conglomerate, light green, weathers gray-green,

very arkosic, friable, massive. Argillaceous

in upper half. Gradational bedding, finer towards

top. Calcareous cement, loosely cemented....... 4.2
17. Shale, light green to maroon, platy, f1ss11e,

soft, arkosic granule inclusions.................. 3.5
16. Conglomerate, light green, argillaceous, friable,

thin-bedded. Calcareous cement, loosely cemented... 0.3
15. Shale, light green to maroon, platy, fissile,

soft, arkosic granule inclusions.......cocvevvnnnn. 1.6



14,

13.

12.

11.

10.

Conglomerate, light green, argillaceous, friable,
calcareous cement. . o vt ittt

Shale, light green to maroon, platy, fissile,
soft, arkosic granule inclusions......cevcveeennn.

Conglomerate, light green, very arkosic, argil~
laceous, cross-bedded. Angular to well-rounded
pebbles up to 2 inches. Calcareous cement, loosely
cemented. ... vietiiiietieeancetteeecniteoneeons

Sandstone, dark maroon, weathers reddish tan,
coarse-grained, very arkosic, argillaceous, thin-
bedded. Interbedded with strmgers of pink to light
green conglomerate........oeiviennecrinnnnennn .

Conglomerate, pink to light green, friable, very
arkosic, thin-bedded. Cobbles of schist, granite,
feldspar, and quartz up to 5 inches. Matrix coarse-
grained sandstone. Stringers sandstone locally.....

Sandstone, dark maroon, weathers reddish tan,
very arkosic, argillaceous, friable................

Conglomerate, pink to light green, friable, very
arkosic, thin-bedded. Cobbles of schist, granite,
feldspar, and quartz up to 5 inches. Matrix coarse-
grained sandstone. Stringers sandstone locally.
Well developed cross-bedding............. Pereaees

Sandstone, light green, fine- to coarse-grained,
very arkosic, massive. Grains angular to well
rounded. Few quartz and feldspar pebbles up to
1.5 inches. Calcite lined fractures...............

Conglomerate, pink to light green, weathers light
green, calcareous cement, thin-bedded. Angular
to subrounded pebbles up to one inch. Small cross-
bedding locally.....coeeiieniieneninnnnrnneennans

Sandstone, light green to pink, medium to coarse-
grained, very arkosic, calcareous cement, thin-
bedded. Conglomeritic locally with pethies up

‘to 0.5 inch. Ripple marks at top. Small cross-

bedding well developed. Channeling locally........
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81

4. Sandstone, light green, very argillaceous, fnable
calcareous cement, wavy bedding......... Cereeanes 0.4

3. Sandstone, light green to pink, medium- to coarse-
grained, very arkosic, calcareous cemént thin-
"bedded. Cross-bedded locally. Conglomentw
T2 1 O 10.8

2. Sandstone, light green to pink, weathers light
green, fine- to coarse-grained, very argillaceous,
arkosic, calcareous cement, friable. Grains sub-
rounded to well-rounded. ... ..ocvivinnnnneneennns 1.1

Permian
Lykins Formation (0.3 to 1.9 feet)

1. Limestone, light gray, weathers white, fine-grystal-
line, arenaceous wavy laminated bedding. Locally 0.3
brecciated and recemented...... e setieitanans to 1.9

Locality 5. Along Skyline Drive road from NW 1/4, NW 1/4, Sec. 20,
T. 18 S., R. 70 W. to SE 1/4, SW 1/4, Sec. 29, T. 18S., R. T0 W.

Thickness
Feet

Cretaceous
Niobrara Formation (31.8 feet, incomplete)
Fort Hays member (31. 8 feet)

105. Limestone, light gray, weathers white, to
cryptocrystalline, finely crystalline, argillaceous,
stylolitic, thin-bedded. Interbedded with light
gray, blocky, calcareous shale. Abundant
fragments of Inoceramus . ...ccovvvieeneninenenn. 27.5

104. Shale, light gray, weathers buff, blocky to platy,
very calcareous, soft..............oo it .o 1.4

103. Shale, light yellow tan, blocky to platy, arena-
ceous, calcareous, SoOft......cccvieiiiiiiiiinanas 2.9



Carlile Shale (143.5 feet)

Codell Sandstone member (4.0 feet)

102.

101.

