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ABSTRACT

This paper deals with general and structural geology of the Wetmore- 

Beulah area, which lies on the eastern flank of the Wet Mountains in 

Custer and Pueblo Counties, Colorado.

Deeply truncated and dissected, the Wet Mountains consist of the 

pre-Cambrian basement complex with the younger sedimentary formations 

faulted down against the basement rooks along the Wet Mountain fault.

The sedimentary formations in the area range from Ordovician to 

late Tertiary or early Pleistocene. "

Special attention is given to the occurrence of the pre-Pennsylvan!an 

formations, the relationship of the Fountain to the pre-Pennsylvanlan 

formations, the presence of Units A and B which may be correlated to the 

Lyons and Lykins, and the structural features of the area.

In spite of the presence of pre-Pennsylvanlan formations ranging from 

the Harding to the Madison, most of the pre-Pennsylvanian formations have 

been eroded away from this area. In Soda Gulch, the Fountain rests un- 

conformably upon the Harding. In one locality near South Hardscrabble 

Creek there is a fault below which the Fountain rests directly on pre

Cambrian granites. In the overthrust block above the fault the normal 

pre-Fountaln sequence is observed in contact with the pre-Cambrian gran

ites.
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The Units A and B are discussed in detail, because these formations 

are not generally believed to occur in this area#

The present structural deformation of the area developed primarily 

during the Laramide Revolution# The various forces acting together de-» 

veloped several complicated folds and faults among which thrust and re

verse faults are common#
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IMTBOPOCTION

%e area discussed in this paper lies on the northeastern flank of 

the Wet Mountains, extending from the northwestern part of Wetmore, 

Custer County, Colorado, to Worth Creek, northwest of Beulah, Pueblo 

County, Colorado, and involves an #rea of about 75 square miles on 

the eastern flank of the Wet Mountains (Plate 1).

The area lies between T. 20 S., and T. 22 S. and between R. 68 W. 

and R. 70 W., and covers parts of Custer and Pueblo Counties, south of 

the Fremont County Line.

She outskirts of the area are easily accessible by Highway 67 from 

Florence, 11 miles north of Wetmore, and by either Highway 96 from 

Pueblo, 29 miles east of Wetmore, or Highway 76 from Pueblo, 24 miles 

northeast of Beulah. However, most of the area is not accessible by 

car.

The writer mapped this area during the summer of 1950 and checked 

it again during the spring of 1951*

The purpose of the investigation was to contribute to the regional 

geology of the area by describing the structural features and the strati

graphy of the area, both of which have remained, for the most part, un

known until the present. The presence of the Units A and B which hereto-
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fore were not clearly described in this area, the field relationship of 

the pre-Pennsylvanian formations to the Fountain formation, and the 

structural features of the area, throw light on the historical develop

ment of the Wet Mountains as well as on the relationship of the paleo

geography and stratigraphy of the eastern flank of the Wet Mountains to 

thoqe of the eastern flank of the Front Ranges of the southern Rooky 

Mountains.
This area was mapped directly on an aerial photograph, using a 

scale of lnt2200‘, and then plotted on the Canon City Quadrangle of "tile 

U. S. Forest Service Map.
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PHYSIOGRAPHY

The area described comprises the eastern edge of the Wet Mountains 

and the transition sone defined as the foothill belt west of the Great 

Plains.

The area is physiographically divided into four parts: The Wet 

Mountains area, the Hardscrabble synclinal area, the Red Creek anti

clinal area, and the northern plain area (Plate II).

The Wet Mountains cover the western portion of the thesis area in 

an irregular triangular shaped region extending from the northwest cor

ner to the south central part. The pre-Cambrian crystalline rocks of 

the Wet Mountains rise abruptly above the plains and foothills which 

are comprised of the other areas listed above. These rock masses show 

very high relief because of their resistance to weathering, but, unlike 

the Front Range near Golden, Colorado, neither a remnant of a peneplain 

nor a monadnock is observed. Since the area is much dissected and 

truncated, it shows a typical mature topography.

The Hardscrabble synclinal area with a northwesterly trend occupies 

the south central portion of the thesis area. It is approximately six 

miles long and one to one-half miles wide and plunging northwesterly six 

to seven degrees. The northern end of the synclinal area is terminated 

by a pre-Cambrian granite thrust over the later sediments, but the
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PLATE II general a PHYSIOGRAPHICAL division map
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southern end of the synclinal area forms a high cliff which stands sev

eral hundred feet above Morth Creek. The surface of the area is gently 

concave, but along the axis of the syncline the central part is deeply 

truncated by south Hardscrabble Creek, which has cut a deep gorge in 

Dakota sandstone. This particular topographical feature surrounded by 

a mountainous area is due to the synclinal structure of the younger 

sedimentary rooks (Fig. 1, Plate III).

The Red Creek anticlinal area which is the northeastern structural 

sequence of the Hardscrabble synclinal area occupies a wedge-shaped sec

tion covering most of the southeast quarter of the thesis area. This 

anticline plunges to the northwest and then turns to a more northerly 

direction parallelling to the Hardscrabble synclinal area. To the 

south, it is truncated by North Creek Valley. The central portion of 

this anticlinal area consists of pre-Cambrian rocks blanketed around the 
I 

edges by the Fountain formation which are in turn blanked by a Dakota 

hogback along the sides and on the northern end. This hogback forms the 

outer flanks of a bordering valley surrounding most of the anticline.

In a few places the more predominant streams cut across the hogback, but 

the drainage pattern conforms almost entirely to the anticlinal central 

structure and the surrounding Dakota hogback. In a few places the 

Carlile formation forms a less prominent outlying hogback roughly paral

lel to the Dakota outcrops (Fig. 2, Plate III).

The Northern Plain area lies to the north and east of the Dakota 

hogback and occupies the northeastern and north central portion of the 

thesis area. This plain extends along the foothills dipping gently to 

the northeast and continues to the Great Plains. This plain forms a
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Plate III

Atea
Fig. 1.- Hardscrabble SynclineAlooking northwest.

Wtl

%

Fig. 2.- North end of Red Creek Anticlinealooking north.



9

part of the so-called Canon City Embayment (Plate IV).

The topography of the area as a whole is a reflection of the struc

tural features resulting from the Laramide Revolution. Burbank (1933) 

pointed out that this area consists of a portion of the Cordilleran fore

land and is considered as a strip of the uplifted foreland of the Sangre 

de Cristo Range. This is a very reasonable hypothesis considering the 

structural features of the area which are discussed in a later chapter.

The gravel deposits which are preserved on the flat surface 

ridges south and east of Wetmore are remnants of the Post-Pleistocene 

glaciation which should be distinguished from alluvial fan deposits ex

posed in Greenwood region. Pre-Cambrian metamorphic rocks of a similar 

nature have supplied most of the boulders of both types of deposits.

The main streams are, from north to south, Hardscrabble Creek, Red 

Creek, and North Creek, which are in general consequent streams.

Hardscrabble Creek runs almost easterly through the pre-Cambrian re

gion parallel to the schistosity of the pre-Cambrian rocks, but when it 

gets to the sedimentary rock region, it cuts the axis of the Hardscrabble 

syncline and the Red Creek anticline, and then it runs northerly along 

the axis of a slight syncline in the Pierre formation of the northern 

plain region. South Hardscrabble Creek also runs easterly, parallel to 

the schistosity of the pre-Cambrian complex, but as soon as it hits the 

Hardscrabble syncline, it follows the syncline axis northerly and joins 

Hardscrabble Creek. North, Middle, and South Red Creeks gather, just 

east of the thesis area, the subsequent tributaries in the Red Creek 

anticlinal area, and then join to form the northeasterly flowing Red 

Creek. In the southern edge of the thesis area, North Creek is a conse

quent stream but changes into a subsequent stream further on.
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Most of the area is included in the San Isabel National Forest and 

is heavily covered by vegetation which, together with rough topography, 

makes geological surveying difficult.
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STRATIGRAPHY

General Statement

The sedimentary rooks which outcrop in the area extend from Ordovi

cian to late Tertiary or early Pleistocene. The basement rocks are rep

resented by the Pikes Peak granite, pegmatites, and other crystalline 

types of pre-Cambrlan age. The pre-Pennsylvanian sedimentary formations 

are exposed in three parts of the area. Two of the exposures are blocks 

which were thrust over the younger formations. The other exposure is of 

Harding sandstone situated between the pre-Cambrian and the Pennsylvanian. 

Lying on the Fountain are the Units A and B which might be correlated to 

the lirons and the Lykins, and which were not believed to be present in 

this area by most geologists. Formations from the Morrison of Jurassic 

to the Aplshapa of Upper-Cretaceous are well developed in this area, but 

only the bottom member of the Pierre is exposed. On the Pierre formation* 

is an unconsolidated conglomerate which is believed to be late-Tertiary 

or early Pleistocene by most Investigators in other regional

The-succession of formations, with data on their ages, thicknesses, 

and lithologic characteristics, is given in the following stratigraphic 

table and in the general columnar section (Plate V).
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Sxsiem-----Series Formation Thickness (ft)______________ Characteristics
Generalized Stratigraphic Table

Quaternary Recent ______________ _ Sand & gravel along streams.
Tertiary or 
Pleistocene ' More than 50 Gravels .

