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ABSTRACT

The Mt. Pittsburg 7% minute quadrangle is along the 
southern end of the Colorado Front Range and encompasses 
parts of Fremont, El Paso, and Pueblo Counties. All streams 
in the quadrangle are ephemeral tributaries of the Arkansas 
River.

Exposed rocks in the quadrangle range in age from 
Precambrian to Cenozoic. Precambrian rocks occur in the 
northwest part of the quadrangle. Metamorphic rocks of the 
Idaho Springs Formation are more than 1.7 billion years old 
and consist of gray, fine-_to medium-grained quartz biotite 
gneiss. Age of the Silver Plume Granite is about 1.45 
billion years and the Pikes Peak Granite has been dated at 
about 1 billion years.

Paleozoic and Mesozoic sedimentary rocks include the 
Manitou, Harding, and Fremont Formations of the Ordovician; 
Fountain, Lyons, and Lykins Formations of the Pennsylvanian 
and Permian; Ralston Creek and Morrison Formations of the 
Jurassic ; and the Dakota Group of the Cretaceous. The 
Cenozoic is represented by Quaternary alluvium.

The Manitou Formation unconformably overlies the. 
Precambrian rocks and ranges up to 35 m thick. It crops out 
discontinuously, probably owing to post-depositional erosion 
and faulting. The Manitou is subdivided into three members : 
the lowermost Helena Canyon Member, a middle cherty member, 
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and an upper non-cherty member.
The Harding Formation is 26 to 29 m thick and discon

form ably overlies the Manitou. It consists of a basal 
conglomeratic sandstone overlain by three fine-grained quartz 
sandstone units interbedded with two reddish brown shale units.

The Fremont Formation is about 30 m thick and consists 
of fine-grained dolomite and dolomitic limestone that contains 
coarse sand grains. Much of the Fremont has been removed by 
prePennsylvanian erosion.

The Fountain Formation is 500 to 600 m thick and discon- 
formably overlies older rocks along the mountain front. It 
consists of three major lithologies: a basal quart sandstone, 
a middle arkosic conglomerate, sandstone, and siltstone unit, 
and an upper unit of sandstone, siltstone, and limestone.

The Lyons Sandstone is about 80 m thick and interfingers 
with the Fountain. Grain size, color, and quartz and feldspar 
content provide a basis for distinguishing the Lyons from the 
Fountain and Lykins Formations.

The Lykins Formation is about 44 m thick and consists 
of of interbedded red siltstones and gray wavy laminated 
dolomite and dolomitic limestone.

The Ralston Creek Formation is 20.9 m thick and consists 
of interbedded siltstone, sandstone, and gypsum. The 
evaporite and detrital sediments reflect playa lake deposits.

The Morrison Formation is transitional with the Ralston 
Creek, and consists of about 100 m of interbedded claystone,
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siltstone, sandstone, marlstone, and limestone.
The Dakota Group is 76.1 m thick and includes the Lytle 

and Glencairn Members of the Purgatoire Formation and the 
Dakota Sandstone. The Lytle consists of 18.6 m of cross
bedded, conglomeratic, and lenticular sandstones. The 
Glencairn consists of 27.4 m of interbedded sandstone and 
shale. The Dakota Sandstone consists of 30.1 m of red to 
olive-green, cross-stratified, fossiliferous sandstone that 
reflects coastal plain and near-shore deposition. Type and 
degree of cementation of the Dakota Sandstone vary greatly 
within the study area indicating complex post-depositional 
compaction and deformation.

Remnants of pediment gravel surfaces developed during 
Quaternary time cap bedrock surfaces at several different 
levels. Landslides occur around the perimeter of cuestas and 
canyons. Colluvium and alluvium occupy slopes and stream 
bottoms throughout the area.

Most of the structural features in the area were 
produced by the Laramide orogeny. The Mountaindale Fault is 
a north-trending reverse fault .along Red Creek that truncates 
lower Paleozoic rocks. The Red Creek Fault is a southeast 
dipping reverse fault that cuts Paleozoic beds west of Red 
Creek. The largest normal fault is in Patton Canyon and 
trends north. Numerous faults are associated with landslides 
in the study area.

The largest fold in the area, the Red Creek anticline, is 
asymmetric to the west and plunges to the south-southeast.
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A smaller anticline and intervening syncline occur to the 
west of the Red Creek anticline.

Landslides, in the area, are controlled by depth of 
erosion and surface proximity to the gypsiferous Ralston 
Creek Formation. Gypsum occurs at the bases of slides and 
exhibits plastic flow deformation.
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INTRODUCTION

The objective of the study was to provide a detailed 
map of the geology of the Mt. Pittsburg Quadrangle and to 
describe the stratigraphic relationships and structural 
features in the area.

Location and Description of Area

The Mt. Pittsburg Quadrangle is located at the 
southern end of the Rocky Mountain Front Range, 
approximately 15 miles southwest of Colorado Springs, 
Colorado (Fig. 1), and includes a portion of Fremont, 
El Paso, and Pueblo Counties. Colorado State Highway 115 
passes diagonally through the central portion of the 
quadrangle from northeast to southwest. The area southeast 
of Highway 115 is part of the Fort Carson Military 
Reservation. The land northwest of the highway is 
privately owned. Numerous gravel and dirt roads lead from 
the highway into the thesis area, providing generally good 
accessibility.

Relief in the mapped area is moderate except in area 
of Precambrian rocks to the northwest where the maximum 
elevation is 2,604.2 m (9,200 ft) (Fig. 2). In the south
east portion is a relatively flat area called Sullivan Park
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Figure 1. Index map showing the location of the Mt. 
Pittsburg quadrangle in relation to access routes and 
principal cities.
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Figure 2. View north of the Precambrian rocks in 
the northwest portion of the study area.
Photograph was taken as the base of Table Mountain 
(Pl. 1) looking north across a Quaternary terrace 
gravel surface. Precambrian metamorphic rocks, 
principally biotite gneiss, of the Idaho Springs 
Formation, fringe the southern Front Range and the 
Pikes Peak Granite occupies the far background.
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with an average elevation of 1,828.8 m (6,000 ft) (Fig. 3). 
Linear hogback ridges and cuestas surround the flatter areas 
and flank the mountain front. Locally, the ridges and 
cuestas have a relief of 122 to 150 m (400 to 500 ft).

The area is drained by a system of consequent and 
subsequent streams. The two principal consequent streams 
are Turkey Creek and Red Creek which cut across beds of 
Paleozoic and early Mesozoic age. Minor subsequent streams 
have developed strike valleys on the less resistant rocks. 
All of the streams in the area are intermittent and are 
tributaries of the Arkansas River.

The vegetation is sparse and reflects a semiarid 
environment. Scrub cedar and pine.trees, sagebrush, 
soapweed, cactus, and varieties of short wiry grass are 
the principal species in the thesis area.

Methods of Study

A literature search in 1972 indicated considerable 
work in and around the thesis area. In general, most 
of the studies have been : (1) on the regional structure and
distribution of geologic units, or (2) on the details of 
stratigraphic units deposited during specific periods of 
geologic time. Many of the unpublished theses have been 
stratigraphic studies.
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Figure 3. View east of the southeast portion 
of the study area from the east side of Table 
Mountain (pl. 1). Red colored rocks in the 
middle foreground are part of the Fountain 
Formation dissected by erosion along Red Creek. 
In the background is Timber Mountain. Flat 
surfaces in the left middle of the photograph 
are capped by Quaternary terrace gravels. 
Sullivan Park is off the photo to the right.
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A photogeologic study of the thesis area was performed 
using U.S. Geological Survey (USGS) aerial photographs 
(scale 1:50,000) prior to field mapping. In addition to 
the USGS photography, high altitude aerial photography 
(scale 1:120,000) and sidelooking airborne radar imagery 
from the NASA Johnson Spacecraft Center, Houston, Texas, 
were used for studying structural features. These small 
scale images were useful in the area occupied by the 
Precambrian rocks, where relief was the greatest, but could 
not be used effectively in areas of low relief.

Nine weeks were spent in the field during the summer 
of 1972, during which conventional mapping methods were 
used. Detailed lithologic descriptions of the sedimentary 
rocks were compiled, and lateral and vertical variations 
were noted. Stratigraphic sections were measured at five 
locations. Rock samples were collected for thin section 
analysis when megascopic methods were not adequate for 
describing the rock constituents.

Detailed field mapping was conducted primarily in the 
sedimentary rocks, and only reconnaissance mapping of the 
metamorphic rocks was performed. Previously established 
stratigraphic nomenclature for the formational units was 
used, and no new names are proposed.
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STRATIGRAPHY

The oldest rocks exposed in the study area are 
Precambrian in age and the youngest are Cretaceous (Pl. 3). 
Cambrian, Silurian, Devonian, Mississippian and Triassic age 
rocks are missing in the thesis area.

Precambrian rocks consisting of the Idaho Springs 
Formation, Pikes Peak Granite and Silver Plume Granite (Boos 
and Boos, 1957) form the higher elevations and are dominant 
in the northwest portion of the study area (Pl. 1). 
Ordovician and Pennsylvanian rocks form a series of linear 
hogback ridges around the fringe of the mountain front.

The southeastern two-thirds of the area is occupied by 
sedimentary rocks which are Pennsylvanian to Cretaceous in 
age. Triassic age rocks are missing, either by nondeposition 
or pre-Jurassic erosion.

Erosion has removed a thick sequence of rocks younger 
than the Dakota Group. The most extensive removal has been 
over the Red Creek Anticline. Younger rocks are exposed 
south and east of the study area.

Quaternary alluvium and terrace gravels cap bedrock 
erosional surfaces at four or five different levels. No 
attempt was made to correlate these surfaces with other 
Quaternary gravels along the eastern Front Range.
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Precambrian Rocks

Previous Work

Precambrian rocks that form the Colorado Front Range 
have been investigated extensively (Lovering, 1929; Lovering 
and Johnson, 1950; Schulze, 1954; Boos and Boos, 1957; Harms, 
1959; and Tweto, 1964). Many of the studies have been 
regional in scope and only a few studies report detailed 
Precambrian geology at the southern Front Range.

Glockzin and Roy (1945) reported on the structure in 
the Precambrian and lower Paleozoic rocks in the area of 
Red Creek. Luchen (1964) made a similar study in the 
Phantom Canyon area.

The oldest known rocks in the Front Range, named the 
Idaho Springs Formation by Ball (1906), have been reported 
to be about 1.75 billion years old (Peterman, Hedge, 
Braddock, 1968). Age of the Silver Plume Granite has been 
determined to be about 1.45 billion years (Peterman, Hedge, 
Braddock, 1968). The Pikes Peak Granite, named by Cross 
(1894), has been dated by radioactive isotope techniques 
at about 1 billion years (Hutchinson, 1960).

Distribution and Characteristics

The Precambrian rocks were not studied in detail, and, 
therefore, were mapped as undifferentiated (Pl. 1).
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Reconnaissance traverses through the area occupied by the 
Precambrian indicated three general rock types occur. They 
have been mapped previously as the Idaho Springs Formation, 
Pikes Peak Granite, and Silver Plume Granite (Boos and 
Boos, 1957; Harms, 1959).

From Ford's Mountaindale Ranch to the western boundary 
of the study area, lower Paleozoic rocks rest unconformably 
on the metamorphic rocks of the Idaho Springs Formation. 
Idaho Springs rocks occupy a NE-SW trending zone over a 
mile wide northwest of Precambrian-Paleozoic contact (Fig. 4). 
They consist principally of gray, fine- to medium-grained, 
quartz biotite gneiss. Locally, quartz biotite schist and 
quartzite occur.

Numerous pegmatite dikes cut through the metamorphic 
rocks. They are generally coarse-grained, pink quartz 
monzonite and are probably related to the Pikes Peak Granite 
(Boos and Boos, 1957).

The metamorphic rocks are highly fractured and jointed. 
Three intersecting joint sets were observed along Red Creek 
Canyon. Two of the joint sets trend N 75° W and dip 30° to 
40° SW and 40° to 60° NE. Trend of the third set is N 20° E 
with a dip of 75° to 85° SE.

Pikes Peak Granite occupies the area north and north
west of the Idaho Springs Formation and is the predominant 
Precambrian rock type in the area (Fig. 4). Typically, it 
is a coarse-grained, red to pink, biotite granite composed
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Figure 4. View north of the Precambrian mass 
from Table Mt. in the northwest portion of 
the study area. Red to white Paleozoic rocks 
in the middle foreground lap upon the 
Precambrian. The area in the middle ground 
with a thick tree cover is underlain by the 
Idaho Springs Formation. In the far back
ground is the Pikes Peak Granite.
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principally of microcline, orthoclase and quartz. Locally, 
mica is very abundant and occurs in books up to 2 cm thick. 
The granite weathers to smooth, massive rounded boulders 
and coarse angular gravels.