Sandstone, light brown to light gray, weathers

tan, fine-grained, very calcareous, argillaceous,
calcite crystals, carbonaceous material, thin-
bedded. Thin discontinuous shale stringers.
Sharks' teeth and fragments of brachiopods and
pelecypods abundant....... etessectsenatesernnane

Sandstone, light brown, weathers rust brown,
fine-grained, calcareous, calcite crystals,
carbonaceous material, thin wavy bedded. Sharks'
teeth and other fossil fragments abundant..........

Blue Hill Shale member (76.1 feet)

100.

99.

98.

97’

Shale, light brown to dark gray, weathers light
gray, platy to blocky, fissile. Ferruginous
staining. Anhydrite crystals.............v0vvu.sn

Limestone, rust tan to light gray, weathers
yellow white, nodular, finely crystalline,
argillaceous, soft. Anhydrite crystals...........

Shale, light brown to dark gray, weathers light
gray, platy to blocky, fissile. Ferruginous
staining. Anhydrite crystals...........ccovunnn.

Shale, dark gray to black, weathers dark gray,
platy to flaky, fissile, soft. Ferruginous
staining. Anhydrite crystals.........ccviiiennns

Fairport Chalky Shale member (63.4 feet)

96.

Shale, light gray to yellow-gray, weathers yellow-
gray, platy to flak’ to blocky, very calcareous,
fissile, soft. Clayey locally. Stringers of
anhydrite....coveiiiiiiiiieniiriiirenineiannnns

82

2.1

1.9

21.0

0.6

11.0

43.5

63.4



Greenhorn Limestone (38.1 feet)

95. Limestone, light bluish gray, weathers buff to
white, cryptocrystalline to finely crystalline,
dense. Interbedded with calcareous, gray shale.
Abundant Inoceramus sp. fragments...............

Graneros Shale (231. 3 feet)

94. Shale, light gray-brown, weathers yellow-gray,
platy, very calcareous, arenaceous. Stringers
‘light gray, finely crystalline, shaly limestone......

93. Limestone, light gray, weathers light blue gray,
finely crystalline, arenaceous, blocky,
argillaceouS. . civiievserarcoettanrrocenncncssne

92. Shale, light gray-brown, weathers yellow-gray,
platy, very calcareous, arenaceous. Stringers
light gray, finely crystalline, shaly limestone......

91. Shale, light to dark gray, flaky to platy, fissile,
soft, slightly calcareous.........coviievvnnninns

90. Limestone, light gray to dark gray, finely crys-
talline, arenaceous, argillaceous, thin-bedded.....

89. Shale, light to dark gray, weathers light gray,
platy to blocky, fissile.......ovvviiiiiiivennnn.

88. Shale, dark gray to black, flaky to platy, fissile...

87. Shale, light gray to black, weathers light blue-
gray, platy to blocky, fissile. Stringers of
tan, ferruginous silt....... ..ottt

86. Limestone, light yellow-gray, weathers rust
brown, finely crystalline, argillaceous. Cone-
in-cone structure.........ciiiieieinriiiiiennnnas

85. Shale, medium to dark gray, weathers light blue~
gray, platy to blocky, fissile locally. Stringers
of tan siltstone and gray clay........covveiviinenn

84. Shale, dark gfay, weathers tan, very calcareous,
blocky, brittle........... teriecestretasannaaans



83. Shale, dark gray to black, weathers light blue
to tan, platy to flaky, fissile, carbonaceous,
arenaceous locally, carbonaceous flakes, brittle.
Ferruginous staining locally........ e

82. Shale, light to dark gray, weathers light gray,
platy to blocky, fissile locally, soft...............

81. Shale, light to dark gray, weathers blue-gray,

platy, fissile, arenaceous. Ferrug:‘.nous staining...

Dakota Sandstone (81.2 feet)

80. Shale, light gray to black, platy to blocky,
fissile, arenaceous. Interbedded with stringers
of dark gray, argillaceous, hard sandstone........

79. Sandstone, white to yellow tan, medium-grained,
friable, calcareous cement, thin-bedded. Grains
well rounded. Argillaceous partings. Ripple
marks on the upper surface................... e

78. Sandstone, white to yellow tan, weathers light
to dark brown, medium-grained, friable, massive.
Grains well rounded. Ferruginous staining.
Scattered small iron nodules. Small ripple marks
at the top. Liesegang banding locally. Fucoids
abundant near upper surface. Abundant plant
fragments at base and top, few in the middle. Well
‘developed cross-bedding.........cceitiiirnnanann.