Montana Pierre Brown to tan sh. with gypsum beds 
More than 350 near top, black sh. with;’concretions 

& gypsum in middle, brown sdy. sh.
— with gypsum at base.

Creta- Colo-
Niobrara 230-290 Gray to buff calcareous sh. & Is at

top,, gray, dense Is at base.
----------- ? ____________ ___  ____________________

ceous rado Benton 400-500 Tan ss & sh. at top, dark sh. in
middle, alternating Is & sandy sh.

. . . at bottom.

Dakota
Upper 
Middle 
Lower

White to tan, well consolidated ss. 
400-500 Gray sh. with ss.

White to light brown ss. with con
glomerate near middle.

Jurassic Morri
son

Morri
son

Green, gray, maroon, red, variega- 
200-250 ted sh. with lenses of Is at top &

near base, white friable ss. near 
middle, gray dense Is near base.

Permian Unit B 50-60 White to reddish-brown, calcareous
arkosic ss., crinkled Is. near base. 

----------  ? __________ _______________________  _ .

Unit A 10-100 White to tan ss., ripple marked.
-

Pennsyl
vanian Fountain

1800- Red arkosic ss. & conglomerate, dark
1850 red sdysh. at top, well cross-bedded.

- Tlnnnnf  nrmi ty

Mississip- 
ian Madison

Reddish sdyIs. at top, reddish-
155 brown, massive Is. with layers of

chert.
" ■ "" " u-l 9 coni ornu vy —.  - - -.... . _ . . . .

Devonian Williams- 
Canyon

Tellowlsh-gray, thin-bedded Is.
38 

Di Sfionfnrnil

Fremont 22 Dark gray, massive Is.
----- Dis conformity______ . .

Ordovician Harding 75 Thin-bedded, gray to white ss. with
worm castings at base.

Pre
cambrian

— " unuunjloLmi uy ■■ ' — - . . — . .. - .
Gneisses, schists, granites, and 
pegmatites.
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GENERAL STRATIGRAPHIC SECTION ( PLATE V)
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Pre-Cambrian C23B15X f
The oldest rocks in the area are the Pikes Peak granites, various 

gneisses, schists, and intrusive pegmatites.

The pre-Cambrian complex occurs all along the western part of the 

area. For the most part, it is brought into contact with younger sedi

mentary formations by a high angle normal fault (in some places, by re

verse faults), and in two places, by an overthrust fault. In the eastern 

part of this main contact, the Harding sandstone rests on the pre

Cambrian granite. This suggests that there was a long period of erosion 

during which the area remained above the sea until Harding time.

Gneiss and schist are enclosed by the pikes Peak granite, and judg

ing by their character, they are thought to be of sedimentary origin. 

They are Intruded by pegmatites. The metamorphic complex is believed to 

be pre-Cambrian by previous workers. However, Burbank (1933) pointed out 

that there is sqme evidence that vulcanism and igneous intrusions oc

curred in post-Cnmbrian and pre-Pennsylvanian time. The green, contact 

metamorphic rock occurs in the southeast corner of sec. 33, T. 21 S., 

R. 69 W., and is composed mainly of epidote, diopside, and some other 

orthorhombic amphibole with minor orthoclase and quarts. This is defin

itely contact metamorphic rock in character. Judging by its occurrence 

as a remnant in the granite near the younger sedimentary formations and 

by its unmetamorphosed character, this rock was formed by a granite in

trusion later than Cambrian, as Burbank pointed out. The writer considers 

that there is a possibility of finding two periods of granite intrusion, 

along the Front Range, one pre-Cambrian, the other, post-Cambrian.
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Paleosole Formation*

Pre-Pennsylvanian Formation*

The pre-Pennsylvanian formations in this area are Harding sandstone, 

Fremont limestone, Williams Canyon limestone, and Madison limestone. 

These formations are in the form of blocks which have thrust over the 

younger formations as seen in South Hardscrabble Creek and in North 

Creek. Therefore, the relationship of these formations to the Pennsyl

vanian formation is not clearly determinable in these localities. How

ever, in Soda Gulch the Harding sandstone lies above the pre-Cambrian I 

granite and is underlain unconformably by the Fountain. Absence of the 

Sawatch sandstone in this area (Brainerd and others, 1933) is due to post- 

Sawatch and pre-Hardlng erosion rather than non-deposition, as discussed 

above. In spite of the presence of pre-Pennsylvanian formations in this 

area, there was also an eroslonal period before pre-Pennsylvanian time 

because

1. The sequence of the formations in Soda Gulch is a 
normal and undisturbed one.

2. There are other pre-Pennsylvanian formations in 
this area which are remnants of erosion which oc
curred in pre-Pennsylvanian time.

These formations have been thrust over the younger formations, probably 

during the Laramlde Revolution. These pre-Pennsylvanian formations are 

found in their normal sequence in the Beulah area, which is five to six 

miles southeast of this Soda Gulch and South Hardscrabble area. There

fore, the writer does not agree with Maher (1950), who describes the 

South Hardscrabble area as a type locality of the pre-Pennsylvanian forma- 
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tione. Evidence of an overthrust fault is clearly observed at South 

Hardscrabble Creek, where the pre-Pennsylvanian formations with strike 

N. 40 W., dip SW 75*80 rest on the underlying younger formations having 

strike If 60-70 W, dip HE 65 (fig. 1, Plate VI).

The general succession of the formations with data on their ages, 

thicknesses, and lithologic characteristics is given in Plate VII.

Ordovician

1. Harding Sandstone " c/jec# m&p - - hco hens ru r w *

The oldest sedimentary rook in this area is the Harding sandstone, 

which has a maximum thickness of 75 feet on the north cliff of South
Lf £2 5 G9 VU

Hardscrabble Creek, sec. 11, T. 21 S., R. 68 W. It is 25 to 30 feet
, ' &Z v *

thick at Soda Gulch, see. 6, T. 21 S., R. 68 W., and of undeterminable

thickness on the upper part of North Creek, sec. 24, T. 22 S., R. 68 W., 

as a result of weathering and erosion in this particular locality. At 

South Hardscrabble Creek, most of the section is badly weathered and 

covered so that the sequence of the formation is not clear. However, 

the bottom member is a white to pale green or pale purplish-white, well 

bedded, hard sandstone with worm castings. The upper member changes up

ward from sandy shale to shale. At Soda Gulch only the bottom member of 

the Harding is present and pinches out within 2500 feet along the strike. 

As Brainerd and others (1933) pointed out, this sequence suggests that 

during Harding time the sea was increasing in depth. The bottom member 

is characteristic of near-shore deposits, whereas the upper member with 

the finer shaly materials is characteristic of slightly deeper deposits
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PRE-PENNSYLVANIAN SECTION CPLATE VII)
SOUTH HARDSCRABBLE CREEK, CUSTER COUNTY 
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than the bottom member.

In Soda Gulch, the Harding sandstone rests unconformably on the pre

Cambrian granite and is overlain unconformably by the Fountain. However, 

in the South Hardscrabble area, the Harding sandstone is overlain dis- 

conf ormably by the Fremont limestone, whereas the Harding contact with 

the pre-Cambrian granite is the same in both localities. This fact, to

gether with the presence of the overthrust fault, indicates that most of 

the area remained as an island from post-Madison time to pre-Pennsylvanlan 

time. Hence, most of the pre-Pennsylvanlan formations were rapidly eroded 

away from this area in spite of the presence of the post-Hardlng forma

tions.

According to Johnson (1945), the Harding sandstone is thought to be 

of middle Ordovician age on the basis of the fossils.

2. Fremont Limestone

lying disconformably on the Harding sandstone in the South Hard

scrabble area is the Fremont limestone, which has a thickness of 22 feet 

and is a reddish-brown, purple- to pinkish-mottled in part, fine to med

ium crystalline dolomitic limestone.

The contact between the Fremont limestone and the Harding sandstone 

is not shown in the South Hardscrabble area. According to Brainerd and 

others (1933), the contact between these formations is unconformable, and 

the thickness of the Fremont limestone rapidly decreases towards the 
south from Manitou Springs. This suggests that the upper part of the 

Fremont limestone has been eroded away because of pre-Mlsslssippian warp

ing, as no evidence of a shore phase or an overlying or succeeding forma* 

tiens on a rough topography has been found.
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Although no fossile have been found in the Fremont limestone in 

this area, the Fremont has been classed as middle and upper Ordovician 

age on the basis of fossils in other regions.

A good exposure of the Fremont limestone may be seen on a cliff on 

South Hardscrabble Creek in SE| of sec. 11, T. 22 S., R. 68 W.

Devonian

HIM-JW jGsnm Limestone

Silurian formations are lacking in this region due to the withdrawal 

of the sea in the entire Rocky Mountain region. Lying unoonformably on 

the Fremont limestone is the Williams Canyon limestone, which has a 

thickness of 35 feet in the South Hardscrabble area, and is characterized 

by the buff to gray, thin-bedded limestone with reddish chert nodules 

and calcareous shale.

The contact between the Williams Canyon limestone and the underly

ing Fremont limestone could not be observed in this area, but it is be- 

Ifered to be on a disconformity.