Silver Plume-type granite of the Mt. Pittsburg stock 
has been mapped by Boos and Boos (1957) as a narrow belt 
adjacent to the foothills east of the Ford's Mountaindale 
Ranch (Fig. 5). The granite is typically pink to tan, 
medium-grained, composed of quartz, microcline, plagioclase 
(oligoclase), biotite, and minor muscovite. Boos and Boos 
(1947) suggest the Silver Plume-type granite was upthrust 
along the Mountaindale Ranch fault and extends under the 
sedimentary rock in the northern part of the Red Creek 
anticline.
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Figure 5. View northeast of Mt. Pittsburg and 
the southern end of the eastern Front Range 
from Table Mt. (see Plate 1). The orange rock 
in the middle center is the Manitou dolomite 
exposure at the Ford's Mountaindale Ranch 
quarry. Silver Plume-type granite occupies 
the area to the right of the quarry (Boos and 
Boos, 1957). Left of the quarry are meta
morphic rocks of the Idaho Springs Formation. 
Reverse faults bound the granite mass. Smooth 
grass-covered areas in the foreground are 
capped by Quaternary terrace gravels.
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Ordovician Rocks

Manitou Formation

Previous Work. Dolomite of the Manitou Formation, the 
oldest sedimentary rock in the study area, was named by 
Cross (1894) but he did not provide a detailed description. 
Brainerd, Baldwin and Keyte (1933) redefined the Manitou 
Formation and described the type section near Manitou 
Springs, Colorado. The type section is 66.4 m (213 ft) 
thick and consists of a lower thin-bedded cherty zone and 
an upper massive noncherty zone.

Within the Canon City embayment, Gerhard (1967) sub
divided the Manitou into three lithologic members. The 
lowest member, which Gerhard (1967) named the Helena Canyon 
Member, consists of approximately 3.1 m (10 ft) of massive 
pink dolomite. Gerhard's middle unit, called the cherty 
member, consists of 60-70 percent pink to white dolomite 
and 30-40 percent of irregularly bedded chert. His upper 
unit is massive-bedded dolomite with shaly partings capped 
by thin-bedded dolomite. The middle and upper members 
described by Gerhard (1967) are similar to those of Brainerd, 
Baldwin, and Keyte (1933).

Distribution and Stratigraphic Relationships. The
Manitou crops out discontinuously in the study area (Pl. 1) 
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and rests unconformably upon the Precambrian rocks. 
Thicknesses vary from 0 to 35 m (105 ft). Schulze (1954) 
reported that the Precambrian granites and metamorphic rocks 
exhibit a remarkably smooth surface, interrupted locally by 
small scale hummocks and undulations. Gerhard (1967) states 
that, in Helena Canyon, the basal contact rests on a thin 
regolith developed on Precambrian rocks and, in other places, 
a cobble-size quartz conglomerate in a limestone matrix 
occurs in the basal Manitou.

The contact between Manitou and the overlying Harding 
Sandstone is an undulatory surface and shows evidence of pre- 
Harding weathering and erosion. Angular discordance between 
the two formations was not apparent suggesting a disconform- 
able relationship.

The discontinuous distribution of the Manitou within 
the study area appears to be due primarily to faulting and 
pre-Pennsylvanian erosion. The repeated section of Manitou 
in the western portion of the study area (secs. 1, 2, 10 
and 11, T. 17 S., R. 68 W.) is obviously due to faulting 
(Pl. 2). A major fault truncates all of the lower Paleozoic 
rocks in the vicinity of Ford's Mountaindale Ranch (NE^, 
sec. 1, T. 17 S., R. 68 W.).

The lower Paleozoic rocks are not present along the 
mountain front from the Mountaindale Ranch to SW^NW<$, 
sec. 5, T. 17 S., R. 67 W. (Pl. 1). Little evidence of 
faulting along this stretch was observed and, therefore, 
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it appears that the absence of the lower Paleozoic rocks is 
due to pre-Pennsylvanian erosion or non-deposition.

From sec. 5, T. 17 S., R. 67 W. to the northern 
boundary of the study area, the Manitou is considerably 
thinner than west of Red Creek (Pl. 1) and exhibits irregular 
upper and lower boundaries. The Manitou in this area is 
intensely contorted and silicified.

Lithology. A section of the Manitou was measured at 
an abandoned quarry, north of Ford's Mountaindale Ranch 
(measured section 5, Appendix). The total thickness is 
35 m (115 ft) (Fig. 6).

The lower 6.3 m (20 ft) consists of coarsely crystalline, 
massive, red dolomite containing coarse sand grains near the 
base. The basal unit is notably lacking in chert and appears 
to be barren of fossils. These features distinguish the 
lower 6.1 m (20 ft) from the overlying units and may 
correlate with Gerhard's (1967) Helena Canyon Member.

The middle unit or cherty member (Gerhard, 1967) 
consists of 14.7 m (48 ft) of thin to massive, pinkish- 
red, dolomite that contains abundant chert seams. The chert 
occurs in irregular beds and nodules 2.5 to 10.2 cm (1 to 
4 in.) thick (Fig. 7). The dolomite in the middle unit is 
softer than at the base and shows increased evidence of the 
activity of organisms and wave action.
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Figure 6. The Manitou dolomite at the 
abandoned quarry north of Ford's Mountaindale 
Ranch. See measured section no. 5 in the 
appendix for descriptions of the units at 
this location.
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Figure 7. The cliff face at the quarry north 
of Ford's Mountaindale Ranch (SE<$NE<t, sec. 1, 
T. 17 S., R. 68 W.) reveals the unweathered, 
cherty middle member of the Manitou dolomite. 
The chert is light gray and occurs in irregular 
discontinuous seams 2.5 to 10.2 cm thick. The 
chert zone appears to be stratigraphically 
continuous. Fracturing of the dolomite is 
probably due to quarrying activities but a 
reverse fault is adjacent to this outcrop.
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The upper 14.2 m (46 ft) of the Manitou consists of 
interbedded pink dolomitic limestone and red dolomite, and 
contains stromatolites, oncolites, trace fossils and becomes 
sandy at the top (measured section 5, Appendix). The beds 
are generally massive with shale partings at 1 to 1.5 m 
(3 to 4 ft) intervals causing the rock to fracture into large 
blocks. Abundant white bleached zones occur in the upper 
portion, giving an overall appearance of banding. Gerhard 
(1967) attributes the banding to pre-Harding weathering.

The upper portion of the Manitou may be equivalent to 
the Gerhard’s massive noncherty member. However, chert 
does occur in the upper portion, but it is not as abundant 
as in the middle unit.

The lithology of the Manitou outcrops in other 
portions of the study area is similar to that at Ford's 
Mountaindale Ranch, however, some of the units appear to 
be missing. In the NW^NW^, sec. 11, T. 17 S., R. 68 W., 
the cherty unit is resting on the Precambrian (Fig. 8). 
This may be due to non-deposition of the basal unit over a 
local high of an undulating Precambrian surface. In NE^NW^, 
sec. 11, T. 17 S., R. 68 W. the cherty unit appears to be in 
fault contact with the Precambrian.

South of Turkey Canyon (NW^# sec. 5, T. 17 S., R. 67 W.) 
the upper portion of the Manitou has been removed by pre
Pennsylvanian erosion. Where the Fountain is lying directly
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Figure 8. The Manitou dolomite outcrop in 
sec. 11, T. 17 S., R. 68 W., is 

resting unconformably on Precambrian biotite 
gneiss. The basal, massive, non-cherty 
member appears to be missing and the cherty 
member occurs at the Precambrian contact. 
The Harding sandstone overlies the Manitou 
on the right side of the photograph.
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on the Manitou, the middle cherty zone is near the contact 
and the dolomite has been completely altered by silica 
replacement (Fig. 9). Solutioning is evident and it appears 
that a regolith formed on the Manitou surface.

Environment of Deposition. Gerhard (1972) suggests 
that the three lithologic units of the Manitou represent 
distinct facies of a broad tidal-flat environment. According 
to Gerhard (1972), the lower unit consists of subtidal 
sediments, the middle cherty unit of intertidal sediments 
and the upper non-cherty unit of supratidal sediments. 
Field observations tend to support Gerhard's interpretations 
but petrographic study of the fauna and micro structures is 
necessary to confirm them.

Following a period of erosion that ended by Early 
Ordovician (Canadian), a shallow epeiric sea transgressed 
into the area (Anderson, 1970). According to Anderson 
(1970), positive areas were very low and contributed only 
minor amounts of clastic material.

The basal Manitou was deposited as a stable shelf 
carbonate in shallow water on a relatively smooth 
Precambrian surface (Gerhard, 1967). Absence of the basal 
unit over local relief up to 6 m (Gerhard, 1967) on the 
Precambrian surface (NW^NW^, sec. 11, T. 17 S., R. 68 W. ) 
indicates shallow marine deposition. A subtidal environment
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Figure 9. Highly altered Manitou south of 
Turkey Creek (NW^_ sec. 5, T. 17 S., 
R. 67 W.). The rock is contorted, and 
silicified. Microkarst is evident. In 
this area the Fountain Formation overlies 
the Manitou and rests on what appears to 
be a regolith. The Manitou, in this area, 
is considerably thinner than west of 
Red Creek, probably as a result of pre
Pennsylvanian erosion.

»
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is suggested by the nature of bedding, lack of sedimentary 
structures and little evidence of faunal activity.

Deposition of the middle unit was subtidal to inter
tidal (Gerhard, 1972). Ripple lamination and trace fossils 
indicate increased activity of organisms and water. 
Predominance of bedded and nodular chert in the middle 
unit suggests fluctuating conditions in silica content in 
the sea water. Moore (1957) attributed chert beds in 
Mississippian carbonate rocks to chemical precipitation 
of colloidal particles that aggregated in layers of sili
ceous gel during periods of high silica content in warm, 
shallow sea water. His description of cherty carbonate 
units is similar to the middle unit of the Manitou.

Trace fossils, ripple lamination, and bedding at the 
base of the upper unit and sand grains, flat pebble 
conglomerate, algal structures (stromatolites and oncolites) 
at the top (measured section 5, Appendix) indicate inter
tidal to supratidal deposition. Blue-green algae structures 
in the form of oncolites (SE^NE^, sec. 1, T. 17 S., R. 68 W.) 
and stromatolites (NW^NW^j, sec. 11, T. 17 S., R. 68 W.) 
indicate a supratidal environment during deposition of the 
uppermost Manitou.
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Harding Formation

Previous Work. Walcott (1892) named the Harding 
Formation and described the type section at Harding's 
Quarry northwest of Canon City, Colorado. He provided a 
list of invertebrate fauna and described various vertebrate 
fish remains. The age of the Harding was established as 
Ordovician on the basis of faunal evidence.

In 1930, Edwin Kirk compared the Harding to other 
fish-bearing rocks of Ordovician age in the western United 
States (Tolgay, 1952). The areal distribution, stratigraphic 
relationships, and lithology of the Harding Formation in 
central Colorado was described by Lovering and Johnson 
(1933), Brainerd, Baldwin and Keyte (1933) and Johnson 
(1945).

Branson and Mehl (1933) correlated the Harding with 
the basal Chazyan on the basis of conodont assemblage. 
Pollack (1951) studied the invertebrate fauna and placed the 
age of the Harding in very late Chazyan and early Black 
River. Walcott (1892) had previously suggested that the 
Harding was equivalent to the Black River.

Glockzin and Roy (1945) performed a detailed study of 
the Red Creek area and mapped the structural features west 
of Ford's Mountaindale Ranch. They did not describe the 
stratigraphic units in detail. Harms (1964) conducted a 
regional study of the structural history of the southern
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Front Range and reported that a disconformity separated the 
Manitou from the overlying Harding Formation.

Gerhard (1967) provided a detailed description of the 
Harding Formation during his study of the Paleozoic geologic 
development of the Canon City embayment. He suggests that 
the Harding is Champlainian in age based upon the occurrence 
of ostracoderm plates.

Distribution and Stratigraphic Relationships. The 
Harding Formation is exposed in a narrow discontinuous 
outcrop along the edge of the mountain front in the northwest 
part of the study area. The distribution of the Harding 
Formation is dependent primarily upon post-depositional 
erosion and faulting.