77. Conglomerate, tan, weathers light to dark brown,
friable, massive. Matrix coarse-grained, well
rounded sand. Pebbles up to 0.5 inch........ ceens

Purgatoire Formation (106.3 to 120. 8)
Glencairn member (98.3 to 100. 8 feet)
76. Sandstone, light gray to tan, weathers gray, fine-
to medium-grained, ferruginous, well cemented,

thin-bedded. Dark gray shale stringers locally.
Fewfucolds....cooviiiiiniiiininniisnninanannes
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75.

74.

73.

72.

71.

70.

69.

68.

67.

Sandstone, light gray to tan, weathers gray with
yellow-orange ferruginous staining, fine- to coarse-
grained, argillaceous, well cemented, thin-bedded.
Abundant fucoids. Scattered brachiopod molds.....

Sandstone, tan to buff, weathers gray to tan,

fine- to coarse-grained, friable, massive. Ferrug-
inous staining. Calcite lined joints. Calcareous
cement, loosely cemented. Ripple marks on the
upper surface. Discontinuous limonitic and
argillaceous partings. Scattered brachiopod

molds. Cross-bedding well developed..... Ceeeeans

Sandstone, tan to buff, fine- to coarse-grained,
thin- to thick-bedded. Ferruginous staining.
Argillaceous partings. Calcareous cement, well
to loosely cemented. Ripple marks on upper
surface. Fucoids throughout.....................

Shale, light to dark gray, weathers light gray,
platy, fissile, carbonaceous, brittle, calcareous.
Stringers tan, fine-grained sandstone.............

Sandstone, tan to light brown, fine- to medium-
grained, thin~-bedded. Ferruginous staining.
Abundant fucoids. Shale partings.........cceeeeen.

Sandstone, tan to light gray, fine- to medium-
grained, argillaceous, carbonaceous, well cemented,
thin-bedded. Ferruginous staining. Fucoids......

Shale, light to dark gray, weathers light gray,
blocky. Stringers of argillaceous sandstone.
Ferruginous staining........cooeeeneenn.. [

Sandstone, tan to light gray, fine- to medium-
grained, argillaceous, carbnnaceous, friable,
thin wavy bedded. Ferruginous staining...........

Sandstone, tan to buff, very fine- to medium-
grained, friable, carbonaceous. Calcareous,
ferruginous, and silicious cement; poor to well
cemented. Thin discontinuous wavy bedding.
Fucoids abundant, few poorly preserved brachiopod
molds. Cross-bedding small and local............
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66.

65.

64.

63.

62.

61.

60.

59.

580

57.

56.

Sandstone, buff, ver;} fine-grained, carbonaceous,
friable, massive. Ferruginous staining.
Discontinuous shaly partings......... ceeeeaieanes

Sandstone, light gray, very fine-grained, argil-
laceous, carbonaceous, thin-bedded. Ferruginous

Shale, tan to dark gray, platy, fissile, arena-
ceous, carbonaceous. Stringers very fine-grained
ESF 1o T 7 7o) o LY ’

Sandstohe, buff to light tan, very fine- to fine
grained, well cemented, thin-bedded. Liesegang
banding locally. Grains well rounded. Fucoids....
Shale, tan to dark gray, platy, fissile, arena-
ceous, brittle, Sandy stringers locally............

Conglomerate, buff to light gray, weathers tan,
well cemented. Angular to subrounded pebbles
uptooneinCh....c.oivviiiiiiiiiiiiniiiieninnen

Sandstone, white to light gray, fine- to coarse-
grained, friable, massive. Grains well rounded.
Abundant fucoids and plant fragments.............

Sandstone, white to buff, fine- to coarsé—grained,
friable, thin bedded. Graded bedding, coarser

at base. Shale stringers. Fucoids and plant frag-
ments abundant..........c.0i ittt iiiiiiii e,

Shale, light gray brown to dark gray, chunky to

platy, fissile in part, arepaceous. Plant

Sandstone, white to light gray, weathers tan, fine-
grained, friable, calcareous cement, massive.

Abundant plant fragments.........ciiieiiiiiiiin...

Shale, light gray to black, blocky, arenaceous,
soft. Abundant plant fragments; locally lignitic.
Ferruginous staining...........ccoiiiieniinnenan
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Lytle Sandstone member (8 to 20 feet)

55.