Concerning the age of the Williams Canyon limestone, Brainerd and 

others (1933) determined its age as Devonian by correlation with the 

Parting quartzite in central Colorado. However, Maher (1950) described 

it as Mississippian age by means of correlation with other regions. Be

cause of lack of fossils in this area and the writer's ignorance about 

the formation, he has no criticism to offer, but favors putting it in 

Devonian rather than Mississippian age. The writer does not know whether 
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or not Maher1s correlation has been accepted by other geologists and it 

is believed th^t Maher overlooked the fault relation known to exist here.

A good exposure is found in South Hardscrabble Creek in SEj of sec. 11, 

T. 22 S., R. 68 W., and some badly weathered exposures in North Creek in 

NE| of sec. 23, T. 22 S., R. 68 W.

Mississippian

Madison Limestone

The Beulah limestone, the top member, and the Hardscrabble limestone, 

the bottom member, which are described by Maher (1950), are included In 

the Madison limestone. The reasons why the writer uses the old name 

"Madison* are as followsi

1. This outcrop of the formation is not the normal se
quence, but is a block that has been thrust over the 
younger formations.

2. Maher did not observe the contact between the Beulah 
limestone and the underlying Hardscrabble limestone 
at Beulah and other localities, but observed the con
tact in this particular overthrust block which conti
nues not more than, several hundred feet in strike 
direction. Consequently, it is difficult to deduce 
whether the unconformity between the said two forma
tions is regional or local.

3. Maher did not notice the overthrust fault and then 
stated that the upper few feet of the Beulah lime
stone Is not exposed In this area. But, as a matter 
of fact, this Is the result of the overthrust fault.

This formation rests disconformably on the Williams Canyon lime

stone. The bottom member, which Maher described as the Hardscrabble lime

stone, has a thickness of 110 feet. It is characterized by light buff to 

light yellowish gray, finely crystalline, dense limestone, with several 
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red to deep orange, dense chert nodules or thin layers in the upper part' 

of the member. The top member, which Maher described as the Beulah lime

stone, has a thickness of 45 feet. It is characterized by buff to light 

brown, finely crystalline limestone with brecciated red to deep orange 

chert at the base, and chert layers near the base. The upper member is 

characterized by buff, sandy, bedded limestone with numerous creamy cir

cular spots (may be oolites).

The contact between these two members is characterized by the pres

ence of the brecciated chert at which Maher put the unconformity between 

them. Nevertheless, this subdivision is not convincing unless other evi

dence can be brought out, because the observation was made on the over

thrust block and no description was made of other regions. The uncon- 

formable relationship between the bottom member of the formation and the 

underlying Williams Canyon is indicated by the slight irregular contact 

and by the presence of small pebbles of the Williams Canyon limestone in 

the basal conglomeratic limestone bed. The contact between the Madison 

and the overlying Fountain is not observed in this area, because of the 

overthrust fault. However, it is generally believed that the Madison was 

deposited over the entire area of what is now the Front Range, but was 

removed from the greater part by pre-Pennsylvanian erosion (Brainerd and 

others, 1933). It is reasonable to assume that most of this particular 

area remained as a high land from post-Harding time to pre-Pennsylvanian 

time, as discussed previously.

According to Maher (1950), fossils collected from the bottom member 

of the formation (the Hardscrabble limestone) at Beulah are indicative 

of Mississippian age.
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Pennsylvanian

Fountain Formation

Prior to the deposition of the present Pennsylvanian sediments, in

tense differential erosion and possibly some folding and faulting created 

a surface that resulted in an angular unconformity where the Fountain 

formation was deposited on it. As a result, the Fountain is found in 

contact with the Harding sandstone and the other pre-Pennsylvanian 

formations.

The normal contact between the Fountain formation and the underlying 

pre-Pennsylvanian formation (Madison) is not exposed in the thesis area. 

Along South Hardscrabble Creek one cannot study their relationship be

cause of the overthrust fault.

The Fountain-Harding relationship is observed only in Soda Gulch. 

The underlying formation observed in the Soda Gulch area is the Harding 

sandstone of 25 to 30 feet in maximum thickness. The Harding sandstone 

pinches out at both ends along the strike. However, its strike and dip 

are nearly parallel to those of the Fountain. The contact between the 

Harding sandstone and the Fountain is gradational. This fact, together 

with the pinching out of the Harding sandstone and the nearly parallel 

strike and dip of both Fountain and Harding, suggests that this particu

lar area was a small flat island during the pre-Pennsylvanian warping 

time. During this warping time almost all of the formations were eroded 

away, but the final stage of the erosion was probably not rapid, as is 
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suggested by the gradational contact.

The maximum thickness of the Fountain is #1800 to 1850 feet in this 

area (Fig. 3, Plate VIII). It consists primarily of red, arkosic con

glomerates or conglomeratic sandstones with interbedded coarse, arkosic, 

well cross-bedded sandstones, and in the uppermost part, some dark, red

dish, sandy shales.

Ulis formation is well exposed In the Red Creek anticlinal area, In 

which its thickness was measured by plane table, in South Hardscrabble 

Creek, in North Creek, and In sec. 16, T.1 21 S., R. 69 W. Except for 

the section exposed in the Red Creek anticlinal area, all outcrops are 

merely the uppermost member of the formation due to the fault contact 

against the pre-Cambrian complex.

The lithologic character of the Fountain in this area, it seems to 

the writer, is much different from that of the Front Range near ,Golden, 

Colorado. It is predominantly conglomeratic in this area. The diameter 

of the boulders is one foot or more, whereas at other places the Foun

tain contains more or less sandstone or fine conglomerate. If the two 

facies of the Fountain exist in Colorado as Burbank pointed out (1933)# 

this facies is similar to that of the Sangre de Cristo rather than that 

of the Front Range. This would Indicate that the source of the Fountain 

of this area was in the Uncompahgre-San Luis Geosyncline rather than the 

Colorado Range Geosyncline. This postulation leads to a conclusion that 

the Pennsylvanian seas of the Front Range and of central Colorado were 

connected at this area rather than separated by high land.

No fossils were collected by the writer in this area, and no micro

fossils were found in the limestone lenses 1.5 feet thick (Fig. 2, 

Plate VI) which occur in the upper horizon of the Fountain at sec. 32,
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Plate VI

Fig. 1. — Hardscrabble Overthrust Fault, looking 
north at SEj of sec. 11, T. 21 S., R. 68 W. 
Pre-Pa — pre-Pennsylvanian formations.

Cf — Fountain formation.

Fig. 2.- Cross beddings and limestone lense (Ls) in the up
permost part of the Fountain at SEj of sec. 32, 
T. 21 S., R. 68 W.
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T. 21 S., R. 68 W. The occurrence of the limestone lenses Is similar 

to that northwest of Fort Collins (Thompson, 1949)»

The Fountain formation is believed to be of Pennsylvanian age.

Persian

Quits A and B

The formations which occur between the Fountain and the Morrison in 

this area are discussed under common heading "Units A and B", because of 

the ambiguity of their relationship. The Unit A, the bottom member and 

the Unit B, the top member are correlated with the Lyons and the Lykins, 

respectively, by the writer. ,

Stratigraphy

The whole section of the formations, Unit A and Unit B, cannot be 

seen in this area, because of the debris of the overlying Dakota and 

other formations. However, for the purpose of correlation of the form

ations within the area, three sections were measured, as shown in 

Plate IX. 
।

1. Watson Anticline Section (Central part of sec. 16, T. 21 3.,
R. 69 W.).
(Section a-b, Fig. 1, Plate VIII, 
Fig. 2, Plate X).

The total thickness of the formations is 150 feet. The bottom 10 

feet is brown sandstone and sandy shale with ripple marks; two thin 

(2-2.5 feet thick), reddish, crinkled sandy limestone beds (Fig. 1, 

Plate X) with a 4-foot interval between them are observed 10 feet above 

the base. The rest of the formation is calcareous, arkosic (microscopic)
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Correlation Section Of Unit A 8L B f PLATE: IX)
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Plate X

%

Fig. 1.- Crinkled limestone at the Watson Anticline 
in middle of sec. 16, T. 21 S., R. 69 W.

Fig. 2.- Watson Anticline looking north, 
peg — pre-Cambrian complex.

f — Wet Mountain Fault.
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sandstone with thin limestone beds or nodules in the upper part» %e 

color changes from white, brown to reddish brown, from bottom to top.

2. g&Kfrh Srask (Central part of sec. 19, T. 22 S., R. 68 W.).
(Section k-1).

With a total thickness of 130 feet, this section consists of calca

reous, arkosic conglomerates apd sandstones which are mostly tan to brown, 

but partly greenish. A limestone bed is located near the top and is 

characterized by a dense, gray appearance and conchoidal fracture. Peb

bles of conglomerate are mostly pinkish feldspar, but there is little 

pre-Cambrian granite. Pebbles range from 2 to 0.1 inch in size. The lith

ology below the limestone bed is similar to the «Creamy Sandstone" of 

Perry Park and to the Lyons of Turkey and Deer Creeks (Thompson, 1949).