The best exposures occur in the western part of the 
study area (SE% SE<$, sec. 9, T. 17 S., R. 68 W.) where 
the Harding overlies the Manitou and forms prominent hog
backs. In this area, the Harding is overlain by the Fountain 
Formation, probably as a result of faulting. Monk (1954) 
has suggested that the Fremont thins over a structural high 
at Phantom Canyon. This, coupled with pre-Fountain erosion 
may have removed the Fremont. The nature of the contact 
between the Harding and Fountain at NE^NE^, sec. 16, T. 17 S., 
R. 68 W. and the occurrence of abundant slickensides suggest 
a fault contact (Figs. 10 and 11).
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Figure 10. Contact between Harding sandstone 
and overlying Fountain Formation at NE%, NE%, 
sec. 16, T. 17 S., R. 68 W. A zone highly 
disturbed, deep red, shaley material, 30 to 
60 cm. thick, separates the white quartzose, 
silicified sandstone of the Harding and red, 
arkosic conglomeratic sandstone of the 
Fountain. Note the sharp upper surface of 
the Harding and irregular lower surface of 
the Fountain. The layer separating the two 
formations appears to be the mobile zone 
along which movement took place and may be 
the upper shale unit of the Harding.
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Figure 11. The upper sandstone of the Harding 
near the Fountain contact shown in Figure 10. 
Note the typical yellow stain of the upper 
sandstone and abundant slickensides which 
appear bright red. The slickensided surfaces 
are oriented in several different planes 
indicating a movement occurred in a zone 
instead of along a fault plane.
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A small synclinal fold in the Harding at SW%, sec. 10, 
T. 17 S., R. 68 W., resulted from the faulting in the area. 
Abundant slickensides, fracturing and repeated beds are 
typical of the tectonic style throughout the lower Paleozoic 
section between the syncline fold and Ford's Mountaindale 
Ranch (Pl. 1).

At SW% NW%, sec. 11, T. 17 S., R. 68 W., the Harding 
is in fault contact with the underlying Manitou. A small 
erosional gully exposes the fault zone. Slivers of the 
Harding appear to have been thrust upon the Manitou from 
the southeast. Abundant 30 to 60 cm (12 to 24 in.) offsets 
occur in the Harding bedding and the surface of the Manitou 
is very irregular and brecciated. The lower one-half of the 
Harding has been cut off by the fault with red to white 
interbedded sandstone and shale occupying the fault zone. 
A yellow stained, very fine-grained sandstone typical of 
the upper Harding occurs above the fault zone.

Two hundred meters to the north is a second outcrop of 
Harding, where the upper one-half is missing as a result of 
faulting. The Harding forms a saddle between the two 
repeated exposures of Manitou Formation.

Southwest of the Mountaindale Ranch, the Harding has 
been severely fractured, and in general, is a slope former. 
Where the Harding is capped by the competent Fremont, the 
Harding forms a saddle between hogbacks of the Fremont and 
Manitou.
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Along the mountain front south and east of the 
Mountaindale Ranch, the Harding is missing, probably as 
a result of pre-Pennsylvanian erosion or non-deposition. 
South of Turkey Creek (SW%SE%, sec. 32, T. 16 S., R. 67 W.), 
the Harding overlies the Manitou as a thin discontinuous 
unit. Where the Harding does not form a rock outcrop, float 
of Harding sandstone very often covers slopes formed by 
dolomite of the Manitou Formation.

Because of the intense fracturing, and poor exposures, 
the nature of the contact between the Harding and Manitou is 
difficult to observe. Where observed, the upper surface 
of the Manitou is irregular and undulatory. In several 
areas intense weathering (NW%NE%, sec. 5, T. 17 S., R. 67 W.) 
and scouring (NE^SW^, sec. 10, T. 17 S., R. 68 W,) indicates 
a period of pre-Harding sub-aerial exposure and erosion. 
In other areas the basal Harding appears to be conformable 
with the Manitou’s undulatory upper surface (Fig. 12). While 
field observations in the study area may not be conclusive, 
no angular relationships are evident, and it appears that a 
disconformity separates the Harding and underlying Manitou 
Formation.

Lithology. The Harding Formation is approximately 
26 to 29 m (85 to 95 ft) thick consisting of a basal 
conglomeratic sandstone, three interbedded very fine- to 
fine-grained quartz sandstones and two shales. While a
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Figure 12. Contact between the Manitou 
dolomite and Harding sandstone at SW^SW^, 
sec. 10, T. 17 S., R. 68 W. The upper 
Manitou is a pink, massive, sandy dolomite 
with an irregular undulating upper surface. 
The basal Harding is a red, poorly sorted, 
very calcareous sandstone containing very 
large, frosted, pitted, rounded sand 
grains and appears to be conformable with 
the Manitou.
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detailed section of the Harding was not measured because of 
the intense fracturing, field observations agree with a 
section measured by Pollack (1951) and Tolgay (1952) 
southwest of the study area near Phantom Canyon.

The basal conglomeratic sandstone ranges up to 3 m 
(10 ft). It is a pink to red, coarse- to medium-grained, 
calcareous, sandstone containing pebbles up to 13 mm in 
maximum dimension. In some localities the matrix is fine
grained sand. In most instances, the larger grains are 
poorly sorted, rounded to subrounded, poorly packed and are 
floating in a fine-grained matrix and carbonate cement 
(Fig. 13). The surfaces of the large grains are frosted and 
pitted. The basal unit exhibits a fining-upward sequence 
with fewer coarse-grained sand lenses toward the top. 
Cement changes from predominantly calcium carbonate at the 
base to silica at the top. Color of the basal unit is due 
to the degree of iron staining.

Above the basal unit is 6 to 9 m (20 to 30 ft) of white 
to pink, fine- to very fine-grained, subrounded, moderately 
well-sorted, well-packed, thin-bedded, fossiliferous quartz 
sandstone. The sandstone is highly silicified, hard and 
brittle and intensely fractured and jointed. Evidence of 
ripple marks and trace fossils (burrows, tracks, and trails) 
occur locally.

The first shale unit of the Harding is mostly covered 
in the study area. Where exposed, the unit consists of
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Figure 13. Photomicrograph of the basal 
Harding sandstone, polarized light, from 
the quarry north of Ford's Mountaindale 
Ranch. The larger grains are rounded to 
subrounded, poorly packed and floating in 
a matrix of fine-grained sand and abundant 
carbonate cement. Note the pitted surfaces 
of the large quartz grains. Some over
growths and sutured boundaries are evident.
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1.5 to 4.5 m (5 to 15 ft) of red to brown shale with thin 
interbedded, white to red, very fine-grained, quartz sand
stone .

The next unit is 4.5 to 6 m (15 to 20 ft) thick, white 
to buff, fine- to very fine-grained, well-sorted, massive, 
quartz sandstone (Fig. 14). The sandstone is silicified, 
brittle, and highly fractured. Iron banding, wavy lamina
tions, and trace fossils occur locally.

The second shale unit is similar to the lower shale 
unit, and is covered in most of the area. It is a pink to 
deep red, fissile shale with some sand near the top.

The upper sandstone is 4.5 to 6 m (15 to 20 ft) thick, 
distinctively mottled and banded white, buff to purple near 
the base, becoming yellow stained in the top 3 m (10 ft). 
It is a fine- to very fine-grained, well-sorted, massive 
quartz sandstone containing abundant fish plate. Wavy 
laminations accentuated by iron staining may be indicative 
of ripple marks.

Environment of Deposition. Pollack (1951) concluded 
that the lithology and high degree of sorting of the Harding 
indicated that it was deposited in a stable shelf marine 
environment. Uniformity and maturity of the mineral suite; 
fineness and angularity of grains; and absence of cross
bedding and ripple marks suggested to Tolgay (1952) that the 
Harding was deposited in an infraneritic environment on a
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Figure 14. Photomicrograph, polarized light, 
of the middle Harding sandstone at SW%SW^r 
sec. 10, T. 17 S., R. 68 W. This sample is 
white, fine- to very fine-grained, subrounded 
to subangular, well-sorted, highly packed, 
silicified quartzose sandstone. Note the 
high degree of grain-to-grain contact and 
sutured boundaries.
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stable platform. The configuration of the thickness dis
tribution in the Canon City embayment is similar to that of 
the Manitou, suggesting a similar depositional environment 
(Gerhard, 1967).

The lithology, grain size, sorting, fauna, and bedding 
within the study area appear to be similar to other areas 
in the Canon City embayment, and substantiate that the 
Harding was deposited in a shallow marine environment, 
probably in the neritic zone.

Input of detrital material was greater than during 
Manitou time but deposition was relatively slow, allowing 
sufficient time for wave and current action to winnow out 
finer particles. The high degree of sorting of the 
sandstones of the Harding Formation indicate that they were 
reworked many times. The reworking could also account for 
the general absences of ripple marks and trace fossils.

The shales represent a reduction in coarser detritus 
and lower energy conditions. Pollack (1951) indicated 
that as the shales thicken the sandstones thin, and vice- 
versa. This lateral variation in thickness could be caused 
by local variations in bottom configuration, current action, 
and shifting of the sources of sediment.
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Fremont Formation

Previous Work. The Fremont Formation was named by 
Walcott (1892), who described the type section at Harding's 
Quarry northwest of Canon City, Colorado. He provided a 
faunal list of the invertebrates, established the age of 
the Fremont as Ordovician, and noted that the fauna 
indicated a Trenton Age.

Brainerd, Baldwin, and Keyte (1933) performed a 
detailed study of the pre-Pennsylvanian stratigraphy along 
the Front Range and in the Canon City embayment. Johnson 
(1945) presented a complete resume' of previous information 

of the Fremont giving faunal lists, stratigraphic sections, 
and an extensive bibliography. Maher (1950) correlated the 
surface rocks in eastern Colorado and western Kansas with 
the rocks cropping out along the Front Range.

Sweet (1954) divided the Fremont Formation into two 
members : a lower massive dolomite member, and the Priest 
Canyon Member above. He distinguished the massive member 
from the overlying fine-grained, thin-bedded argillaceous 
dolomite (Priest Canyon Member) on the basis of lithology 
and fauna. Monk (1954) took exception to Sweet's sub
division of the Fremont. He reported that results of his 
study do not agree lithologically or faunally with Sweet's 
conclusions and considers the subdivision unworkable and 
invalid. Gerhard (1967) also rejected the name Priest 
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Canyon Member because the unit cannot be consistently 
recognized in the Canon City embayment.

Brainerd, Baldwin, and Keyte (1933) suggested the 
Fremont represents upper Trentonian and part Richmondian 
time. Monk (1954) considers the Fremont to be Richmondian 
in age on the basis of fauna while Sweet (1954) interpreted 
the Fremont to be of Cincinnatian Age.

Distribution and Stratigraphic Relationships. The 
best exposures of the Fremont Formation occur southwest of 
Ford’s Mountaindale Ranch in secs. 1, 2, and 11, T. 17 S., 
R. 68 W. (Plates 1 and 2). It is a hard, resistant cliff 
former and has a distinctive, very rough, pitted and 
weathered surface.

Farther to the southwest, the Fremont thins appreciably 
and only crops out in isolated exposures (SW%, sec. 10, 
T. 17 S., R. 68 W.). The thinning is probably due to post
Fremont erosion. However, in some instances, the Fremont is 
missing as a result of faulting.

From Ford's Mountaindale Ranch to the northern boundary 
of the study area, the Fremont is missing. Because the 
underlying Manitou and Harding are either missing or con
siderably thinner, it is most probable that the Fremont in 
the area has been removed by pre-Fountain erosion. However, 
non-deposition, particularly over the Red Creek anticline, 
is a possible explanation.
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Some investigators (Brainerd, Baldwin, and Keyte, 1933; 
Johnson, 1945 ; Sweet, 1954) have described distinct uncon
formities between the Fremont and underlying Harding.
Others have suggested a conformable relationship (Pollack, 
1951; Monk, 1954).

Where exposed within the study area, the contact appears 
to be conformable. The characteristics of the upper sand
stone of the Harding agree with the description in other 
areas of the Canon City embayment. Therefore, pre-Fremont 
erosion is not considered to be extensive.

The upper contact of the Fremont represents a pronounced 
unconformity. A long period of nondeposition and erosion 
followed the deposition of the Fremont and Silurian, 
Devonian and Mississippian age rocks are present in the 
study area.

Lithology. The basal 3.7 to 4.6 m (12 to 15 ft) of the 
Fremont is a pink to red, fine-grained, massive dense 
dolomite containing coarse, well-rounded sand grains. 
Abundant trace fossils are evident and locally it appears 
to be bioturbated (NW% SW%, sec. 1, T. 17 S., R. 68 W.). 
In other areas ripple laminations occur.

An interformational brecciated zone, 2 to 3 m thick, 
containing dense, buff dolomite pebbles in a red silty 
matrix occurs locally 8 m (25 ft) above the base (SE^ SE%, 
sec. 2, T. 17 S., R. 68 W.). No bedding is evident in the 
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zone and it fractures into very angular pieces when struck 
with a hammer. The collapse breccia zone occurs at several 
locations but is not continuous laterally.

The middle portion of the Fremont is generally pink to 
buff, thin-bedded, fine-grained fossiliferous, dolomite and 
dolomitic limestone. It contains some well-rounded, medium
grained sand lenses which are laterally discontinuous. It 
is softer than the basal portion and contains some chert 
nodules.

The upper portion is pink to white, thin-bedded, fine
grained dolomite. A 30- to 60-cm (1- to 2-ft) zone of micro
karst occurs 3 m (10 ft) below the Fountain contact at 
SE^NW^, sec. 1, T. 17 S., R. 68 W. Yellow-stained calcite 
has partially filled the solution cavities. Abundant gray 
chert occurs locally in fault zones at the Fremont-Fountain 
contact (NW<* NE^, sec. 11, T. 17 S., R. 68 W.). The chert 
has a "bee-hive” like appearance with carbonate occupying the 
pores. Fossils are preserved in the chert indicating silica 
replacement of the carbonate.