Jurassic

Sandstone and conglomerate, white to light gray,
weathers buff to white, loosely cemented, massive.
Angular to subrounded chert pebbles up to 1.5
inches; cobbles of Morrison Sandstone up to 7
inches. Cross-bedding well developed. Abundant
plant fragments in upper 3 feet. Channeling at

Morrison Formation (313.1 to 316. 3 feet, incomplete)

54.

53.

52.

51.

50.

49.

48.

Sandstone, white to light green, weathers light
green, fine- to medium-grained, very argillaceous,

" irregular bedding. Calcareous cement, poorly to

wellcemented. .. coveevriinrenenennns e eeeeean

Sandstone, white, weathers buff, very fine- to
coarse-grained, arkosic, iron nodules, massive.
Grains subangular to well rounded. Calcareous
cement, loosely to well cemented. Cross-bedded..

Sandstone, light gray to green to tan, weathers tan to
buff, very fine-grained, friable, thin-bedded.
Argillaceous bedding planes. Ferruginous

Shale, chocolate brown to purple to light yellow
green, weathers maroon to light yellow green,
blocky, arenaceous. Stringers of sandstone.......

Sandstone, maroon to light tan, very fine-grained,
well cemented, thick-bedded. Interbedded with
light green to chocolate brown, blocky, silty
shale.....ciiiiiiieiiiinieiinreeeioensenonnns

Sandstone, light green, weathers tan, very fine-
grained, well cemented, thin-bedded. Ferruginous

Shale, light green to dark green, weathers light
green, blocky to platy, arenaceous...............

87

[T )

o

to 2

3.2

10.5

9.8

15.4

8.8

3.6

11.2



47.

46.

45.

43.

42.

41.

40.

39.

38.

37.

36.

35.

Sandstone, light purple gray, weathers maroon,
very fine-grained, argillaceous, well cemented....

Sandstone, light purple to tan, weathers purple,
fine-grained, friable, argillaceous, blocky,

thin- to thick-bedded. Grains subrounded to well
rounded. . ittt ittt ot e ot et tcr et s

Sandstone, tan, weathers buff, fine-grained, mas-
sive. Grains subrounded to well rounded. Calcare-
ous and ferruginous cement.......c.e0viiiiiiiin s

Shale, light green to chocolate brown, weathers
maroon to light green, blocky to platy, fissile,
arenaceous, brittle. Interbedded with sandstone,
light tan, very fine-grained, well cemented........

Sandstone, light gray to tan, weathers tan, very
fine-grained, argillaceous, calcareous cement, thin-
bedded. . ..coviiiiiiiiii ittt

Shale, light gray to green, blocky to platy,
clayey, soft......... erieeaeens eteriaeiaenaaas

Sandstone, . light gray to tan, weathers tan,
very fine-grained, well cemented, thin- to thick-

bedded. Grains well rounded. Small cross-bedding....

Sandstone, light gray, fine-grained, very calcare-
ous, argillaceous, massive........ sereseesaenaenas

Limestone, light gray, cryptocrystalline to finely
crystalline, arenaceous, argillaceous, massive.....

Sandstone, light gray-green, very fine-grained,
calcareous, argillaceous, thin-bedded. Grains
subrounded to well rounded. Light green to tan,
platy, soft shale partings........cvivviiiienannn
Shale, light to dark green, blocky, arenaceous.....

Shale, chocolate brown, weathers maroon, blocky
to platy, fissile, soft..........ccviiiiiiiii,

Sandstone, tan to light gray, fine-grained, argil-

88 .
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33.

32.

31.

300

29.

28.

26.

25.

24.

23.

22.

laceous, calcareous cement, thin-bedded. Grains
subrounded to well rounded. Weathers in nodular

Shale, chocolate brown, weathers maroon, blocky
to splintery, fissile, soft.............. ... 0oLt

Shale, light green, blocky, fissile, very arenace-

Sandstone, light gray to tan, very fine-grained,

argillaceous, massive. Calcareous\cement, loose~

lytowellcemented..........oiviiiieiinnnnne.

Shale, dark green to chocolate brown, wea:tliérs
maroon, blocky to platy, arenaceous, fissile......

Sandstone; light green, fine-grained, thin-bedded.
Grains subrounded to well rounded. Calcarecus
cement, loosely to well cemented. Weathers in
nodular IumpS...cccoveieeeirtncicenccrnccnncanas

Shale, light green to maroon, weathers maroon,
platy to nodular, arenaceous....... eteei e

Shale, light green to phocolate brown, weathers .

light green to maroon, blocky to nodular, soft......