3. SjQda SêSSdan. (SWj of sec. 33, T. 21 S., R. 68 W.).

It has an estimated thickness of about 100 feet. The bottom member 

of the formations is reddish brown, greenish, white, friable, arkosic 

sandstones. The middle part is mostly covered. The top member is white 

to pale green, massive to bedded, calcareous sandstones with interbedded 
a.nd

limestones fee ripple marks. The sandstone members below the limestone 

bed are almost similar with those of the North Creek section in some part 

of the section.

Microscopic Lithology

1. Crinkled sandy limestone

This consists of subangular quarts, orthoclase, microcline, 

and albite which are cemented by calcareous matrix and contains little or

ganic matter. These sands and calcareous matrix form alternating bands 
that were formed due to original depositional environments. This is 

crinkled, well laminated limestone.



30

2. Galoftresyfi, j&rkgslç aandsfcaifi

Thia consista of subangular quartz, orthoclase, miorocline 

(Watson Anticline section), with a few fragments of biotite and horn

blende (North Creek section). These are cemented by calcareous matrix. 

Stratigraphic Position

If the variation in thickness of the Pennsylvanian and Permian 

formations is, in part, the result of the unconformity (Lovering and 

Johnson, 1933)> the contact between these formations and the underlying 

Fountain represents an unconformity. In sec. 16, T. 21 S., R. 69 W. 

and in the Babcock Hole area, the Units A and B rest on the conglomerate 

of the Fountain, whereas the formations rest on the cross-bedded, red 

sandstone in the Middle Red Creek area, sec. 33, T. 21 S., R. 68 W. This 

sandstone has a thickness of more than 100 feet and contains limestone 

lenses one to two feet thick above the conglomerate. In the North Creek 

area, sec. 19, T. 22 3., R. 68 W., the Units A and B rest on the reddish, 

greenish sandy shale which is above the reddish, cross-bedded sandstone 

of the Middle Red Creek area.

The contact between the Unit B and the overlying Morrison is also an 

unconformity. This unconformity is represented by alternating presence 

and absence of the variegated shales of the bottom member of the Morrison 

formation. The limestone which contains Aclistochara rests on the Unit B 

in sec. 16, T. 21 3., R. 69 W., Greenwood (sec. 22), and North Creek. The 

variegated shales which lie stratigraphically lower than this limestone 

member of the Morrison rest on the Unit B at SWj of sec. 33, T. 21 S., 

R. 68 W. This is due to the long period of erosion before late Jurassic 

time (Heaton, 1939).
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Correlation

The Exeter formation was described by Lee (1902) in Beulah area 

in à stratigraphic position beneath the shale of the Morrison formation, 

and also recorded in a similar position in the drilling core made in 1950 

in the vicinity of Beulah. Therefore, from the stratigraphic point of 

view, the Units A and B are most likely considered as the Exeter formation. 

The crinkled limestone used by the author as a key bed for the lower part 

of the Units A and B has been used elsewhere as a key bed and identifying 

characteristic of the Lykins formation.

If Unit B, which contains the crinkled limestone is the Lykins, 

then the Unit A which lies below Unit B is most likely the Lyons forma

tion.

The crinkled limestone beds of the Watson anticline section may 

be correlated with the limestone beds on the uppermost horizon of the Units

A and B of the other localities of this area (Plate IX). If this correla

tion were established, the Unit A is correlated with the Lyons and has a 

thickness of 4 feet in the Watson anticline section, about 110 feet in the 

North Creek section, and about 65 feet in the Soda Creek section. The Unit

B has a thickness of 156 feet in the Watson anticline section, 20 feet in 

the North Creek section, and 35 feet in the Soda Creek section.

The grayish white to greenish color of Unit B in the area, es

pecially in North Creek and Soda Creek, contrasts with the red color of 

the Watson anticline section. This is due to bleaching from the normal 

red to dull red, pink, greenish or grayish white, indicating that this 

formation has been subjected to a long period of weathering before the de

position of the Morrison formation (Heaton, 1939).

The reasons for grouping Units A and B in this area are:
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1, Ko exact boundary between these two units could be 
established.

2. The presence of the unconformity between the Unit A 
and the underlying Fountain in this area, whereas 
the contact is gradational in other regions.

This requires further investigation to confirm the stratigraphic 

relationship of the Units A and B to each other as well as to other forma

tions.

So far, previous workers in the Rocky Mountain region believe 

that there are no Lyons and Lykins in this particular area, due either to 

erosion or to non-depoeltion. However, Heaton (1939) described 60 feet 

of the Lykins in North Creek. The writer does not know the exact position 

which Heaton described; however, there is no doubt about the presence of 

the Lyons and Lykins in the area. The writer therefore intends to correl

ate the Units A and B with the Lyons and Lykins, respectively.

j&g

No fossils were found in this area. If these formations were 

separated as the Units A and B from the bottom to top and correlated with 

the Lyons and Lykins, respectively, as discussed above, the Unit A is of 

middle Permian age, because the Lyons of northern Colorado is believed to 

Interfinger with the Satanka formation of northern Colorado and Wyoming 

which is Persian; and the Unit B is also Permian, because most previous 

workers, such as Leftoy (1944), Heaton (1939), and others consider the 

Lykins as Permian.

Mesozoic Formations

The Mesozoic sediments in this area are of Jurassic and Cretaceous 

age and are represented by the Morrison, the Dakota, the Benton, the 

Niobrara, and the Pierre formations. They are in normal sequence and ap
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parently do not present any complicated problems. If the Unit B is of 

Permian age, as previous workers believe, there is no record of Triassic 

deposits in this area. This may be explained by the pre-Morrison weather

ing and erosion, as discussed above.

The significant features of these formations are briefly discussed 

in the following pages.

loggia

Morrison Formation
The earliest formation belonging to the Mesozoic is the Morrison, 

which overlies unconformably on the Unit B. -

Lithologic characteristics of the Morrison are quite variable, and 

consist, from bottom to top, of limestones, variegated shales, sandstones 

and second variegated shales which contain thin interbedded limestone 

lenses.
The basal member of the Morrison formation In this area consists of 

a dense, gray limestone, somewhat variable in thickness, but approaching 

5 feet in thickness in a few places. Aclistochara (Fig. 1, Plate XI) oc- 

®ir in this horizon, just as they do on a similar horizon in a type local

ity (Leftoy, 1945). However, there is neither a basal conglomerate nor 

sfcale^member below the limestone in this area. The absence of the basal 

member is explained by its depositional environment. According to 

Bartram (1939), the depositional environment of the Morrison formation was 

the flood plain on which the materials were washed from west to east over 

the entire Rocky Mountain region, and there was no deposition of the basal
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sandstone in western and central Colorado, which probably was too high 

to be covered by it. Sponge spicules described by LeRoy (1944) have not 

been found, so far, in this area. In addition to Aclistochara, the wri

ter has found some Ostracods in this limestone, but no attempt was made 

to identify them in detail. Microscopic examination shows numerous shell 

fragments, but none is sufficiently complete to make any identification 

of the types furnishing these fragments (Fig. 2, Plate II). The position 

of these fossil materials in the matrix shows, to some extent, a parallel 

stratification which seems to be indicative of deposition in relatively 

quiet waters. ft

The basal variegated shale member is not well exposed in this area, 

because of covering by soil and detritus of other formations. It is 

weathered in most oases. Its color is mainly green and reddish.

A friable, light gray sandstone member overlies the variegated shale 

gpd consists of well-rounded, sorted quartz grains with an argillaceous 

cement. It contains limonite concretions in a few places (less than one 

Inch In diameter), and reaches a maximum thickness of about 50 feet.

The top variegated shale member is composed of green, red, brown and 

purple shales and sandy shales. The minimum thickness of each bed is 0.5 

inches, and contains numerous thin sandstone and limestone lenses and 

calcareous shales.

The best exposures of the formation in this area are along the mar

gin of the Red Creek Anticline and along Watson Gulch, sec. 16, T. 21 S., 

R. 69 W. However, most of these exposures are covered by talus from the 

overlying Dakota sandstone.

The thickness of the formation is about 200 to 250 feet in both lo

calities .
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Plate H

Fig. 1.- Aclistochara in the 
Morrison limestone. (x75).

Fig. 2.- Organic fragments in the Morrison 
limestone (x4O).



Concerning the age of the Morrison, there is no divergence of opinion 

among geologists and it has been determined as upper Jurassic in age.

Upper Cretaceous

!• Dakota Formation

Lying disconforaably on the Morrison is the Dakota, which is charac

terised by the thick sandstones at the upper and lower horizon separated 

by a prominent

from about 350

She basal

shale member. The total thickness of the formation ranges . 

to 500 feet in this area (Fig. 4, plate VIII). • \ A, 

member consists of white to light brown, well golidifled'

sandstone and conglomerate. It hag a thickness of about 200 feet in the 

southern part of the area, and 120 feet in the northwestern part of the

area. The conglomerate at the base of the formation, as reported from 

other localities, is not observed in this area. However, in Watson Gulch 

the conglomerate appears about 10 feet above the base, and in other places, 

such as the Dakota hogback from Babcock Hole to Soda Springs, and along 

the northeastern edge of the Hardscrabble syncline, the conglomerate ap

pears near the top of the basal member of the Dakota. The conglomerate 

consists principally of gray to brown quartz and quartzite pebbles. The 

largest pebbles are about one inch in diameter and relatively well rounded 

and sorted In a matrice of coarse sand and fine gravel. This conglomerate 

might represent the very slow transgression of the upper-Cretaceous sea.