Environment of Deposition. The bedding, fauna, and 
bioturbation indicate the Fremont was deposited in a high 
energy, littoral and neritic zone of a warm shallow sea 
(Monk, 1954). The presence of sand grains indicates a 
significant input of detritus during the carbonate deposition.
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The position of the collapse breccia zone in relation 
to the Harding contact suggests the basal Fremont is not 
present in the study area. Monk (1954) has suggested that 
Fremont thins over the Phantom Canyon area as a result of 
onlap relationships. General westward thinning of the 
Fremont within the study area tends to support Monk’s 
suggestion.

The presence of the micro-karst zone at the Fountain 
contact suggests the upper Fremont, equivalent to Sweet's 
(1954) Priest Canyon Member, has been removed by pre
Fountain erosion (Gerhard, 1967).
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Pennsylvanian and Permian Rocks

Fountain Formation

Previous Work. The earliest reference made to red beds 
along the Colorado Front Range was by Hayden (1869), who 
assigned them to the Carboniferous and Triassic ages.

Cross (1894) named the Fountain Formation and suggested 
a Pennsylvanian age. He included all of the red beds in the 
Front Range in the Fountain Formation.

Tieje (1923) described a section of the Fountain west 
of Boulder, Colorado, and discussed the variation in thick
ness of the Fountain from Boulder to Canon City, Colorado. 
He interpreted the environment of deposition of the Fountain 
as alluvial fan in an arid climate and described the source 
area to the west.

McLaughlin (1947) made a detailed study of the Fountain 
and Glen Eyrie Formations in the Pikes Peak Quadrangle. On 
the basis of marine brachiopods, ostracods, and conodonts, 
he postulated that the age of the Fountain Formation is 
Desmoinesian or younger. He concluded that the Fountain 
is the landward extension of a deltaic mass. McLaughlin 
raised the Glen Eyrie shale to formation rank because it 
contrasted with the arkosic sandstones and conglomerates 
of the Fountain.
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Maher (1953) showed that the Fountain is lithologically 
equivalent to the Pennsylvanian and Permian in Kansas and 
that it probably ranges in age from Atokan to Leonardian. 
Maher and Collins (1952), Maher (1953), and Mitchell (1954) 
traced Morrowan rocks in the subsurface from western Kansas 
into the Glen Eyrie shale in southwestern El Paso County, 
Colorado.

Hubert (1960) made a detailed petrologic study of the 
Fountain and Lyons Formations along the Front Range. He 
provides a good summary of previous work performed by 
students of the Pennsylvanian rocks.

Distribution and Stratigraphic Relationships. The 
Fountain Formation flanks the mountain front throughout the 
study area and overlies rocks ranging in age from 
Precambrian to Ordovician (Pl. 1). From the western edge 
of the study area to Ford's Mountaindale Ranch, the Fountain 
Formation overlies either sandstone of the Harding or 
dolomite of the Fremont (Fig. 15). South and east of the 
Mountaindale Ranch, the Fountain overlies Precambrian rocks. 
Farther north, in the vicinity of Turkey Creek, it 
overlies the Manitou and Harding (Fig. 16).

The contact between the Fountain and the older forma
tions is a regional unconformity (Harms, 1959; Hubert, 1960; 
Warren, 1960; Luchen, 1964; Haun and Kent, 1965). In the 
study area, change in dip between the Fountain and underlying
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Figure 15. View southwest of Banta Gulch from 
Ford's Mountaindale Ranch (Pl. 1). Middle 
Fountain rocks in the foreground dip 30° SE. 
Fountain rests unconformably on the Fremont 
(NE^SW^, sec. 1, T. 17 S., R. 68 W.) in this 
area. Farther west the Fountain overlies the 
Harding.
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Figure 16. View northeast from Turkey Creek, 
the Fountain forms discontinuous hogbacks and 
rests unconformably on the Manitou. Red rocks 
of the Fountain north of Turkey Creek (foreground) 
dip 18° SE (NW%NW%, sec. 33, T. 16 S., R. 67 W.).
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formations is very difficult to measure and, in most instances, 
the angular relationships along the unconformity are not 
apparent. The overlap relationship is determined by the 
amount of erosion in a particular area. The greatest 
removal of beds occurs where the Fountain overlies either 
the Manitou or the Precambrian rocks.

The Fountain and the overlying Lyons Formation inter
finger and the contact is gradational. Some investigators 
(Saylor, 1955 ; Heaton, 1950) consider the Lyons in this area 
to be a facies of the upper Fountain. Therefore, the 
Fountain-Lyons relationship is suject to interpretation 
within the study area.

Lithology. A detailed measured section of the Fountain 
Formation was not compiled. Measurement of several 
structural sections across Pl. 1 indicates the total thick
ness of the Fountain ranges from 600 m (1850 ft) south of 
Turkey Creek to 525 m (1700 ft) west of Red Creek. Measured 
sections of the Fountain made by Oborne (personal communica
tions) 2% miles north of Turkey Creek show a total thickness 
of 665 m.(2,038 ft). A partial section of the upper Fountain 
was measured (measured section 4, Appendix) and will be 
discussed in greater detail later in the report.

In the thesis area, the Fountain consists of three major 
lithologies: a basal zone of quartzose sandstones ; a 

middle zone of arkosic conglomerates, conglomeratic 
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sandstones, sandstones, and siltstones; and an upper zone 
of conglomeratic sandstones, medium- to very fine-grained 
arkosic and quartzose sandstones, siltstones, thin 
lithographic limestones, and nodular limestones. In general, 
the lithologic variations represent a fining upward sequence 
probably related to lowering of the source area to the 
northwest; reduction in the energy of the transporting 
streams; and subtle changes in the depositional environment.

The basal zone consists of very coarse-grained 
quartzose sandstones which are white to red, well-sorted, 
and massive. Individual units are not continuous and grade 
laterally into the arkosic sandstones and conglomerates. 
Color variation from white to red is due primarily to iron 
staining. Large-scale cross-stratification typical of the 
conglomerates is generally not evident in the basal sand
stones .

The basal quartzose sandstones vary in thickness from 
a meter to over 30 meters. This difference is due, in part, 
to the nature of the contact with the underlying formations. 
There is abundant evidence of faulting in the lower Fountain 
along the Mountain Front (Fig. 17). In some cases, the 
faulting was predominant in the arkosic sandstones and 
conglomerates, suggesting the basal sandstones have been 
faulted out. In other cases, it is probable that the 
variation in thickness was due to the topography at the 
start of the Fountain deposition. A long period of erosion
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Figure 17. Slickensides in a fault zone cutting 
the lower Fountain near the western border of 
study area (NE^NE^, sec. 16, T. 17 S., R. 68 W.). 
The fault trends N 45° E and dips 52° to 60° SE. 
The slickensides are coated with red and white 
silica. The rock involved in the fault is a 
coarse- to medium-grained sandstone and interbedded 
siltstone. The geologic pick is lying on the 
bedding plane with a strike of N 70° E and dip of 
45° SE.
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persisted between late Ordovician and early Pennsylvanian, 
and deposition of the quartzose sands was probably confined 
to the lower areas while erosion continued in the higher 
land. Such a condition is suggested at one location where 
arkosic conglomeratic sandstones contain chert fragments 
5 to 10 cm (2 to 4 in.) in diameter and subrounded dolomite 
pebbles (NW^SW<$, Sec. 1, T. 17 S. , R. 68 W. ) . Laterally to 
the west, the coarse-grained quartzose sandstone is in 
contact with the Harding (SW^SWlgf sec. 10, T. 17 S., 
R. 68 W.).

Above the basal orthoquartzites is a series of highly 
cross-bedded arkosic sandstones and conglomerates. The 
conglomerates are widespread and the lower units typically 
form flatirons and hogbacks. They are very coarse-grained, 
poorly-sorted and contain subrounded pebbles and cobbles. 
Festoon-type cross-bedding causes significant lateral and 
vertical variations (Fig. 18). Arkosic units which interbed 
with the conglomerates are less resistant to erosion and 
very often form strike valleys such as Banta Gulch, west 
of Ford's Mountaindale Ranch.

The upper Fountain consists of alternating purple to 
red, fine- to coarse-grained, cross-stratified sandstones, 
and conglomeratic sandstones interbedded with red to purple 
arkosic siltstones. The lateral and vertical variations 
exhibit a series of graded beds typical of fluvial deposits
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Figure 18. Typical Fountain arkosic sandstones 
and conglomerates in cut-bank of a dry wash in 
Banta Gulch (NE%SE%, sec. 11, T. 17 S., R. 68 W.). 
Note the cross-bedding and scour surfaces of the 
conglomerates. Red arkosic sandstones below the 
conglomerate are not as highly cross-stratified 
and very often exhibit planar bedding.
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(measured section 4). Grain size, scale of cross
stratification and thickness of beds gradually decrease 
toward the top of the stratigraphic section.

Also prominent in the upper Fountain is a thin, gray 
limestone that weathers to a very irregular surface, it 
is dense, finely crystalline, and non-fossiliferous 
(Fig. 19). This particular limestone ranges from 30 to 
90 cm (12 to 36 in.) in thickness and appears to be 
continuous within the study area.

Other very thin, gray, finely crystalline limestone 
units occur in the upper Fountain. They range from 7.5 to 
15 cm (3 to 6 in.) thick, and are discontinuous laterally. 
It is believed that the larger limestone unit, as well as 
the smaller less continuous limestone layers, are lacustrine 
in origin.

No coarse-grained conglomerates occur stratigraphically 
above the limestone units. The entire sequence up to the 
Lyons-type lithologies consists of alternating sandstones 
and siltstones. Interbedded with the siltstones and sand
stones are highly lenticular nodular limestone units which 
only continue for a few meters laterally. In addition, 
there are highly calcareous zones which appear to be caliche, 
suggesting that there was a variable water table and sub
aerial exposure.

In general, the grain size of the Fountain Formation 
decreases upward from the basal conglomerates to the top
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Figure 19. Photomicrograph under polarized 
light of thin section of the gray limestone 
unit in upper Fountain. The limestone is very 
fine-grained and apparently nonfossiliferous. 
Calcite is filling cavities and cracks in the 
limestone. The calcite is very often stained 
red along fractures in the limestone. Sample 
was taken from an outcrop in the West Fork of 
Red Creek (SE%SW%, sec. 19, T. 17 S., R. 67 W.).

APR
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where it grades into the Lyons-type lithology (measured 
section 4, Appendix). It appears the upper Fountain and the 
Lyons-type lithologies interfinger and grade vertically into 
the overlying Lykins Formation.

Environment of Deposition. The Fountain deposits 
mark the beginning of the Ancestral Rockies uplift. Deposition 
of the Fountain was preceded by a long period of erosion, 
and extensive weathering produced a pre-Fountain lateritic 
regolith (Hubert, 1960).

The prolonged period of erosion was followed by 
transgression of the sea into the Canon City embayment 
(Warren, 1960). The nonarkosic sandstones of the basal 
Fountain may have been deposited in shallow waters of the 
Pennsylvanian sea. The discontinuous distribution of the 
basal sandstones suggests that deposition was confined to 
topographically low areas inundated by the transgressing 
sea.

The arkosic sandstones and conglomerates of the Fountain 
were deposited in a high energy environment, with a rapid 
input of detrital material. Festoon-type cross-bedding, 
poor sorting, size of the large fractions, and rapid lateral 
variations indicate that the middle Fountain was deposited 
as a series of coalescing alluvial fans. The con- ’ 
glomerates probably represent fluvial channel deposits, 
and the finer grained materials represent overbank
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deposits. Warren (1960) recognized five sub-environments 
in the middle and upper Fountain: the fanhead, stream
channel, floodplain, sheetflood, and alluvial lacustrine.

The upper Fountain deposits indicate a much lower 
energy environment compared to the lower units. The 
overall grain size gradually decreases, sets of cross-beds 
are smaller, sorting is better, sandstones are less con
glomeratic, and the percentage of siltstones is greater. 
Alternating units exhibiting graded bedding indicate small 
fluvial stream deposits. The siltstones indicate frequent 
over-bank flooding and sheetwash deposition.

Lyons Sandstone

Previous Work. The Lyons Sandstone was named and 
described by Fennernan (1905). The type locality is a quarry 
near Lyons, Colorado.