Coveredinterval. ... eeeeneeieennenneeens e

Shale, light green to chocolate brown,  weathers
maroon, blocky to platy, fissile, soft.............

Shale, dark green, blocky, calcareous, brittle.....

Limestone, white, finely crystalline, very arena-
ceous, soft. Grains of quartz and feldspar........

Shale, light green, weathers maroon, very arena-
ceous, soft. Locally grades into shaly sandstone.

Grains of quartz and feldspar........ ...co0iin...

Shale, light green to yellow, weathers light green
to tan, blocky to nodular, arenaceous, soft........
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21.

20.

19,

18.

17.

16.

15.

14.

13.

12.

11.

10.

90

Shale, dark green, weathers light green, blocky
to platy to splintery, fissile, very calcareous......

Limestone, light gray, weathers white, chalky,
argillaceous, arenacCeouUS. ... .ccoseecetescacecanos

Limestone, light gray, weathers light gray to white,
cryptocrystalline, hard, arenaceous, argillaceous..

Shale, light to dark green, weathers light green,
platy to blocky, fissile in part, calcareous, soft....

Limestone, light gray, weathers white, finely crystal-
line, densSe..vicviienrerieeeeserncsosannnneas Ve

Shale, light to dark green, weathers light green
platy to blocky, fissile, calcareous, soft..........

Sandstone, light green, weathers purple to brown,
very fine-grained, well cemented, arkosic, wavy
irregular bedding. Grains subrounded............

Shale, light green, platy to blocky, fissile
calcareous, arenaceous. Lenses of light
green sandstone upto 1.5 feet. .......oviiiiiiiens

Sandstone, light gray-green, weathers tan, very
fine-grained, arkosic, calcareous cement, friable.
Grains subrounded to well rounded.....ccc0vvnne

Shale, light green, platy to blocky, fissile where
platy, very calcareous, hard............ ceeeaen ..

Sandstone, light green, weathers off-white to light
green, fine-grained, argillaceous, calcareous cement.
Grains subrounded....... teerecterssnncacas

Shale, chocolate brown to light green, weathers
light green, blocky to platy, slightly arenaceous...

Conglomerate, light gray-green, weathers gray-brown,
arkosic, calcareous cement, thick-bedded. Sub-
angular to subrounded pebbles up to 0.25 inch......
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Shale, chocolate brown to light green, weathers
light green, blocky, calcareouS.......eeeeaseoass

Shale, light green, blocky to splintery, fissile,
calcareous, arenaceous. Locally grades
into sandstone....c.coovviiiiiiiniionens cetreenne

Sandstone, light gray to tan, weathers maroon to
light green, very fine- to coarse-grained, massive.

Grains subangular to subrounded. Calcareous cement,

well cemented.....ooevnns ceeecnn Ceeesceenanaane

Shale, light green, blocky to splintery, arenace-
ous, fissile, calcareous. Locally grades into
SaANdStONe. s evievietetiisttatctentessrcsnsnannas

Sandstone, light gray to tan, weathers maroon to
light green, very fine- to coarse-grained, massive.
Grains subangular to subrounded. Calcareous cement,
wellcemented. . cvvieeenrirenceessncnnacnnnnss e

Shale, chocolate brown to light green, weathers
light green, blocky to splintery, calcareous, aren-
ACEOUS. seesvosessossnssanns Ceeesseectcaseansana

Conglomerate, light green to tan, weathers maroon,
arkosic, calcareous cement. Angular to subrounded
grains up to 0.5 inch...... Seseceovaseassssrsasanss

Shale, light green to maroon, weathers light green,
blocky, calcareous, soft. Pebbles of quartz and
feldspar up to 0.75 inch scattered throughout.......

Locality 6. SW 1/4, NW 1/4, Sec. 21, T. 19 S., R. 70 W. southeast side

of Colorado State Highway 143.

Cretaceous
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20.

19.

18.

17,

16.

15.

14.

13'

12.

11,

10.

Shale, light gray to buff, weathers light gray,
splintery to crumbly, fissile, arenaceous,
slightly calcareous. Ferruginous staining.........