If this conglomerate could be correlated with the basal conglomerate of 

the Dakota in other regions, and if the basal conglomerate would Indicate 

the base of upper-Cretaceous time, the sandstone below the conglomerate in 



this area would represent an earlier time than Dakota age. Unfortunately,

no fossils were found in the sectionj therefore, none of this discussion 

is conclusive.

The middle shale member consists of dark gray shale beds with thin 

interbedded sandstone lenses, and has a thickness of about 100 feet in the 

southern part, but thins to about 50 feet in the northern part of the area.

The top sandstone member consists of light brown, massive, hard sand

stone and thin-bedded alternating light gray sandstones and dark gray 

shales on the top of the formation. In the uppermost part of the alterna

ting beds, undeterminable plant impressions and worm castings were found 

near the junction of Highways 96 and 274 at sec. 33, T. 21 S., R. 69 W. 

The thickness of this top sandstone member ranges from 200 feet in the 

southern part, to 180 feet in the northern part of the area.

The disconformable contact between this formation and the Morrison 

is indicated by the variation in thickness of the variegated shale at the 

top of the Morrison.

No fossils were found in this area other than the plant impressions 

and worm castings mentioned above. It is believed to be upper-Cretaceous 

in age by previous workers.

2. Benton formation

The Benton formation consists of the Graneros, the Greenhorn, and the 

Carlile Sandstone members, from bottom to top.

a) Graneros Member

The bottom member of the Benton is the Graneros shale, which con

sists of black to dark gray, very thin-bedded shale with dark gray sandstone 

beds. Most of the formation is covered by soil because of its lesser re



38

sistance, and good outcrops are very scarce In this area.

The thickness of the formation in North Red Creek is about 150 to 

200 feet, and it could not be measured in the northern part because of 

the overburden.

Ammonite and fish scales were found in the Graneros in sec. 20, 

T. 21 S., R. 68 W., and cone-in-cone structure was observed near Greenwood 

in sec. 22, T. 21 S., R. 68 W. Near the top of the formation, there are 

several gypsum and bentonite beds of one to two inches in thickness.

b) 'Greenhorn Member

The middle member of the Benton is the Greenhorn formation which 

is made up of alternating gray, siliceous limestones and tan to gray 

shales. This formation is also very poorly exposed in this area. The 

thickness of the formation ranges from 100 to 130 feet in the locality of 

North Red Creek which is the same locality where section i-j was measured. 

The thickness of the Graneros and the Greenhorn combined In Watson Gulch 

(section c-d, Fig. 1, Plate VIII) is 250 feet.

Inoceramus labiatus was found in the Greenhorn near Adobe Creek, 

sec. 5, T. 20 8., R. 69 W., in Middle Hardscrabble Creek, and in a few 

other places.

The contact between the Graneros and the Greenhorn is gradation

al. Above the uppermost shale of the Graneros which contains gypsum and 

bentonite beds mentioned above, two alternating beds of gray shales and 

limestones or calcareous shales of thickness of 3 to 6 inches are in a 

transitional zone. Above this transitional zone, there is a typical sili

ceous limestone of the Greenhorn, the bottom of which is fosslllferous.

c) Carlile Member

The upper member of the Benton is the Carlile. This consists of 

buff shale in the base and buff to light brown sandstone at 4he top. The 
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sandstone division of the Carlile forms a small hogback paralleling the 

more prominent Dakota hogback where it occurs. The structures are such 

that this small hogback lies a little to the north or northeast of the 

above-mentioned Dakota hogback.

The bottom shale member is covered by soil so that no outcrops 

can be seen in the area except in the south-central portion of sec. 19, 

T. 21 S., R. 68 W.

The maximum thickness of the formation is 180.feet in the south

ern part, and ranges from 100 to 130 feet in the northern part.

The sandstone member is characterized by its paléontologie and 

lithologic features: light brown, porous, fossiliferous facies. Inoceramus 

labiatus and worm castings were common in all exposures of the Carlile.

The matrix, in which the fossils were found, consists essentially of med

ium-grained, light brown, porous, calcareous sandstone which is usually 

thin-bedded. But where the more massive form occurred, concretions more 

than one foot in diameter are likely to be found as they do in other re

gions (Figs. 1, 2, Plate XII).

From fossil evidence, the Benton formation belongs to upper- 

Cretaceous.

3. «Liqbrara formation

The Niobrara formation consists essentially of two members in this 

area, the Timpas and the Apishapa.

a) Timpas Member

The basal Timpas member is a dense, gray limestone character

ized by the presence of many Inoceramus deformis. It has a thickness of 

80 to 90 feet and is well exposed on small hogbacks throughout the area.



40

Plate XII

Fig. 1- Concretion in the Carlile sandstone 
in the middle of sec. 24, T. 21 S., 
R. 68 W.

Fig. 2.- Concretion in the Carlile sandstone 
in the middle of sec, 9, T. 21 S., 
R. 69 W.
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b) Apishapa Member

The upper member of the Niobrara is the Apishape, which con

sists of gray, argillaceous and calcareous shales Interbedded with gray, 

dense limestone and with a few thin gypsum beds appearing near the top.

Most of this member is covered by soil, but along Richie Gulch, 

northeast of the area, outcrops are well exposed*

Octree congests, Inoceramus deform!a, and fish scales are found 

throughout the entire thickness of the formation, and some plant impres

sions are found only in the top sandstone bed.

The contact between the Timpas and the Apishape is not determ

inable because of poor exposures, but in other regions the relationship 

has been Interpreted as transitional.

Using a plane table, the thickness of the Apishape was deter

mined as 150 feet in section e-f (Fig. 2, Plate VIII). This thickness 

is questionable, because the underlying and overlying contacts are not 

properly exposed.

c) £oniact ^StwgflEL j&Ê Bgnj&& W Niobrara

The contact between the Benton and the Niobrara was formerly  

described as a dis conformity (Van Tuyl and others, 1938). However, the 

writer could not confirm this relationship in this area. The change in 

the lithology of medium-grained sandstone of the Benton to the dense, 

gray limestone of the Niobrara suggests an advance of the sea in this 

area. The writer doubts that this change of lithology means disconform- 

ity, in the absence of any other evidences in the area, Inoceramus 

labiatus of the upper Benton and Inoceramus déferais of the basal 

Niobrara quite likely lived in similar depth-environment. Since there 

seems to be no evidence of the depositional hiatus between the Benton and
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the Niobrara, it would seem most likely that all of these deposits were 

laid down in relatively shallow sea instead of a deep sea that some pre

vious workers have postulated (Van Tuyl and others, 1938).

4. Pierre Formation

The writer did not attempt to place the contact on the basis of 

microfaunal studies, as LeRoy (1944) did in the Golden-Morrison area, but 

arbitrarily chose a significant and prominent thin calcite bed in the 

transitional sone to be considered as a base of the Pierre. This feature, 

although only one or two inches thick, was found at the same horizon 

throughout the entire area wherever the formation is exposed, and thus 

formed an excellent marker. This calcite layer is apparently secondary 

in origin, but nevertheless IS restricted to this horison in the transi

tional sone.

Above this calcite bed is found a zone of gray shale followed by a 

sone of black shale. Following these gray and black shales, the upper 

portion of the Pierre in this area consists of alternating beds of tan 

and brown shales. The two lower shale beds contain numerous gypsum beds 

and isolated gypsum crystals in the shale. The top tan and brown shales 

contain a few thin gypsum beds near the base. Limestone concretions 

(Fig. 1, Plate XIII) sometimes more than two feet in diameter, occur in 

the black shale and contain many Inoceramus sag en si 8. The bottom shale 

contains numerous fish scales.

At the end of Apishape time, the Upper-Cretaceous sea apparently 

retreated. This is indicated by the presence of plant impressions in the 

upper Apishape and the increase of gypsum beds in the base of the follow-
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Fig. 1.- Concretion in the Pierre at 
north-central part of sec. 
13, T. 21 S., R. 68 W.
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Fig. 2.- Travertine deposit in NWj of sec.
" 5, T. 21 S., R. 68 W.
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Ing Pierre formation. However, there is no definite field evidence 

to determine whether the gypsum beds in the Pierre formation were 

formed principally because the Pierre formation is supposed to be 

laid down in the open sea. Therefore, it is quite possible that these 

gypsum beds were formed secondarily by circulating water, even though 

they are exposed at some extension.

The formation is exposed along the flat ridge east of Wetmore, but 

generally is covered in this area.

The total thickness of the formation could not be measured, because 

the middle and the top members of the formation are exposed beyond the 

limit of the present thesis area. At section e-f (Fig. 2, Plate VIII), 

the formation was measured as 350 feet.

The contact between the Niobrara and the Pierre is transitional.

Quaternary Sediments

Talus Deposits

Three fairly large talus deposits are found in the east

central portion of the area. The largest of the three is more than 

two miles long. The others, a short distance north of the largest 

one, are about one mile long each. These deposits lie along the 

northeastern slope of the Red Creek Anticline. Boulders are prin

cipally composed of the Dakota sandstone and are more angular than 

those found in alluvial fan deposits and show no sorting at all.
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At SWç of Sec. 24 T. 21 5., R. 68 W, the upper member of the 

Dakota sandstone is broken down and merged into talus deposits.