Most studies of the Lyons have been conducted along the 
eastern Front Range north of Colorado Springs, Colorado 
(LeRoy, 1946; Thompson, 1949; Hubert, 1960; Blood, 1970; 
Walker and Harms, 1972; Weimer and Land, 1972). Various 
interpretations of the origin of the Lyons have been 
suggested. LeRoy (1946), Thompson (1949), Hubert (1960), 
and Blood (1970) regarded the environment of deposition of 
the Lyons as principally that of beach or nearshore condi
tions involving wave action and strong littoral currents.
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Walker and Harms (1972) interpreted the origin of the Lyons 
at the type locality to be eolian. Weimer and Land (1972) 
suggest that, in the Golden-Morrison area, the Lyons was 
deposited in an alluvial setting. They related variation 
in lithology and thickness to structural movement of fault 
blocks during sedimentation of the Fountain, Lyons and 
Lykins Formations.

In the southern Front Range, some workers consider the 
Lyons to be missing or a facies of the upper Fountain 
Formation (Schulze, 1954; Saylor, 1955 ; Warren, 1960).

Harms (1959) mapped the Lyons from Dead Man’s Canyon 
around the perimeter of the Red Creek anticline to the 
northeast side of Table Mountain. He suggested the 
distribution of the sandstone facies and sedimentary 
structures are best attributed to a littoral environment.

A Permian age for the Lyons is based on stratigraphic 
position (Saylor, 1955). Except for a few animal tracks, 
the Lyons is completely lacking in fossil evidence (Harms, 
1959). Regional correlations indicate that the Lyons is 
probably of Leonard age (Thompson, 1949; Maher, 1953).

Distribution and Stratigraphic Relationships. Eight 
miles northeast of the study area, in the vicinity of Dead 
Man's Canyon, typical Lyons sandstone consists of a lower 
orange, massive quartzose sandstone, a middle interbedded 
purple arkosic siltstone and sandstone, and upper orange 
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fine-grained, highly cross-bedded quartzose sandstone. The 
upper sandstone forms a prominent cliff face east of U.S. 
Highway 115.

The upper cross-bedded sandstone thins to the south 
and appears to be missing south of Timber Mountain (SE%, 
sec. 21, T. 17 S., R. 67 W.). Alluvium and colluvium cover 
the Lyons in most places within the study area. Good 
exposures occur only on the flanks of linear ridges south 
of Turkey Creek (NW^, sec. 3, T. 17 S., R. 67 W.) and at a 
few places on the west side of Timber Mountain (Pl. 1).

Interbedded orange quartzose sandstones and red silt
stones (measured section 4, Appendix) are exposed on the 
eastern flank of Table Mountain (SE%, sec. 13, T. 17 S., 
R. 68 W.). They appear to be similar to those south of 
Turkey Creek but individual sandstone units are thinner.

Variations in lithologies, grain-size, and stratifica
tion exhibit a gradational change from the upper Fountain 
through the Lyons to the overlying Lykins Formation. The 
lower boundary of the Lyons is tentatively defined at the 
first orange, massive sandstone above the lithographic 
limestone unit in the Upper Fountain. The upper boundary 
is arbitrarily drawn between the first thick red siltstone 
below the crinkly limestone of the lower Lykins and highest 
orange quartzose sandstone of the Lyons. These boundaries 
are very tenuous because minor orange sandstones appear 
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above and below those mapped as the Lyons Sandstone. Grain 
size, color, quartz and feldspar content of the sandstones 
of the Lyons provide a basis for differentiation from 
typical Fountain and Lykins lithologies.

Southeast of Table Mountain and southwest of Timber 
Mountain, orange quartzose sandstones are either covered 
or missing. In this area the Lyons interfingers with the 
Fountain and thins southward by facies change over the 
Red Creek anticline.

Lithology. The Lyons is 80 m (260 ft) thick at the 
northeast side of Table Mountain (measured section 4, 
Appendix). It consists of an alternating series of sand
stones and siltstones in which the grain size becomes 
progressively finer upward.

The sandstones are orange, red to purple, quartzose to 
feldspathic, coarse- to very fine-grained, generally massive 
and plane-bedded. Coarsest grained sand and conglomeratic 
lenses occur at the base of the units. Predominant colors 
of the sandstone suggest oxidizing conditions due to periods 
of subaerial exposure. Gray mottled streaks in some of the 
sandstone units indicate a reduced state of iron.

The siltstones are orange, red to purple, mottled gray, 
and sandy and contain zones of carbonate cement and nodular 
limestone. The nodular limestone is gray, sandy, 2.5 to 
8 cm (1 to 3 in.) thick, lenticular and laterally 
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discontinuous. The highly calcareous cemented zones are 
15 to 30 cm (6 to 12 in.) thick and, also, laterally dis
continuous. They usually occur immediately below the 
coarser sandstone units and may be the result of caliche 
development during fluctuating groundwater conditions.

The Lyons Sandstone in the eastern portion of the study 
area is somewhat thicker (approximately 90 m) than at Table 
Mountain. Vertical relationships appear to be similar and 
exhibit an alternating sequence of interbedded orange to 
red sandstones and red to purple Siltstone.

Most of the sandstone units south of Turkey Creek and 
west of Timber Mountain are cross-stratified to varying 
degrees. Some small-scale trough cross-stratification with 
sets 10 to 30 cm (4 to 12 in.) thick occur in the lower 
sandstones but tabular planar bedding is predominant. The 
upper sandstones, however, are highly cross-bedded with sets 
of cross strata from 10 cm to over a meter thick. Associated 
with the sets of cross-stratification are clay and silt 
partings 0.5 to 2 cm to 1 in.) thick. Direction of 
transport indicated by the crossbeds is predominantly to the 
southeast (S 25° to 40° E) with minor directions of trans

port to the east and northeast.
Both the lower sandstones and siltstones in the eastern 

part of the area contain higher concentrations of mica and 
dark rock fragments compared to those at Table Mountain. 
Mica, feldspar and dark rock fragments decrease upward.
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Environment of Deposition. All of the evidence observed 
in the Lyons is expainable by interpreting the environment 
of deposition as a fluvial system. Planar bedding in the 
Lyons west of the Red Creek anticline indicates deposition in 
the lower upper flow regime and the cross stratification of 
the upper sandstones to the northeast suggests deposition in 
upper lower flow regime (Harms and Fahnestock, 1967). The 
associated siltstone indicates lower energy conditions and 
represent interdistributary or sheetwash deposits.

Conglomerates and arkoses of the Fountain are deposits 
of the higher energy portion of stream channels and fine- to 
medium-grained, cross-stratified sandstone of the Lyons 
reflect lower energy deposits (Weimer and Land, 1972). 
Upward fining of the grain size, sorting, and variations 
in stratification within individual units of the Lyons 
Sandstone at Table Mountain (measured section 4, Appendix) 
are consistent with the laminated zone of Visher's (1965) 
fluvial model and indicate decreasing water velocity.

The apparent lack of carbonaceous material indicates 
that the Lyons was deposited in as arid climate and 
vegetative was not well established. Any carbonaceous 
material introduced in the Lyons sediments may have been 
oxidized during long periods of subaerial exposure. The 
abscence of vegetative cover suggests the possibility of 
sediment transport by wind.
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Concentration of iron oxide and zones of carbonate 
cementation in the red siltstones suggest subaerial exposure. 
Gray leached zones in the siltstones and sandstones suggest 
occasional reducing conditions. The nodular limestones 
indicate local ponding of water and low detrital input for 
periods long enough for carbonate development as paleosoils 
or lacustrine deposits.

All of the evidence observed during this study suggests 
that sedimentation was continuous from the upper Fountain 
through deposition of the Lyons. Sedimentary structures, 
variation in lithologies, direction of transport, lack of 
marine fossils, a scarcity of carbonaceous material are 
consistent with a fluvial system of small braided or meander
ing channels and sheetwash, dispersing sediment at the 
distal end of alluvial fans. The climate was arid to semi- 
arid with long periods of subaerial exposure during non
flood conditions. Under these conditions, wind probably 
was a significant transporting agent. Wind blowing across 
the alluvial fans, braided channels and lake beds picked 
up fine material and deposited it in small dune fields. 
Some of the cross-stratified units south of Turkey Creek 
may be eolian deposits indicating a predominant southeast 
wind direction.

Compared to the Fountain, the Lyons Sandstone represents 
continued lowering of the source area to the northwest,
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reduction in stream energy conditions, longer distance of 
transport, and sediment dispersal by ephemeral streams and 
wind on an alluvial slope at the distal end of coalesced 
alluvial fans. Deposition occurred in small stream channels, 
between channels by over-bank and sheet wash transport, in 
small lakes, and in small dune fields.

Lykins Formation

Previous Work. Eldridge (1896) assigned the name 
Wyoming to the red beds along the Front Range which 
included the Lykins (Saylor, 1955). Fennernan (1905) first 
applied the name Lykins to the upper part of the Wyoming 
section (Harms, 1959). The type section, designated by 
Fenneman, is at Lykins Gulch in north central Colorado 
(Saylor, 1955). *

LeRoy (1946) subdivided the Lykins Formation in the 
Golden-Morrison Colorado area into five members which he 
named: Strain Shale, Glennon Limestone, Bergen Shale, 
Falcon Limestone and Harriman Shale (in descending order). 
Regional correlations in central Colorado by Broin (1957) 
also resulted in a five-member subdivision of the Lykins 
which differs slightly from LeRoy's members (Harms, 1959).

The Permo-Triassic age, generally assigned to the 
Lykins Formation, is based primarily on stratigraphic 
relationships. Fossils are extremely rare. Limited faunal 



T-1841 60

evidence indicates that the Lykins is Permian in age 
(Thompson, 1949; Van Horn, 1957; Walker, 1957). Maher (1953) 
correlated the crinkled limestones of the Lykins to Permian 
age rocks in western Kansas. Heaton (1933) correlated the 
upper Lykins to the Chugwater Formation of lower Triassic 
age.

Triassic age rocks which have been reported in north 
central Colorado may not be present in the study area. Post
Lykins erosion in the southern Front Range has been reported 
by several previous investigators (Lee, 1918; Heaton, 1939; 
Schulze, 1954; Saylor, 1955; Broin, 1957; Harms, 1959; 
Cramer, 1962). Thinning of the Lykins from over 300 m in 
the Boulder, Colorado area to less than 30 m at Red Creek 
is attributed to the removal (or non-deposition) of the 
upper siltstone member. Saylor, 1955, concluded that the 
Permian-Triassic boundary has probably been placed too low 
in the southern Front Range and any Triassic beds that 
might have been deposited have been removed by post-Lykins 
erosion. Cramer (1962) noted a greater-than-average degree 
of erosional truncation of the Lykins in the vicinity of the 
Red Creek anticline,which he attributed to a recurrent 
positive trend during a period of regional uplift. Cramer 
suggested that a period of erosion existed during Triassic 
through early and middle Jurassic.
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Distribution and Stratigraphic Relationships. The 
Lykins Formation crops out near the base of the cuestas 
located around the perimeter of the Red Creek anticline 
(Pl. 1) from the northeast side of Table Mountain (NE%, 
sec. 14, T. 17 S., R. 68 W.) to the vicinity of Turkey 
Creek (NE^, sec. 3, T. 17 S., R. 67 W. ). Locally, the 
Lykins is covered with Quaternary landslide debris and 
terrace gravels.

The contact between the Lykins Formation and underlying 
Lyons Sandstone or Fountain Formation has been interpreted 
as unconformable (Delay, 1955; Warren, 1960) and as con
formable (Heaton, 1950; Schulze, 1954; Saylor, 1955). While 
good exposures of the contact between the Lykins and Lyons 
are limited in the study area, no evidence of an uncon
formable relationship was observed. The gradational change 
from the Fountain lithologies through the Lyons into the 
Lykins, and apparent lack of angular discordance suggests 
continuous sedimentation. Therefore the contact is regarded 
as conformable in the area studied. Previous investigators 
indicate that the Lykins and Ralston Creek are separated by 
a regional unconformity. No angular discordance between the 
Lykins Formation and the overlying Ralston Creek Formation 
is apparent in the study area. However, the difference in 
age of the two formations, as generally reported (Saylor, 
1955; Broin, 1957; Harms, 1959; Cramer, 1962), suggests a
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hiatus of considerable duration. The contact between the 
Lykins and Ralston Creek Formations is considered to be a 
disconformity in the study area.

Lithology. The Lykins Formation consists of a lower 
siltstone, lower crinkly laminated dolomitic limestone, 
middle siltstone, upper crinkly laminated limestone and 
upper siltstone (measured section 3). These lithologies 
may be equivalent to LeRoy's (1946) five-member subdivision 
of the Lykins in the Golden-Morrison Colorado area, but a 
correlation study was not undertaken. Therefore, 
descriptive terms instead of formal names are used. The 
lower contact of the Lykins was placed above a massive 
orange quartzose sandstone considered to be uppermost Lyons.