Covered interval.....ceeeeeeeerecerocionnceancss

Shale, light gray to buff, weathers light gray,
splintery to crumbly, fissile, arenaceous, slightly
calcareous. Ferrvginous staining...... tereesnaas

‘Limestone, buff. to light gray, fine-crystalline,
argillaceous..... ccesssesccnane tecscerescnarsans

Shale, light gray to buff, weathers light gray,
splintery to blocky, fissile, arenaceous.
Ferruginous staining..... Meeiesetetecsoceenenene

Covered interval....veeeveeeeeceeneseennocnonenes

Shale, light gray to buff, weathers light gray,
splintery to blocky, fissile, arenaceous.

Ferruginous staining................. eeseaasene :

Shale, light gray to light yellow, weathers buff,
splintery, to platy, fissile. Ferruginous staining.

Anhydrite Stringers..ceeeeiereeestencsenccneanss .

Covered interval.......ccecuvunn.n.

Shale, light to medium gray, splintery, slightly
calcareous, ferruginous staining........c. 0000t

Shale, iight gray to buff, weathers buff, flaky
to splintery, fissile, slightly calcareous. Fer-

Shale, light to dark gray, weathers buff, splintery
to platy, fissile, calcareous......... Crestbeneenans
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93

8.  Shale, light to medium gray to buff, splintery, to
platy, very calcareous, soft. Locally grades into
argillaceous limestone. Ferruginous staining.
Thin anhydrite stringers.....ccoeevieeiireeenees '43.2

7.  Shale, light to medium gray to buff, splintery
to blocky, slightly calcareous, soft............... 59.7

6. Shale, yellow-orange to buff, flaky to splintery,
fissile, very calcareous. Locally grades into
argillaceous limestone. Thin anhydrite stringers.
Few scattered brachiopods........... Ceerieeenn 36.9

5. Shale, buff to light yellow-gray, splintery to
platy, fissile, very calcareous. Locally grades
into argillaceous limestone. Ferruginous
staining...ceeevue... [P ceeetecirtsiaasann 260.1

4. Shale, light gray to buff, splintery to platy, fis-

sile, slightly calcareous. Ferruginous stam.mg
Thmanhydntestrmgers tesestecsaseesessens 38.4

3. Shale, light gray to yellow, splintery to blocky,
" fissile, very calcareous, carbonaceous inclusions.
Ferruginous staining and banding........ ceeessans 10.5

2. Shale, light gray, blocky to platy, very calcareous,
fissile. Ferruginous staining.......cecvvveveenes 81.1

Fort Hays Limestone member
1. Limestone, light gray, thin-bedded, thickness

not measured.

Locality 7. SE 1/4, Sec. 17 T. 19 S., R. 70 W. intermittant stream bed
and water gap in Vermejo hogback

Thickness
Feet

Cretaceous-Tertiary ~

Arapahoe Formation (336.7 feet, incomplete, top eroded)



67.

- 66.

65.

64.

63.

62.

61.

60.

Conglomerate, buff to yellow, soft, friable.
Subangular to well rounded pebbles up to 0.5 inch.
Locally grades into coarse-grained sandstone......

Coveredintervalooooo0000000000000000 ooooo secoece

Conglomerate, white to tan, massive. Subangular
to subrounded pebbles up to 2 inches. Grades into
coarse-grained sandstone in upper 10 feet. Cal-
careous cement, well cemented. Cross-bedded
locally. Channeling at base. Ferruginous

272 11 .

Conglomerate, white to tan, massive. Subangular
to subrounded cobbles up to 3.5 inches. Matrix
coarse sand. Grades into coarse~grained sand-
stone in upper 8 feet. Calcareous cement, well
cemented. Cross-bedded locally..e.eeveeceacens.

Conglomerate, white to tan, massive. Subangular

to subrounded cobbles up to 4 inches. Cobbles mostly
Precambrian; some Dakota and Fremont. Matrix
coarse sand. Grades into coarse-grained sandstone in
upper 5 feet. Calcareous cement, well cemented.
Cross-bedded 10Callyeceeeeeeescesccescrccccsascas

Conglomerate, tan to buff, massive. Subangular

to subrounded cobbles up to 9 inches. Cobbles

mostly of Precambrian rocks; some Dakota, Fremont,
Lytle, and Greenhorn. Grades into coarse-grained
sandstone in upper 15 feet. Well cemented, calcar-
eous cement. Cross-bedding well developed......

Conglomerate, white to tan, friable, massive.
Subangular to subrounded cobbles of Dakota,
Fremont and Precambrian rocks up to 7 inches.
Matrix coarse sand. Grades into coarse-grained
sandstone in the upper 10 feet. Calcareous
cement, well cemented. Cross-bedded locally....