The thickness of the deposit could not be measured, but it 

seems to be more than 100 feet. The deposits cover all the outcrops 

of the Benton and the Niobrara at sec. 23, T. 21 S., R. 68 W., and
6 9 HZ?

part of these outcrops at sec. 24, T. 21 S., R. 68 W., and secs. 20 

and 28, T. 21 S., R. 68 W.

The age relationship of the deposits are quite obscure. How

ever, from the field evidence, they are later than the folding in 

the area and earlier than the thin veneer of gravels covering nearby 

ridges, which are probably of Pleistocene age.

Gravels

Thick gravels cover many of the flat ridges to the east, south, 

and northwest of Wetmore. These gravels are made up largely of 

unconsolidated, poorly sorted boulders derived from pre-Cambrian 

granites and gneisses.

The absence of good stratification in these gravels suggests 

their glacial origin (Hares, 1926), but it seems more reasonable 

to assume that it has been deposited by swift-flowing rivers or 

streams upon a high-gradient peidmont surface (LeRoy, 1946). The 

deposits are practically flat over the entire arsa, and all occurrences 

appear at the same elevation. These suggest that they might have 

been:formed as river terrace deposits.

The thickness of the gravels is 50 feet in the area.

Regarding the age of these gravels, Hares (1926) states:

11 They are provisionally correlated with the post—Eocene, pre—Miocene
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glacial evidence found elsewhere in the Rocky Mountain region#” How

ever, if the talus deposits in this area are Pleistocene, these gravels 

are later than Pleistocene# Evidence for this exists in sec# 23, T# 21 

S., R 68 W#, where the gravels are found overlapping the above-described 

talus deposits# Therefore, the age of the gravels is believed to be 

later than Pleistocene glaciation• ’

Travertine (Calcareous sinter)

One relatively small, thin travertine deposit is found in NWj 

of sec# 5, T. 21 S#, R 68 W#, on a terrace adjoining Soda Gulch 

(Fig# 2, Plate XIII). This deposit is formed from calcareous materials 

derived from nearby mineral springs# This is a recent deposit#
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STRUCTURE

The structure of the area is rather complicated compared with that 

of other regions along the Front Range of Colorado. The folds and faults 

in the area are genetically associated with each other. For convenience 

of discussion, the following names are proposed by the writer (Plate XIV).

Hardscrabble Syncline.- The syncline which trends northwest to 

southeast along South Hardscrabble Creek.

Red Creek Anticline.- toe anticline which trends parallel to the 

Hardscrabble Syncline at the east end of the latter.

Watson Anticline.- The small anticline which crosses Watson Gulch 

at about two miles southwest of Wetdore.

Wet Mountain Fault.- The contact fault between the pre-Cambrian com

plex and the sediments in this area, and this continues further both 

south and north beyond the thesis area.

Hardscrabble Overthrust Fault.- The remnant of an overthrust fault 

which can be seen along South Hardscrabble Creek, and extends both south 

and north discontinuously. This is cut by the Wet Mountain Fault and 

largely removed by erosion.

Hardscrabble Composite Fault.- toe composite fault, composed main

ly of normal fault, but of reverse fault at the northern end, which occurs 

between the Hardscrabble Syncline and the Red Creek Anticline, and trends 

generally northwest to southeast and dies out at both ends.
Horth Red Creek Fault.- toe small hinge fault which runs northeast
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to southwest along North Red Creek.

Folds

Hardscrabble Syncline (Fig. 1, Plate III).

The Hardscrabble Syncline is exposed along South Hardscrabble Creek 

from which the name has been taken. The trend of the syncline is north

west to southeast, plunging northerly six to seven degrees. The southern 

end of the syncline is closed, but the northern end opens into the 

northern plain, The width of the syncline is 1 to 1.5 miles, the length 

about 8 miles. The eastern edge of the syncline, which is the western 

limb of the Red Creek Anticline, is the Dakota sandstone dipping 45 de

grees to the west. Along South Hardscrabble Creek, the Dakota dips 5 
to 10 degrees toward the west. The western boundary of the syncline Is 

not shown, because of the Hardscrabble Overthrust Fault. The south

western end of the syncline is formed by the Fountain, where the Units 

A and B outcrop In the trough area, but the Dakota sandstone forms a 

high cliff along the edge of the syncline.

Red Creek Anticline (Plate XV).

On the east of the Hardscrabble Syncline, the Red Creek Anticline 

is exposed, and the two are separated by the Hardscrabble Composite 

Fault. The axis of the anticline is almost parallel to the axis of the 

syncline, but they nearly converge at the northwestern end. The plunge 

of the anticline is the same as that of the syncline in amount end direc

tion. There are three outcrops of the pre-Cambrian complex in this 

anticlinal area. The largest outcrop is in the center of the anticline



Red Creek Anticline looking south from its northern nose. Dakota hogbacks ap
pear in left-hand side of foreground and right-hand side of background. The 
middle mountain is composed of the Fountain formation.

o

Plate XV
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area along Soda Gulch. Another outcrop is along Bell Gulch, south of 

the former, and the third one is in the northern part of the anticline 

area. The Fountain to the west of the pre-Cambrian complex masses dips 

westerly 55 to 60 degrees which was caused by the Hardscrabble Composite 

Fault, whereas the dip is only 25 degrees to the east along the eastern 

edge of the complex, and it is horizontal on the top of the complex. On 

the northwest of the largest outcrop of the pre-Cambrian complex, the 

Fountain dips northwesterly with a low angle, whereas the southeastern 

part is open with a gentle dip towards Beulah area. The Dakota sand

stone forms a ridge surrounding the core of the anticline. The dips and 

strikes of the formations on the limb of the anticline vary from place 
to place. They are steep on the northern side and flatter on the south.

On the northern limb of the main anticline, two minor anticlines and 

a syncline were observed, and their axes diverge outward from the main 

axis forming a fan-shaped structure. In secs. 19 and 30, T. 21 S., 

R. 68 W., a small anticline runs slightly to the northeast. East of 

this small anticline the Benton and the Niobrara have been folded Into 

another small syncline so that the outcrops of these formations occur up 

to the middle of the slope. The presence of these anticlines and syn

clines on the limb of the Red Creek Anticline, and the convergence of the 

axes of the Hardscrabble Syncline and of the Red Creek Anticline to the 

same point in the northwestern part of the area, indicate that the stress

es were developed from southeast to northwest direction in this particular 

area. There was also a lateral force which was approximately normal to 

the former direction and which was due to the upheaval movement of the 

pre-Cambrian complex.
The formations up to the Pierre have been folded and faulted by these 

stresses, but the conglomerate bed has not been affected by the same
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•tresses. This suggests that the stresses occurred during the post

Pierre and pre-conglomerate, which is believed to be of late Tertiary or 

early Pleistocene age. Thus the age of the movement is deduced to be of 

the Laramide Revolution.

Watson Anticline (Fig. 1, Plate VIII) , „

The Watson Anticline Is exposed in sec. 16, T. 20 S., R. 69 W., and 

plunges to the north at 15 to 2(f. The strike and dip of the beds on the 

limbs of the anticline are variable from place to place, N. 85° W., 

30° WE on the northern flank; H. 60° W., 42° ME., on the middle part; and 

N. 10° W., 70° SW on the southern flank of the anticline. The typical 

crinkled sandy limestone is exposed on the cliff of the Watson Anticline. 

This anticline is cut diagonally by the Wet Mountain Fault in the south

ern end.

Miscellaneous Folds

The dominant structural feature in the Northern Plain area is the 

northerly or northwesterly dipping monocline (Plate XVI). On the north

western part of the area, the formations trend N. 45°-60° W., and dip 

80° to 35° WE; on the northwestern part of the area, the strikes vary 

from N. 50° E., to N. 75° E., dip 5° to 10° MW. Thus the northern part 

of the area forms a small gentle syncline.

Faults

Wet Mountain Fault

The Wet Mountain Fault forms the contact between the pre-Cambrlan 

complex on the west and sedimentary formations on the east. It generally 

trends from southeast to northwest in the southern area, but in secs. 21, 

28, and 33, T. 21 S., R. 69 W., the fault curves to a ». 30° E. strike.
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North Plain area looking north and east. lounger sedimentary formations 
are dipping northwesterly with very low angle.