The lower siltstone (unit 2, measured section 3) is 
19 to 20 m (62 to 65 ft) thick, orange-red to reddish, brown, 
thin-bedded, shaley to flaggy and slightly calcareous. Fine
grained and thin sandstone beds occur near the base. Gray 
to greenish-gray streaks indicate intermittent reduction 
of iron. Abundant gypsum veins occur locally (NW^SE^j, 
sec. 21, T. 17 S. , R. 67 W. ) , but are not typical of the 
lower siltstone. Thin limestones of the lower Lykins 
Formation described by LeRoy (1946) and Weimer and Land 
(1972) are not present in the study area. Absence of the 
lower carbonate rocks and thinning of the upper siltstones 
may correspond to penecontemporaneous structural movement 
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similar to observations made by Weimer and Land (1972) in the 
Golden-Morrison area. The lower siltstone may be equivalent 
to LeRoy's Harriman Shale Member.

The lower crinkly (wavy) laminated limestone has been 
dolomitized to varying degrees within the study area. It 
is 1 to 1.5 m (3 to 5 ft) thick, gray, finely crystalline, 
gypsiferous and exhibits irregular upper and lower surfaces 
(unit 3, measured section 3). The gypsum occurs as veins 
and discontinuous laminae. Abundant circular, convex 
features observed on weathered surfaces may be algal 
structure. The dolomitic limestone is very resistant to 
weathering and forms prominent ledges protecting the 
underlying siltstone.

Overlying the crinkly laminated carbonate are 1 to 
1.5 m (3 to 5 ft) of white, moderately crystalline, thick- 
bedded, massive gypsum. The gypsum is relatively pure but 
locally contains very fine-grained sand and silt. It is 
laterally continuous and present at most exposures of the 
crinkly dolomitic limestone. The gypsum and underlying 
carbonate may be equivalent to LeRoy's Falcon Limestone 
Member.

The middle siltstone (unit 5, measured section 3) is 
9 to 10 m (30 to 33 ft) thick and similar lithologically 
to the lower siltstone. The major differences are a greater 
abundance of gypsum veins and lower occurrence of sand.
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The upper crinkly laminated limestone unit, which may be 
equivalent to the Glennon Limestone, consists of interbedded 
thin limestone, gypsum and dolomitic limestone (units 6, 7, 
8, measured section 3). White to gray, moderately 
crystalline, wavy laminated gypsum separates a lower thin 
white, finely crystalline, dense, gypsiferous limestone and 
an overlying dolomitic limestone. The upper limestone is 
1 m thick, gray, finely crystalline, dense, crinkly (wavy) 
laminated and exhibits circular, convex algal structures. 
The interbedded gypsum exhibits irregular upper and lower 
surfaces which may be the result of load casting. The 
upper dolomitic limestone is similar to the one in the 
Lower Lykins and is also a ledge former.

The upper siltstone is 10 to 12 m (33 to 39 ft) thick 
and consists of interbedded red to pink, mottled gray, 
thin-bedded, shaley to flaggy, gypsiferous siltstones and 
red to orange, mottled gray, very fine-grained gypsiferous 
sandstones (units 8, 9, 10, measured section 3). The upper 
siltstone contains more sand than those in the middle and 
lower Lykins but in other respects is similar.

The lower boundary of the upper siltstone is irregular 
and conformable with the underlying dolomitic limestone. 
The upper surface of the siltstone is irregular also, and 
may indicate post-Lykins erosion. Weathering and erosion 
must have taken place under arid conditions because no 
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soil profiles were observed at the contact and the under
lying sediments do not appear to be altered appreciably.

Environment of Deposition. Several environments are 
indicated by the color, change in lithologies, and grada
tional transition from the underlying sediments. The Lykins 
Formation represents the final stages of erosion of the 
ancestral Rocky Mountains to the northwest.

The red color of the siltstones indicates oxidation of 
iron through subaerial exposure. Absence of organic material 
suggests an arid climate. Grain size and bedding suggest low 
energy transport of the detrital materials ; perhaps by sheet
wash or overbank flooding on a flat coastal plain.

Interbedding of the crinkled limestones with dominantly 
terrigenous clastic sediments, their characteristic crinkled 
laminations, scarcity of marine fossils ; and association 
with gypsum deposits have led to various interpretations 
(Tieje, 1923 ; Delay, 1955 ; Saylor, 1955). The crinkled 
laminations and circular, convex structures (stromatolites) 
resemble those produced by some forms of algae. Deposition 
of the limestones probably reflects intertidal and supra- 
tidal environments with very low input of detritus (Weimer 
and Land, 1972).

The gypsum beds reflect hot, dry conditions, shallow 
water, restricted circulation, and high evaporation rates. 
The gypsum could have been deposited in a shallow restricted 
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marine basin where supersaline brines accumulated. If the 
crinkly limestones are algal in origin, the gypsum was 
probably deposited in a supratidal sabkha environment. This 
might suggest, also, penecontemporaneous dolomitization of 
of the carbonates.

The range of environments described in modern sabkhas 
explain the probable origin of the dolomitic limestone and 
gypsum units (Weimer and Land, 1972). The siltstones 
indicate periodic input of detrital sediment causing dis
ruption of carbonate development.
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Jurassic Rocks

Ralston Creek Formation

Previous Work. The Ralston Formation, named by LeRoy 
(1946), includes rocks previously considered as part of 
the Lower Morrison or Upper Lykins Formations in the 
Golden-Morrison, Colorado area. LeRoy defined the Ralston 
Formation as the shale-marlstone facies and gypsiferous 
facies overlying the Lykins Formation and disconformably 
separated from a basal sandstone of the Morrison Formation. 
The Ralston Formation was renamed the Ralston Creek 
Formation by Van Horn (1957).

The Ralston Creek Formation in the Canon City embayment 
was studied by Frederickson, Delay and Saylor (1956). In 
addition to the shale, marlstone and gypsum facies, they 
described a conglomerate facies and sandstone facies 
occurring generally west of the evaporite beds. They 
related the local distribution of the conglomerate facies 
to paleotopography resulting from pre-Ralston erosion.

Cramer (1962) conducted a detailed stratigraphic study 
of the Ralston Creek Formation in the Canon City embayment 
and southern Front Range from Canon City into El Paso County, 
Colorado. He described the facies, fauna and floral 
assemblages of the formation.
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LeRoy (1946) tentatively assigned the Ralston Creek 
Formation to Jurassic age based on stratigraphic relation
ship to the Morrison and a few scattered fossils. After 
reviewing regional correlations and fossil studies performed 
by previous workers, Saylor (1955) considered the age of the 
Ralston Creek to be Upper Jurassic. Cramer (1962) extracted 
pollen samples from the basal Ralston Creek which indicated 
a Middle and Upper Jurassic age and he concluded that the 
Oxfordian age assigned by Imlay (1952) and McKee (1956) was 
substanti ated.

Distribution and Stratigraphic Relationships. White 
gypsiferous rocks of the Ralston Creek Formation contrast 
sharply with the red color of the underlying Lykins rocks 
and are easily recognized where exposed. Best exposures 
occur in the cliff faces on the west side of Timber 
Mountain (Pl. 1). Around the perimeter of Wild Mountain 
and Table Mountain, landslide debris covers the Ralston 
Creek in most places.

In the upper portion of Salt Canyon (NE%, sec. 26, 
NW^$, sec. 25, SE^, sec. 24, T. 17 S. , R. 68 W. ) t Ralston 
Creek rocks are exposed and form the valley floor (Fig. 20). 
Landslides occupy both sides of Salt Canyon with Ralston 
Creek rocks occurring near the toe of the slides. Similar 
conditions occur at other places. The relationship between
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Figure 20. White gypsiferous rocks of the 
Ralston Creek Formation crop out in the floor 
of upper Salt Canyon (NE%, sec. 26, and NW%, 
sec. 25, T. 17 S., R. 68 W.). In this view 
to the northeast, white gypsiferous rocks occur 
at the toe of Table Mountain landslide debris 
(tree-covered area in left-central portion of 
photo). Pink rocks of the Upper Lykins are 
exposed in an erosional window in the center 
of photo.
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landsliding and the Ralston Creek rocks is discussed in the 
structure section of this report.

The contact of the Ralston Creek with the underlying 
Lykins Formation is disconformable. The upper contact of 
the Ralston Creek with the Morrison appears to be conformable. 
Good exposures of the upper contact are rare within the 
study area but, where observed, no angular discordance 
between the Ralston Creek and Morrison is recognizable. 
Saylor (1955) suggested that the Ralston Creek-Morrison 
contact is disconformable based on changes in lithologies 
with very little evidence of erosion. Using a thin tuff bed 
in the Ralston Creek as a time surface to correlate measured 
sections, Cramer (1962) concluded that Ralston Creek facies 
are transitional (vertically and laterally) into Morrison 
sediments. A gradational Ralston Creek-Morrison contact 
is consistent with observations within the study area.

The lower boundary of the Ralston Creek is drawn at 
what appears to be a scour surface separating a gray 
gypsiferous siltstone from an orange to pink siltstone of 
the upper Lykins Formation (measured section 3, Appendix).

The upper boundary is arbitrarily drawn above the last 
bed of gypsum and below limestone beds of the Morrison. The 
Ralston Creek-Morrison boundary as defined by LeRoy (1946) 
does not apply in this area because basal sandstone bodies 
of the Morrison are not always present. Differentiation of 
the Ralston Creek and Morrison Formations based upon the 
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occurrence of gypsum and limestone, as well as change in 
color is consistent with criteria used by previous investi
gators (Saylor, 1955; Cramer, 1962; Brady, 1967).

Litholoqy. The Ralston Creek Formation is 15 to 25 m 
(62 to 82 ft) thick in the study area, and consists of 
interbedded gypsum, siltstone and sandstone. Gypsum beds 
comprise about 60 percent of the Ralston Creek but most of 
them contain abundant detrital sediment. Conversely, the 
sandstones and siltstones are very gypsiferous (measured 
section 3, Appendix).

The gypsum occurs in thinly laminated beds and in 
nodular beds containing fragments of gypsum up to cobble 
size. Most of the gypsum is white, finely to coarsely 
crystalline and weathers gray to pink. Many of the gypsum 
beds are highly jointed and the joints are filled with silt 
and mud. The nodular beds consist of angular to rounded 
fragments which are surrounded by silt and very fine-grained 
sand matrix. Jointing of the gypsum and subsequent filling 
by silt would suggest the cracks were due to desiccation. 
The rounded fragments of gypsum suggest moderate abrasion 
after cracking and before reincorporation into the sediment. 
Unjointed gypsum beds, in most instances, contain some 
interstratified silt and sand indicating appreciable input 
of detritus.
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The siltstones and mudstones are tan to brown, olive 
green to gray, thin-bedded and gypsiferous. The siltstones 
are very often contorted and show evidence of load casting. 
Rounded to subrounded fragments of gypsum up to 10 cm (4 in.) 
occur in some siltstone units. The nodular gypsum zones 
appear to be conformable with bedding of the siltstones 
suggesting the gypsum fragments were incorporated in the 
silt during deposition. Color of the siltstones and mud
stones changes gradually from olive-green to gray in the 
lower portions to red and brown in the upper section of the 
Ralston Creek. Periods of subaerial exposure were apparently 
more frequent during deposition of the upper Ralston Creek 
sediment.

Sandstone units occur primarily in the lower Ralston 
Creek. They are gray, olive-green to tan, very fine-grained, 
angular to subangular, well-sorted, plane-bedded, and con
tain abundant gypsum veins and nodules. The sandstones are 
usually overlain by bedded or nodular gypsum (Fig. 21).

Environment of Deposition. Origin of the Ralston Creek 
facies has been interpreted as fresh- or brackish-water in 
the Golden-Morrison, Colorado area (LeRoy, 1946) and as 
marginal marine in the Canon City embayment (Saylor, 1965; 
Cramer, 1962). Haun and Kent (1965) show the limit of 
Middle and Late Jurassic marine deposition is located in 
western Colorado and southern Wyoming and the southern
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Figure 21. A portion of the Middle Ralston 
Creek Formation in an abandoned quarry 0.3 km 
(0.2 mile) west of the intersection of U.S. 
Highway 115 and Red Devil Road. Rock hammer 
is resting on very fine-grained, well-sorted 
plane-bedded sandstone which contains gypsum 
nodules and veins. Above the sandstone are 
silty, nodular gypsum and contorted 
gypsiferous siltstone layers. Note the 
irregular bedding of the siltstone and 
angular to subrounded fragments of gypsum.
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Front Range region was emergent. Within the study area, 

the Ralston Creek is interpreted to be shallow-water 
lacustrine deposits in playa lakes.

Post-Lykins uplift and erosion (Cramer, 1962) created 
a paleotopography that influenced the deposition of the 
Ralston Creek. The study area is located on a pre-Ralston 
Creek topographic high and was emergent during early depo
sition of the sediments to the west (Cramer, 1962). After 
the low areas of the pre-Ralston Creek erosion were filled, 
deposition of sediments continued over the high areas 
(Saylor, 1955). Gerhard (1967) believes the Ralston Creek 
consists of detritus from an uplift of the present Wet 
Mountains area.