Conglomerate, white to tan, massive. Subangular
to subrounded cobbles up to 4 inches. Matrix
coarse sand, Grades into coarse-grained sand-
stone in uppuer 6 feet. Calcareous cement, well
cemented. Cross-bedding well developed.........
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Cretaceous

95

Vermejo Formation (973.7 feet)

59.

58.

57.

56.

55.

54.

53.

52.

51.

Sandstone, white to buff, weathers buff to tan,
fine- to coarse-grained, friable, loosely cement-
ed, thin- to massive-bedded. Grains subround-
ed. Calcareous cement. Limonitic staining and
nodules. Liesegang banding locally. Small

cross-beddi.ng........f...... ................... 201.0
Covered interval..ceeeeecraae cicecsesresasaanans 39.2

Sandstone, white to tan, fine- to coarse-grained,

friable, thick to massive bedded. Grains subangular

to subrounded. Liesegang banding locally. Channel-

ing common. Resistant to weathering. Limonitic

staining and nodules. Plant fragments scattered

throughout. Cross-bedded locally........ivouvennn. 232.0

Sandstone, white to tan, weathers buff, coarse-

grained, friable, calcareous cement, massive.

Grains subrounded. Limonitic staining and nodules. A
Cross-bedded locally..c.oceveneeneencncnocannnns 10.4

Sandstone, white, weathers white to buff, fine-

to coarse-grained, friable, thick-bedded. Grains

subangular to subrounded. Limonitic staining and

nodules. Abundant plant fragments. Small cross-

bedding locally.......... ceereesiecansans 7.8

Coveredinterval......ceiveeeeeneencocenanes ceee 50.7.

Sandstone, white to buff, weathers tan, fine- to medium-
grained, friable, loosely cemented, thick-bedded.

Grains subrounded. Limonitic staining and nodules.

Small cross-bedding locally.....ococvav.. eesssanes 5.3

Sandstone, white fo tan, weathers buff, medium-
to coarse-grained, friable, limonitic cement,
massive. Cross-bedded......... N 4.2

Sandstone, .white to buff, weathers tan, fine- to
medium-grained, friable, loosely cemented, thick-

bedded. Grains subrounded. Limonitic staining

and nodules. Small cross-bedding locally..... cees 18.5



50.

49.

48.

47.

46.

45.

44.

43.

42,

41.

40.

39.

38..

37.

Shale, light to dark gray, weathers light blue-

gray, splintery to platy, fissile, arenaceous.......
Covered interval.......cocvveves

Sandstone, white to buff, weathers white to tan,
fine- to medium-grained, calcareous cement, mas-
sive. Grains subrounded. Ferruginous staining.
Cross-bedding well developed...coevveevenacncess

Covered interval......  ceseserceases cecacans ceeen

Coal, black to dark gray, very argillaceous and
ArenaceousS, SOt .. et eeeeinenennecencsennnnns cee

Sandstone, light gray, friable, very argillaceous,
calcareous cement, nodular, limonitic streaks,
massive...... cressas ceeenen ceesenas sedvesarnnnn

Coal, black, very argillaceous and arenaceous,
soft, bituminous............ ...t ceeeresennna

Sandstone, light gray to tan, fine- to medium-
grained, friable, argillaceous, massive. Calcare-
ous cement, loosely cemented. Limonitic staining. .

Shale, light to dark gray, blocky, crumbly, soft,
carbonaceous, arenaceous..... Ceeeieseaneanaann .

Coal, black, very argillaceous and arenaceous,
soft, bituminous....coveiveiiiineeeiannen Seseas

Shale, light to dark gray; blocky, erumbly, soft,
carbonaceous, arenaceous....... ceesivenaa .

Sandstone, light gray to tan, fine- to medium-
grained, friable, argillaceous, massive. Calcare-
ous cement, loosely cemented. Limonitic staining. .

Shale, light to dark gray, blocky, crumbly, soft,
carbonaceous, ArenaCeOUS. ccvuveeceecosnseossons

Sandstone, light gray, to tan, fine- to medium-
grained, friable, argillaceous, massive. Calcare-

ous cement, loosely cemented. Limonitic staining...
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36.

35.

33.

32.

31.

30.

29.

280

27.

26.

25.

Coal, black, very argillaceous and arenaceous,
soft, bituminous.....co0eveeneennn. cetsessennaan

Sandstone, light gray to tan, fine- to medium-
grained, friable, argillaceous, massive. Calcare-

ous cement, loosely cemented. Limonitic staining. .