V-H

Plate XVI
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Near Watson Gulch, it turns again to its normal direction. Although no 

direct fault planes can be traced in this area, the presence of the 

fault is inferred by the structural relations of the sedimentary forma

tions with the pre-Cambrian complex. In the northern part of the area, 

sec. 16, T. 21 S., R. 69 W., where the Watson Anticline was created by 

the bending of the sedimentary formations, the Fountain, the Units A and 

B, and the Morrison, form the contact with the pre-Cambrian complex. Both 

north and south from the Watson Anticline, these formations are cut suc

cessively by the Wet Mountain Fault, and then the Dakota formation comes 

in contact directly with the pre-Cambrian complex. In sec. 28, T. 21 S., 

R. 69 W., and in the area between Hardscrabble Creek and South Hard

scrabble Creek, the fault is not traceable, because the fault runs in 

the pre-Cambrian complex. Along the area between South Hardscrabble Creek 

and North Creek, a fault scarp can be seen dipping eastward. The dip of 

the sediments which contact directly with the granite is generally 60 to 

80 degrees eastward. On Highway 96, sec. 33, T. 21 8., R. 69 W., the 

apparent dip of the Dakota is nearly 80 degrees to the east, whereas the 

true dip is only 20 degrees eastward. This apparent dip is a local shear

ing plane along which the Dakota sandstone had moved and bent step by 

step to nearly vertical (Fig. 1, Plate XVII). In sec. 21, T. 21 8., 

R. 69 W., the Dakota sandstone dips 45 degrees to the west, probably be

cause of a change of the dip of the fault.

*fiie writer believes the Wet Mountain Fault to be a high-angle normal 

fault dipping easterly, but partly (as shown in sec. 21, T. 21 8., 

R. 69 W.) a high-angle reverse fault dipping westerly, and has no evidence 

of how much vertical offset there is.
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Plate XVII

Folded Dakota sandstone at the contact against pre-Cambrian 
complex (lower part of the right-hand side), in the middle 
of sec. 33, T. 21 S., R. 69 W., along Highway 96.
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Hardscrabble Composite Fault

This fault runs between the Hardscrabble Syncline and the Bed Creek 

Anticline approximately parallel to the Wet Mountain Fault about one to 

one and one-half miles to the east of the former. At Greenwood, near the 

northern end of the fault, it nearly approaches to the Wet Mountain Fault, 

swings to the north, and then disappears. Probably the fault is dying out 

at both «ids. The evidences to prove the existence of this fault are as 

follows:

1. Along the headwater of Cooper Gulch in the southern part of 
the fault, the Fountain dips 50 to 60 degrees westward, 
whereas away from the fault it dips less than 10 degrees. 
This is supposed to be the drag of the fault.

ZZ 5 &9U/
2. In the northeast comer of sec. 12, T. 21 S., R. 68 W., the 

Dakota sandstone is in direct contact with the Fountain, 
Whereas the normal sequence of the sediments is observed, 
both north and south of this point.

ZZ
3. On thejri^g® in the northeast corner of sec. 2, T. 21 8.,

R. 68 W., the Morrison sandstone appears on the Dakota sand
stone hogback. From this point for about two miles^up to 
the south-central part of sec. 27, T. 21 S., R. 68 W., the 
basal member of the Dakota (conglomerate) has been observed 
to override the upper member.

4. On the northern part, west and northwest of Greenwood, the 
younger sediments, the Benton and the basal member of the 
Niobrara, were cut by the fault so that no outcrops of 
these formations can be seen on the surface. Also, the 
Dakota sandstone between sec. 16 and 15, T. 20 S.,
R. 69 W., is so much disturbed that the writer could not 
figure out the general picture.

There is no direct evidence to establish the continuity of the. two 

fault outcrops (evidences 1, 2, and 3 fault, and evidence 4 fault) des

cribed above, but the general trend of the fault outcrops may be inter

preted to be the one and the same fault.

This fault was formed by the uplift movement of the pre-Gambrian 

complex which is now exposed on the surface. Apparently due to this move-
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ment, both the footwall, which la the Fountain, and the hanging-wall 

have moved up, but the footwall block haa gone up more than the hanging

wall block. This suggests an apparent normal fault. The measurement of 

the stratigraphic throw by means of cross section has shown that the max

imum stratigraphic throw is 2400 feet in sec. 12, T. 21 S., R. 68 W., 

which is located to the west of the uplifted anticline. In the north

central part, where section M-M was measured (see Geologic Map) the throw 

is only 200 to 250 feet. At this point the footwall block has moved down 

with respect to the hanging-wall block; in other words, in the northern 

part, it is a reverse fault. This is due to the differential uplift move

ment of the Red Creek Anticline with which the Hardscrabble Syncline had 

moved up at the same time, and then the northern tip of the anticline had 

moved down slightly compared with the synclinal part due to an adjust

ments! movement.

This fault may be defined as a hinge fault by judging the above 

facts, but the field evidences are more complicated. Therefore, the 

writer would like to define this fault as a composite fault.

The relationship between the Wet Mountain Fault and the Hardscrabble 

Composite Fault could not be studied because of lack of field evidence. 

However, the writer believed that they are of the same time in age, prob

ably occurring during the Laramide Revolution.

Hardscrabble Overthrust Fault

The presence of the fault was first recognized when the writer was 

working at the outcrop of the pre-Pennsylvanian formations in South Hard

scrabble Creek, where the pre-Pennsylvanian formations rest on the younger 

formations from the Fountain up to the Dakota with very low angles —



58

10 to 15 degrees (Fig. 1, Plate VI). Again, near the junction of Highway 

274 and the Beulah Highway, the Fremont limestone rests on the Greenhorn 

limestone, which is topographically lower than the main outcrop. This 

Isolated outcrop of the Fremont limestone on the younger formation is 

called "klippe." Between secs. 28 and 33, T. 21 S., R. 69 W., the Dakota 

sandstone rests on the Graneros. Between Hardscrabble Creek and South 

Hardscrabble Creek, and in sec. 28, T. 21 S., R. 69 W., the pre-Cambrian 

complex rests on the younger sediments, up to the Greenhorn limestone. 

These facts suggest the presence of the overthrust fault. There are many 

remnants of the Dakota sandstone and in some places, even of the Green

horn limestone on the overthrust granite blocks. This suggests the per

iod of faulting and the distance the thrust moved.

Another thrust block has been observed in North Creek and is indica

ted by the pre-Pennsylvanian formations resting on the Fountain.

This overthrust fault is undoubtedly discontinuous because it is cut 

by the Wet Mountain Fault at several places, and largely removed away from 

this area because of a low thrust angle. Thus the age of the overthrust 

fault is later than the Greenhorn and earlier than the Wet Mountain Fault. 

The presence of remnants of the younger formations on the thrust granite 

blocks suggests that the horizontal movement of the thrust fault was not 

large. As observed in this area, the minimum breadth of the thrust is 

less than a mile.

North Red Creek Fault

This fault runs nearly parallel to North Red Creek with a northeast

erly direction in the northeastern part of the area. The existence of 

this fault is still doubtful, because of thick soil covering on the area, 
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and the ambiguity of the position of the contact between the Timpas and 

the Apishapa. Along the northwestern side of the fault in the north

eastern part of the area, reappearance of a narrow band of the Timpas 

limestone proves that this is a reverse fault. In the headwater of 

Richie Gulch, between secs. 22 and 23, T. 21 S., R. 68 W., the Apishapa 

apparently moved down compared to the Timpas limestone. Therefore, this 

part is a normal fault. In both oases the throw of the fault is very 

small, and this opposite character of both ends of the fault suggests a 

hinge fault. The southwestern end of the fault is covered by glacial 

deposits, and the northwestern end probably dies out.

This transverse fault was formed later than all the previously men

tioned faults because of adjustments! movement.

Other Minor Faults

In the southwestern part of the Hardscrabble Syncline, a small re

verse fault runs in the Dakota sandstone. Due to the Incompetent charac

ter of the Dakota sandstone and both uplift movements of the pre-Cambrian 

granite on the west (main body) and the east (Red Creek Anticline) of 

this point, a reverse fault was formed.

Many small normal faults are observed at the northwestern tip of the 

Red Creek Anticline. These normal faults were formed by sharp folding on 

the nost of the main Red Creek Anticline, and now appear as step faults. 

The Dakota sandstone shows drag effect at the nose of the Red Creek Anti

cline.

East of these faults, there is one reverse fault which trends H. 30° 

W., and dips westerly. The eastern part of this fault (hanging-wall) 

moved up several tens of feet. This fault was formed by wrinkling of the 

northern limb of the Red Creek Anticline.
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Another minor fault runs in a northeasterly direction in the north

western corner of the thesis area. No vertical and horizontal offsets* 

were observed, but sudden change of strike and dip of the sediments sug

gests the presence of the fault.

These minor faults are not significant in considering the general 

structural features of the area, because they were formed immediately 

after the major faults were formed as adjustmental movements. However, 

they give many suggestions regarding the adjustmental movements after 

the Laramide Revolution in this particular area.

Joints

Two sets of joints are observed in the competent beds of the Dakota, 

and of the Greenhorn and Timpas limestones on the limbs of the Red Creek 

Anticline. The strike of the joints is parallel to the axis of the Red 

Creek Anticline, and the dip is in two opposite directions almost per
pendicular to each other, 25 to 45° NE and 50 to 70° SW. Thus, the 

joints are believed to have been formed by the compressive force acting 

normal to the axis of the anticline. The axial plane of the anticline 

is inclined westerly about 20 degrees from the vertical. This relation

ship is well demonstrated by the fact» that the formations on the eastern 

limb of the anticline, that is, in the northeastern part of the area, 

are more gently sloping than on the southwestern part of the area, that 

is, on the western limb of the anticline.

In many places, slickensides are well developed, especially in the
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Dakota sandstone, but they are so irregular that the writer could not 

determine their orientation. However, abundance of slickensides in the 

Dakota sandstone reveals that the adjustments were widespread.