The alternating sequence of gypsum and fine clastic 
beds reflect repeated evaporite deposition followed by 
input of detrital material (measured section 3, Appendix). 
The climate was hot and dry and the water in the lakes must 
have been extremely shallow. Periodic drying of the lakes 
is suggested by desiccation cracking and brecciation of the 
gypsum and the presence of reworked gypsum cobbles in the 
silt and mud layers.

The siltstones and sandstones were probably deposited 
during periods of increased rainfall in the source area. 
Grain size and sedimentary structures indicate low 
energy deposition. Filling of the cracks in the underlying 
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gypsum and evidence of load casting suggest the silt, mud 
and sand were deposited over the soft saturated gypsum beds.

The vertical sequence of Ralston Creek sediments repre
sent alternating deposition of evaporite and detritus in playa 
lakes. Initial Ralston Creek deposits were restricted to low
lands west of the study area (Cramer, 1962). As lakes in the 
lower areas filled up, evaporite deposition progressed east
wardly over the study area followed by gradual encroachment 
of fluvial deposits from the west and transition to Morrison 
sediments.

Morrison Formation

Previous Work. The Morrison Formation was first defined 
by Eldridge (Emmons, et al, 1896) and designated its type 
locality near Morrison, Colorado. Waldschmidt and LeRoy 
(1944) redefined the type section in West Alameda Parkway road 
cut west of Denver, Colorado. They subdivided the Morrison 
Formation into six units on the basis of lithologic character
istics. Thickness of the Morrison at the redefined type 
section is 85 m (275 ft). In the southern Front Range the 
Morrison Formation ranges in thickness from 30 to 110 m (100 
to 360 ft) (Saylor, 1955 ; Harms, 1959; Brady, 1967).

Invertebrate and vertebrate fossils are found at many 
localities within the Morrison. The most significant fossil 
remains from the southern Front Range are those of dinosaurs 
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excavated from the Garden Park area by O. C. March, E. D. 
Cope and J. B. Hatcher (Brady, 1967).

Age of the Morrison Formation is considered to be 
Upper Jurassic. McKee (1956) suggested that Morrison 
deposition occurred during Kimmeridgian and Early 
Portland!an times. This is consistent with Cramer's pollen 
dating of the underlying Ralston Creek as Middle and Upper 
Jurassic and the transitional change to Morrison sediments.

Distribution and Stratigraphic Relationships. Exposures 
of the Morrison in the study area are rare. It is a slope 
former and occupies the sides of escarpments below the more 
resistant rocks of the Dakota Group. Lack of exposures in 
this area is compounded by involvement of Morrison rocks in 
the landsliding around the cuestas and hogbacks (Pl. 1). 
Even though partially covered, a complete section of the 
Morrison (measured section 2, Appendix) exists on the up-dip 
side of a hogback in the southern part of the study area 
(SE%, sec. 5, T. 18 S., R. 67 W. ) .

The lower Morrison contact with the Ralston Creek is 
considered to be transitional and conformable. The upper 
contact with the overlying Lytle Sandstone Member of the 
Dakota Group appears to be disconformable. Where exposed, 
the disconformable relationships of the Morrison-Lytle 
contact are evidenced by abrupt change in lithology, color 
difference and scour-fill surfaces (Fig. 22). Red to 
greenish-gray siltstones of the upper Morrison contrast
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Figure 22. Contact between the Morrison 
Formation and the overlying Lytle Sandstone 
Member of the Dakota Group in the landslide 
area of Patton Canyon (SE^SW^j, sec. 34, 
T. 17 S., R. 68 W.). Scour surfaces at the 
contact are evident and some evidence of 
load casting is apparent. The pebble 
conglomerate of the overlying Lytle Member 
contrasts sharply with greenish-gray and 
red siltstones of the Upper Morrison.
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sharply with the tan sandstones and conglomerates of the 
basal Lytle Member but angular discordance is not apparent.

Lithology. The Morrison, is 103.3 m thick in the 
southern part of the study area (measured section 2, 
Appendix). It consists of interstratified claystones, 
siltstones, sandstones, marlstones, and limestones. Within 
the Canon City embayment, Brady (1967) indicated that the 
Morrison Formation is composed of 71 percent claystone, 
20 percent sandstone, 7 percent siltstone, and 2 percent 
carbonate rocks. A higher percentage of siltstone and 
carbonate rocks occurs in this area; typical of the lateral 
variability of the Morrison.

The basal 10 m (33 ft) of the Morrison consists of 
interbedded siltstones, sandstones and limestones (Fig. 23). 
The limestones are gray, finely crystalline, dense, thinly 
laminated, thin-bedded and locally contain red, white and 
bluish-gray crystalline quartz. The siltstones are gray to 
olive-green, thin-bedded, platy, contain lenses of fine
grained sand, and show evidence of load casting. The sand
stones are tan to gray, very fine-grained, thin-bedded and 
lenticular. Basal massive sandstones described by LeRoy 
(1946) are not present in exposures within the study 
area.

Several welded chert zones in the basal Morrison, 
referred to by previous workers (Saylor, 1955), are present
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Figure 23. Basal Morrison Formation rocks 
exposed in a road cut above an abandoned quarry 
west of U.S. Highway 115 (SE^NW^, sec. 24, 
T. 17 S., R. 68 W.). Rock hammer (lower center 
photo) is resting on the Ralston Creek-Morrison 
contact. The interstratification and thin- 
bedding shown above are similar to the basal 
Morrison at measured section 2 (SW^SW^, sec. 4, 
T. 18 S., R. 67 W.).
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in the study area. The chert zones are 1 to 15 cm (% to 
6 in.) thick, locally bluish-gray, coarsely crystalline 
and highly cemented. They grade laterally into friable red 
and white quartz crystals that line vugs and cavities 
(Fig. 24). The chert is usually associated with limestone 
beds and appears to be replacing the carbonate. Saylor 
(1955) has shown that welded chert consists of two-thirds 
carbonate and one-third chalcedony and concluded the chert 
was a secondary deposit.

One of the thin limestone units in the measured section 
2 (unit 5) is oolitic (Fig. 25). The limestone is gray, 
finely crystalline, dense, wavy laminated and composed of 
lime mud (micrite). The core of the oolites is lime mud. 
A possible explanation is that the lime mud was subaerially 
exposed causing desiccation cracks. The area was again 
inundated and the lime mud fragments were moved around 
gently on the bottom causing rounding. Calcium carbonate 
layers were deposited on the lime mud fragments protecting 
them from destruction. They were eventually reincorporated 
in a lime mud matrix. A low energy environment such as 
tidal flats or shallow interdistributary lakes with minimum 
wave action and low input of detrital material is suggested 
by the preservation of the lime mud fragments.

The lower middle Morrison consists of interbedded 
siltstones, sandstones, and marlstones. The siltstones 
are greenish-gray, thinly laminated, and fissile. They
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Figure 24. Red quartz crystals line the vugs 
and cavities of a thin limestone bed in basal 
Morrison Formation (location same as Fig. 23). 
The zone of euhedral quartz crystals is 
laterally discontinuous. Locally, the zone 
grades into gray to bluish-gray, highly 
cemented chert layers (welded chert). The 
white rock fragment below pencil is gypsum 
which contains red quartz grains.
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Figure 25. Photomicrograph, under polarized 
light, of thin, micritic, oolitic limestone in 
the lower Morrison Formation. Center of oolities 
consist of lime mud fragments, probably result
ing from desiccation cracking of lime mud. 
Gentle water action and bottom abrasion caused 
rounding of fragments which were subsequently 
coated with concentric layers of calcium 
carbonate. Note the large lime mud fragment 
in the center which was not rounded and the 
general elongation of other large fragments.
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are poorly indurated and slope formers. The marlstones are 
gray to reddish-gray, fine-grained, vugular, jointed, and 
weathering to white angular fragments. Abundant calcite 
crystals fill vugs and veins. The sandstones are greenish

. gray, very fine-grained, thin-bedded, cemented with calcium 
carbonate and locally contain clay chips and silt lenses. 
Some sandstone units are cross-stratified, with small
scale cross-sets 7 to 10 cm (2% to 4 in.) thick, and ripple 
laminated. The siltstones and sandstones interstratify 
laterally. Their overall greenish-gray color indicates 
reducing conditions.

The upper portion of the Morrison is predominantly 
greenish-gray to red, thin-bedded, fissile, poorly 
indurated siltstones with some tan to buff, fine- to 
medium-grained, locally conglomeratic, thin-bedded to 
massive, calcareous sandstones. The sandstones are cross
stratified, lenticular and laterally interstratified with 
siltstones. Locally, thick sandstone units are 5 to 10 m 
(17 to 33 ft) thick and are overlain by red to greenish- 
gray, thin-bedded siltstones (Fig. 26).

Environment of Deposition. Lithology, sedimentary 
structures, lateral and vertical stratigraphic relation
ships, color and reported fauna in the Morrison Formation 
are best explained by environments of deposition within 
a flood plain. Fresh-water molluscs and dinosaur remains
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Figure 26. An exposure of the Upper Morrison 
Formation in a road cut on the west side of 
U.S. Highway 115 in Salt Canyon (NW^NW%, sec. 12, 
T. 18 S., R. 68 W. ). The thick massive sandstone 
in the lower portion of photograph is overlain by 
thin red, greenish-gray siltstones. The sandstone 
is lenticular and exhibits scour surfaces. Massive 
sandstone bodies are not always present in the 
Upper Morrison.
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in the Morrison sediments are evidence of a nonmarine 
origin.

Lenticularity, bedding, small-scale cross-strata, 
uniformity of grain size of the channel sandstones and 
relationship to associated siltstones suggest deposition 
by a system of small meandering streams. Grain size and 
cross-stratification indicate deposition in the lower-flow 
regime by low gradient, meandering perennial streams (Harms 
and Fahnestock, 1965). Sinuosity of the streams is suggested 
by the discontinuous nature of sandstone bodies.

Thin lamination of the siltstones and their lateral and 
vertical association with the sandstone bodies suggest that 
they are overbank deposits. Color variation of the silt
stones indicates repeated periods of inundation and subaerial 
exposure. The abundance of siltstone in the Morrison section 
indicates vertical accretion by overbank flooding as the 
dominant form of deposition.

The carbonate rocks in the Lower Morrison are generally 
believed to be lacustrine deposits (Cramer, 1962) and suggest 
the development of fresh water lakes in a lowlands environ
ment. With continued encroachment of fluvial deposits from 
the west, the lake deposits were replaced by overbank 
deposition of silts and clays.
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Cretaceous Rock

Dakota Group

The Cretaceous is represented by the Dakota Group 
within the thesis area. Upper Cretaceous rocks have been 
removed by erosion over the Red Creek anticline but crop 
out in adjacent areas to the south and east.

Previous Work. Meek and Hayden first described the 
Dakota Group in 1862 from exposures in Dakota County, 
Nebraska (Blackwood, 1960).

Hills (1899) divided the Dakota Group into a lower 
conglomeratic sandstone, a middle shale, and an upper fine
grained sandstone (Blackwood, 1960). Stose (1912) made the 
first formal subdivision. He named the lower sandstone and 
overlying shale the Purgatoire Formation and named the 
upper sandstone the Dakota Sandstone. Later, Finley (1916) 
subdivided the Purgatoire Formation into the Lytle Member 
and the Glencairn Member.

Waage (1953) named a discontinuous refractory clay in 
the Dakota Sandstone, the Dry Creek Canyon Member. In 1955, 
Waage proposed a new classification of Dakota Group and 
raised the Lytle Member to the rank of formation. He, also, 
proposed the name South Platte Formation to include the 
Glencairn Member and the Dakota Sandstone.
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Blackwood (1960) performed a study of the Dakota Group 
along the northeast flank of the Canon City embayment from 
Phantom Canyon road to Colorado Springs, Colorado. His 
report discussed the lithology, stratigraphy, age, environ
ment of deposition and economic aspects of the Dakota Group.

Weimer (1970) prepared a comprehensive regional 
synthesis of data on the Dakota Group stratigraphy of the 
southern Front Range, Colorado. He recognized three genetic 
units within the Dakota Group and presented correlations 
and environmental interpretations. Other studies (Johnson, 
1945; Boos and Boos, 1957; Harms, 1959) are also regional 
in scope.

Palynological evidence indicates the age of the 
Purgatoire Formation is upper Lower Cretaceous (Marsh, 1960; 
Blackwood, 1960). The Dakota Sandstone was dated by Stose 
(1912) and Finlay (1916) as lower Upper Cretaceous. Waage 
(1955) presented palynolotical evidence which indicated 
the Dakota Sandstone is uppermost Lower Cretaceous in age.

Distribution and Stratigraphic Relationships. Waage *s 
classification of the Dakota Group is generally accepted and 
used in the Denver area. However, the Dakota Group sub
divisions proposed by Stose (1912) and Finlay (1916) are 
generally recognized in the Canon City embayment (Blackwood, 
1960) and their nomenclature will be used in this report.