Shale, light to dark gray, blocky, crumbly, soft,
carbonaceous, arenaceous. ....... ceersscctensenn

Coal, black, very argillaceous and arenaceous,

soft, bituminous..... teieresisaannan cerisenecons
Shale, light to dark gray, blocky, crumbly, soft,

carbonaceous, arenaceous.......
Covered interval. ..... Ceeereetieanaes certeeenes

Sandstone, buff to tan, fine- to coarse-grained,
friable, massive. Grains subangular to subround-
ed. Liesegang banding locally. Ferruginous
staining. Channeling locally. Cross-bedding

well developed............. Ceesesrrecestaanaanns
Coal, black, soft,‘ bituminous......coveeeveeeanns
Shale, dark gray to brown, splintery, fissile,

arenaceous, CaArbONACEOUS. .« vveveeeorsonnnsonnn .
Covered interval...... Ceesceetenaciecsanateansas

Sandstone, buff {o tan, fine- to coarse-grained,
friable, massive. Grains subangular to subround-
ed. Liesegang banding locally. Ferruginous
staining. Channeling locally. Cross-bedding

well developed............ Ceriesesieesacentanns

Covered interval......... Cterescsssattsenaraa
Sandstone, buff to tan, fine- to medium-grained,

friable, massive. Grains subangular to subround-
ed. Liesegang banding locally........... feeennn .
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23, Coveredinterval.....c.cceeceeeenvecrecsocsncnoeees 4.5

22. Sandstone, light gray, weathers buff to light
gray, argillaceous, fine- to medium-grained,
thin-bedded. Grains subangular to subrounded.
Calcareous cement, loosely cemented............ 4.9

21. Coal, dark gray to black, very argillaceous,
splintery, brittle. Locally grades into shale....... 7.8

20. Shale, light gray, very arenaceous, blocky,
crumbly, carbonaceous....... Cereeenaas ceuserias 20.3

19. Sandstone, light gray to buff, fine- to medium-
grained, calcareous cement, massive. Grains
subangular to subrounded. Ferruginous

staining......... tecesatceaaseonasrsnanae ereaes 8.1
18. Sandstone, light gray, fine-grained, friable,

very argillaceous, thin-bedded......... covesentns 3.4
17. Coal, black, soft, bituminous........ . ..’. ......... 3.0
16. Coveredinterval......covvieinencnenrennenaenns 55.2

15. Sandstone, tan to buff, fine-grained, friable, massive.
Grains subangular. .eeeceveecsnoanns reenvees 14.8

14. Coal, black, argillaceous, brittle, bituminous..... 3.2

13. Sandstone, buff to tan, fme-gramed friable,
argillaceous, massive. . ....ocviiineietrencnaanen 11.6

12. Shale, light to dark gray, splintery, fissile,
arenaceous, CarbONaCEOUS. . vcvevveceseasascansns 20.1

11. Coal, black, brittle, bituminous.................. 0.4

10. Sandstone, buff to tan, fine-grained, friable,
argillaceoiis, massive............. et iaeesaaa 19.4

9. Coal, black, soft, bituminous.................... 1.5



8‘

Sandstone, buff to tan, fine-grained, friable,
argillaceous, MassSivVe. ...cvvveiaeerrcnannans e

Trinidad Formation (56.0 feet)

7.

Sandstone, light gray to buff, fine-grained, very
argillaceous, friable, massive. Calcareous cement,

‘loosely cemented. Ferruginous staining..........

Sandstone, buff, fine grained, calcareous cement,
thin-bedded, cross-bedded..........cvvviinnnss

Pierre Formation (234.1 feet, incomplete)

5.

Shale, light to dark gray, splintery to flaky,
fissile, crumbly, arenaceous. Thin stringers of
fine-grained argillaceous tan sandstone....... cees

Sandstone, buff, fine-grained, calcareous cement,
thin-bedded................. et eteeeee e

Shale, light to dark gray, splintery to flaky,
fissile, crumbly, arenaceous. Thin stringers of
fine-grained, argillaceous, tan sandstone.........

Shale, light to dark gray, to buff, weathers buff,
flaky to splintery, fissile, arenaceous. Limonitic
staining. Thin stringers of fine-grained, argillace-
ous, gray sandstone........ciieievetceenraninnas

Sandstone, light gray, very fine-grained, argillace-
ous, calcareous cement.........ccvieet i
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