Schistosity

The schistosity of the pre-Cambrian complex generally strikes H. 

70 to 80° E. with a dip of 60 to 75 NW, but that of the overthrust block 

is variable from place to place, N. 35° E., 80° NW m the central block 

to the west side of the area; N. 85° W. to E-W, 75° NE in the block along 

South Hardscrabble Creek. Three sets of well-developed joints with dif

ferent orientation were observed along Hardscrabble Creek; N. 20° E., 

87 SE; N. 25 E., 70 SW; and N. 80° E., 25 SE, whereas along Soda Gulch, 

they trend N. 40° W., 55 SW; N. 5° W., 85 SW; and N. 40° E., 70 NW.

file schistosity of the granite mass in the Red Creek Anticline is 

more or less similar with that of the main body of the granite, with 

slight variation, fills may be due to differential movement, as already 

discussed.

Susaaa

file sedimentary formations up to the Pierre in this area have been 

folded and faulted by stresses, which have caused the structural develop

ment of the regions; but none of the conglomerate, which is the youngest 

formation in the area, has been affected by the same stresses. On the 
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basis of the above evidence it is assumed that these structural features 

were formed during the Larand.de Revolution, because there was no other 

significant disturbance after the Lar amide Revolution and before the 

Pleistocene. However, as already discussed, the Hardscrabble Overthrust 

Fault is cut by the Wet Mountain Fault. Therefore, there are at least 

two stages of movement. The Hardscrabble Overthrust Fault is apparently 

younger than at least the Greenhorn formation.

The direction of the stresses was from southwest to northeast be

cause of the differential uplift movement of the pre-Cambrian complex in 

this particular area. Besides this, there was another stress whose dir

ection was normal to the former direction, that is, from southeast to 

northwest. This minor stress was a result of differential movement of 

the granite, particularly in this area.

This complicated structure of the eastern flank of the Wet Mountains 

resembles the complex structure of the western flank of Wet Mountains 

which was described by Burbank (1933)»

Thus the structural features of the area studied by the writer point 

to the possibility that the Wet Mountains represent a strip of the uplift

ed foreland of the Sangre de Cristo Range.

Larand.de
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GEOLOGIC HISTQRX

fESzMirim Uss®

Since the writer did not study the pre-Cambrian complex in detail, 

he cannot discuss the historical development of pre-Cambrian time. How

ever, there is no doubt about the presence of the metagneiss which is 

now enclosed in the Pikes Peak granite. This reveals that there were 

many cycles of deposition, intrusion, metamorphism, and erosion which re

main unknown to us because of scarcity of evidence.

Before erosion took place, the Pikes Peak granite intruded into 

metamorphosed sedimentary formations, which are now represented by meta

gneiss, under considerable depth, and in turn they were penetrated by 

pegmatites.

Paleosols Era

The occurrence of the Paleo sole sediments in this area Indicates 

the numerous cycles of submergence and uplift during Paleosole time. The 

writer does not know that an absence of Cambrian sediments in this area 

suggests whether during post-Sawatch and pre-Hardlng time this area re- 
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aained as land so that erosion took place and removed the Sawatch sand

stone or there was no deposition of the Sawatch sandstone because of 

scarcity of evidence. However, Brainerd and others (1933) referred to 

non-deposition of Sawatch sandstone in the southern Front Range.

At the beginning of Ordovician time, the sea withdrew from the Rocky 

Mountain region, and at middle Ordovician time the sea was contracted as 

small and shallow, in which the Harding sandstone began to be deposited 

in this area. The presence of worm castings in the base of the Harding 

sandstone suggests its near-shore phase. Approaching the upper Ordovi

cian, the sea began to expand in this area, and the Fremont limestone was 

deposited in this little deeper sea.

During Silurian time the sea withdrew from the entire Rocky Mountain 

region. No Silurian sediments have been found either in this region or 

this particular area.

During lower Devonian time the sea was still contracted and no sedi

ments were deposited in this area. At the beginning of middle Devonian 

time subsidence began, which apparently extended into central Colorado 

and resulted in the deposition of the Williams Canyon limestone and dolo

mite (Bartram, 1939).

During lower Mississippian time the sea reached its maximum expansion 

in the Rocky Mountain area in which the Madison limestone was deposited. 

Hie sea again began to withdraw at the end of lower Mississippian time, 

and remained only in the western Cordllleran Geosyncline during upper 

Mississippian time. During this period this area remained a land mass so 

that erosion took place and entirely removed the pre-Mississippian sedi

ments from this area except from a small area which Is now shown by the
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overthrust blooks in the South Hardscrabble Creek area. n

Through lower Pennsylvanian time the Rocky Mountain region remained 

an Island; consequently, there are no lower Pennsylvanian sediments in 

this area. The uplifted land mass was rapidly eroded, and the sediments 

of the post-Harding to Madison were removed from this area; most of the 

Harding sandstone was also removed. Arkosic conglomerate and sandstone 

of the Fountain were deposited in alluvial fans in upper Pennsylvanian 

time. The color of the sediments and the abundance of unaltered felds

par fragments suggest arid to semi-arid conditions (Van Tuyl and others, 

1933). The lithology of the sandy shale, which contains a few limestone 

lenses in the uppermost horizon of the Fountain, indicates that during 

the end of upper Pennsylvanian time the sea advanced slightly, and the 

land mass was eroded to a lower surface.

If the Unit A were middle Permian and not Pennsylvanian, there was 

a long period from upper Pennsylvanian to middle Permian during which the 

area remained as land so that erosion took place. This relationship is 

now represented by the unconformity between the Fountain and the Unit A 

in this particular area. The Unit A was deposited on the shore, and this 

is proved by the abundance of ripple marks in the formation. However, 

the climatic conditions were almost the same as during the Fountain time, 

because of the presence of unaltered feldspars in the sandstones.

If the Units A and B are discriminated, as discussed already, there 

is no sharp boundary between them. The similarity in lithology of the 

two formations indicates the same depositional environments and climatic 

conditions. The presence of the crinkled limestone suggests slight 

transgression of the sea.
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Mesosole Era

If the Unit B were of Permian age, only, as previously discussed, 

there was no deposition during Triassic time. During Triassic time the 

Front Range and the Wet Mountain area are believed to have been low lying 

land masses. Erosion took place, and bleached the Unit B and slightly 

eroded it away. If the Triassic sediments were deposited in this area, 

they were eroded away during this time (pre-Jurassic erosion).

Judging from the fact that there is no basal conglomerate member of 

the Morrison formation, this area remained as land until the beginning 

of upper Jurassic, in which the finer shales and sandstones were washed 

from west to east over the entire Rocky Mountain region on a flood plain. 

However, the presence of Aelistochara. shells, and Ostracoda indicates a 

stagnant, brackish or fresh lake environment. The lithologic change of 

the Morrison formation, together with this fact, suggests the numerous 

cycles of oscillation of the sea.
“how

Over this flat flood plain, the sea came into theARockies once 

again at the beginning of upper Cretaceous time. However, the presence 

of sandstone below the conglomerate bed in the bottom member of the 

Dakota, above which it is believed to be upper Cretaceous, might Indicate 

that some of the lower members of the Dakota are earlier than upper Cre

taceous. The successions of the formations of the Dakota, the Benton, 

the Mlobrara, and the Pierre, were deposited in this upper Cretaceous 

sea which was not so deep. The presence of worm eastings, plant impres

sions, and other marine fossil^ already described in the previous chapter, 

indicates that the sea was shallow, but a thick sediment was deposited by 

succeeding submergence of the floor.
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Near the close of the upper Cretaceous, before the Lar amide Revolu

tion started, the upper Cretaceous sea was very shallow as is suggested 

by some plant impressions and fossils.

Near the close of upper Cretaceous time, the upheaval of Wet Moun

tains had begun, and the upper Cretaceous sea withdrew from the region.

Cenozoic Era

So far as this area is concerned, the long history of sedimentation 

was completed at the end of Pierre time. The upheaval of the Wet Moun

tains continued until early Cenozoic time and formed the complicated 

structure in this area. The direction of the movement was from south

west to northeast in this particular area. There was another minor move

ment which direction was perpendicular to the former. The Wet Mountains 

were built as a foreland of the Sangre de Cristo Range by lateral move

ment. The plunge of the anticline and syncline was formed by the minor 

force which acted from southeast to northwest.

At the end of Tertiary or early Pleistocene, the high parts of this 

area were probably covered by mountain snow, and sedimentation took place 

which is now suggested by gravel deposits in this area.
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MUERAI. RESOURCES

1. Petroleum
The Florence oil field is located a few miles northwest of the area. 

There is some possibility of producing oil in the northern plain area 

near Wetmore. In the center of see. 10, T. 20 S., R. 68 W., drilling for 

oil was done by a private person during the summer of 1950, and reached 

about 360 feet below the surface in the Pierre shale.

2. Mineral Springs
There are two mineral springs which contain COg in this area, one 

near Soda Spring, and the other near Babcock Hole. Both of them are in 

the Fountain formation. In the Soda Spring area, travertine (calcareous 

sinter) has been deposited.

3. other Mineral Resources
No other mineral resources were recorded from this area.
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