T-1841 88

The Purgatoire Formation consists of the Lytle Member 
(the lower sandstone) and the Glencairn Member (the upper 
shale). The Lytle Member is. equivalent to Waage's (1955) 
Lytle Formation and the Glencairn is equivalent to the lower 
part of the South Platte Formation. The Dakota Sandstone is 
the uppermost sandstone unit of the Dakota Group and is 
equivalent to the upper part of the South Platte Formation 
(Weimer, 1970).

Erosion has removed much of the Dakota Sandstone in the 
study area and a complete section exists only at the Red 
Creek watergap in the southernmost portion of the study 
area (measured section 1, Appendix). The cuestas and hog
back ridges in the southwestern and eastern portion of the 
area are capped by different members of the Dakota Group 
(Pl. I)»

The most extensive outcrop of the Dakota Sandstone caps 
Table Mountain. To the south along Patton Canyon and on 
Wild Mountain only scattered remnants of the Dakota Sandstone 
occupy the highest points.

The Glencairn Member of the Purgatoire Formation is a 
slope former and in most areas is covered. The best 
exposures of the Glencairn occur at an abandoned quarry on 
the northeast side of Table Mountain (SW^, sec. 14, T. 17 S., 
R. 68 W.) and at the Red Creek watergap (SW^, sec. 5, 
T. 18 S., R. 67 W.) .
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The Lytle Member forms a cliff face around the perimeter 
of Timber Mountain, Wild Mountain, Table Mountain and deeply 
eroded canyons. It forms the cap rock of the hogbacks east 
of Red Creek watergap (SE%, sec. 5, T. 18 S., R. 67 W.). 
The best exposures of the Lytle occur in cliff faces of 
large landslide blocks along the east side of Patton Canyon 
(NW^, sec. 3, T. 18 S., R. 68 W.); along the east side of 
Salt Canyon (SW^# sec. 1, T. 18 S., R. 68 W.), and at the 
Red Creek watergap.

In most areas, the contact between the Lytle and 
Morrison Formation is covered. Where it is exposed, the 
contact can be abrupt (Fig. 22). The green to red silt
stones of the Morrison contrast sharply with the conglom
eratic sandstone of the Lytle. In other places,where the 
Upper Morrison contains sandstone lenses (NW<$, sec. 12, 
T. 18 S., R. 68 W.), the contact is less distinct (Fig. 26).

The contact between the Lytle and the overlying 
Glencairn is rarely exposed within the study area. A good 
exposure occurs on the east side of Red Creek (SE^, sec. 5, 
T. 18 S., R. 67 W.). While there are distinct color and 
lithologic differences between the Lytle and Glencairn, 
the change is somewhat transitional. Waage (1955) interprets 
the contact as a regional disconformity. However, Weimer 
(1970) states that available evidence does not clearly 
establish the time significance of the break or magnitude 
of regional erosion. The contact is placed between the
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last massive sandstone in the Lytle and the first black shale 
of the Glencairn. .

The contact between the Glencairn and Dakota Sandstone 
appears to be conformable. Between the black fissile shale 
of the upper Glencairn and the massive sandstones of the 
lower Dakota sandstone is a 3m (10 ft) transitional zone 
of alternating sandstone and gray shale.

Erosion has removed the upper portion of the Dakota 
Sandstone in the study area. The Graneros Shale of the 
Benton Group crops out immediately south of the area. The 
contact between the Dakota and Graneros appears to be 
transitional from thin-bedded marine sand to gray shale.

Lithology of the Lytle Member. Thickness of the Lytle 
Member in the southern portion of the study area (SW^SE<$, 
sec. 5, T. 18 S., R. 67 W.) is 18.6 m (60 ft) (measured 
section 1, Appendix). It consists of white to tan, fine- 
to medium-grained argillaceous to quartzose, cross-bedded 
lenticular sandstone and conglomeratic sandstone. The Lytle 
corresponds to Weimer's (1970) genetic unit A.

The lower portion of the Lytle contains abundant 
pebble conglomerate lenses that are cross-stratified and 
lenticular. The basal conglomeratic sandstones are tan, 
poorly sorted, moderately friable, porous, contain abundant 
limonite and range up to 10 m thick (Fig. 27). Locally, 
clay gall conglomerates occur in the lower Lytle.
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Figure 27. Conglomeratic sandstone of the basal 
Lytle Member of the Purgatoire Formation in a land
slide block on the east side of Patton Canyon 
(SE%SW%, sec. 34, T. 17 S., R. 68 W.). The pre
dominant grain size is medium with lenses of con
glomerate granules and pebbles up to 25 mm.
Limonite occurs in cavities and as stain. Thick
ness of the unit at this locality is 10 m and 
grades laterally into medium- to fine-grained 
argillaceous sandstone.
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Above the basal conglomeratic sandstone is white to 
tan, very fine- to medium-grained subangular, moderately 
well-sorted, highly cross-stratified sandstone. Trough
type cross sets range from 10 cm to 1 m thick and indicate 
multidirectional transport (Fig. 28). In Patton Canyon 
(SE^SW^# sec. 34, T. 17 S., R. 68 W.), direction of trans
port is predominantly to the northeast; in Salt Canyon 
(NW^SE^, sec. 1, T. 18 S., R. 68 W.) the dominant direction 
of transport is southeast; and at Red Creek (SW^SE^, sec. 5, 
T. 18 S., R. 67 W.) the transport direction is southwest.

The middle portion of the Lytle consists of sandstones, 
sandy siltstone and sandy claystone that interstratify 
laterally. The sandstone is white to tan, fine- to very 
fine-grained, cross-stratified to ripple laminated, 
quartzose to argillaceous and grades laterally into sandy 
siltstone and claystone. Locally thin, lenticular units of 
conglomeratic sandstone occur.

The upper Lytle consists of buff to tan, medium- to 
very fine-grained, subangular, thick- to thin-bedded, cross
stratified, ripple laminated, moderately friable to well 
cemented sandstone that contains abundant wood fragments 
and clay chips. Tabular and trough cross-stratification 
sets vary in thickness up to several meters and are bounded 
by scour surfaces (Fig. 29). Casts and molds of wood 
fragments and carbonaceous material cause weathered surfaces 
of sandstone units to be rough (Figs. 30 and 31).
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Figure 28. Cross-stratified sandstone above the 
conglomeratic zone in the lower Lytle Sandstone 
showing cross sets up to 1 m thick. The sand
stone is white, yellow limonite stained, medium- 
to fine-grained and moderately friable. Trough 
cross sets indicate multidirectional transport 
which is predominantly northeast in this 
locality (SE%SW%, sec. 34, T. 17 S., R. 68 W.). 
Pencil in right side of photograph provides 
scale.



T-1841 94

Figure 29. Upper Lytle Sandstone on east side 
of U.S. Highway 115 (NW^NW^, sec. 12, T. 18 5., 
R. 68 W.). Cliff face shows sinuous scour 
surface bounding large trough cross beds.
View angle is approximately parallel to axis 
of trough indicating a transport direction 
to the southeast. The cliff face is approx
imately 12.5 m (40 ft) high from the valley 
floor to the first break in slope.
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Figure 30. Upper Lytle Sandstone showing imprints, 
casts and molds of leaves, twigs, and other carbon
aceous material.
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Figure 31. Upper Lytle Sandstone shows casts 
and molds of branches, twigs and other woody 
fragments.
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Cementation of the upper Lytle cause it to be more resistant 
to erosion and it is a prominent cliff former.

Lithology of the Glencairn Member. The Glencairn 
Member of the Purgatoire Formation is 27.4 m thick 
(measured section 1, Appendix) and is a slope former 
throughout the area (Fig. 32). It corresponds to Weimer's 
(1970) genetic unit B and the lower portion of the South 
Platte Formation (Waage, 1955).

The Glencairn consists of predominantly olive-green 
to gray, very fine-grained, very thin-bedded sandstones 
interbedded with dark gray, thin-bedded shales. The sand
stones are ripple laminated, extensively burrowed, and 
contain abundant tracks and trails. Dark gray, thin-bedded, 
fissile, carbonaceous shales interstratify with the sand
stones of the Glencairn. The shale occurs predominantly 
at the base, middle and top with minor shale breaks through
out.

Lithology of the Dakota Sandstone. The Dakota Sandstone 
is 32.1 m (measured section 1, Appendix) at the only complete 
section available within the study area. The Dakota 
Sandstone has been extensively removed in most places by 
recent erosion. It consists of a lower medium-grained, 
massive, quartzose sandstone and an upper unit of inter
bedded silty-clayey, fine- to very fine-grained sandstones, 
and shales containing abundant trace fossils (Fig. 33).
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Figure 32. Glencairn Member of the Purgatoire 
Formation occupies the slope between the Lytle 
Sandstone (below) and the Dakota Sandstone 
(above). The slope is covered with blocks of 
Dakota Sandstone (NW<jNW^, sec. 12, T. 18 S. , 
R. 68 W.).
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Figure 33. Dakota Sandstone exposed in a north
facing cliff adjacent to Red Creek in the 
southern edge of the study area (NE%NW%# sec. 8, 
T. 18 S., R. 67 W.). Contact with the underlying 
Glencairn is 1 to 2 m above ground level. The 
lower massive sandstone unit shows evidence of 
scour surfaces at top and base and is lenticular 
laterally. The upper thin-bedded unit is cross
stratified, lenticular and contains abundant 
trace fossils.
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The lower sandstone unit is white, with red speckles 
of iron stain, quartzose, medium-grained, moderately well- 
sorted, friable to locally highly cemented, lenticular and 
cross-stratified. Cross sets are small-scale trough 
and tabular showing a range of transport directions from 
east to south with the dominant direction to the southeast. 
At the base of the lower sandstone unit abundant trace 
fossils occur in thin shale and mudstone layers (Figs. 34 
and 35) but otherwise they do not appear to be present.

The upper sandstone unit consists of buff, tan to 
olive-green, fine- to very fine-grained, thick- to thin- 
bedded, cross-laminated to ripple-laminated sandstones and 
interbedded gray, fissile to platey, carbonaceous shales. 
The sandstones contain silt, clay, carbonaceous material 
and abundant trace fossils (Fig. 36). They are lenticular 
and grade laterally into dark shale. Ripple laminations in 
the upper portion are commonly bimodal.

Cementation of the Dakota Sandstone. The Dakota 
Sandstone capping Table Mountain (Fig. 37) is medium-grained, 
well-sorted, silicified, very hard and brittle and highly 
jointed. The physical properties of the sandstone of Table 
Mountain are markedly different from those in other parts 
of the study area. However, sedimentary structures (cross
stratification and scour surfaces) are preserved.
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Figure 34. Sand-filled cracks in purple mud 
layer at base of massive sandstone unit of 
Dakota Sandstone.
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Figure 35. Two large trace fossils in purple mud 
layer at the base of the massive sandstone unit of 
the Dakota Sandstone.
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Figure 36. Worm tubes and burrows on a weather 
surface of upper sandstone unit of Dakota 
Sandstone. Ripple marks evident above are 
commonly bimodal indicating influence of tidal 
actions.
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Figure 37. The north side of Table Mountain is 
capped by basal Dakota Sandstone (SW5$, sec. 14, 
T. 17 S., R. 68 W.). Intense jointing causes 
the cliff face to resemble columnar jointing of a basalt flow. The rock is highly silicified, 
hard and brittle. Angular fragments of 
quartzite talus cover the slope formed by the 
underlying Glencairn Shale. Silicification 
of the Dakota Sandstone is localized in this 
area and is not typical in other areas.
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The basal Dakota Sandstone was sampled at various 
locations within the study area, and examined in thin 
section to determine the variability in cementation and grain 
characteristics. Figures 38, 39, 40, and 41 are photomicro
graphs of samples from four different localities.

Sample DK-1 of the Dakota Sandstone (Fig. 38) was taken 
from the north side of Table Mountain (NE^SW^, sec. 14, 
T. 17 S., R. 68 W.). In a thin section, the sandstone is 
medium-grained, rounded to subrounded, well sorted, highly 
packed and completely silicified. Grains exhibit overgrowths, 
sutured boundaries, concavo-convex contacts, and fractures. 
Hematite coats most of the grains and occurs, to a lesser 
extent, in the silica that fills the interstial pore space. 
It appears that the hematite predates the silica cement.

Sample DK-7 (Fig. 39) was taken 3.75 km southwest 
(NW^SW^, sec. 27, T. 17 S., R. 68 W.) of sample DK-1. In 
thin section the grains are fine tô.'mediûm in size, subangular 
to subrounded, moderately well-sorted, highly packed, and 
moderately silicified. Some evidence of pressure is indi
cated by sutured boundaries, concavo-convex contacts, and 
spot welding. Overgrowths are not as abundant as in the 
DK-1 sample. The cement is primarily silica with a minor 
amount of carbonate and hematite. Broken grains in sample 
DK-7 are more abundant than in sample DK-1 and a larger 
number of grains exhibit wavy extinction.
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Figure 38. Photomicrograph, under polarized 
light, of a thin section of Dakota Sandstone 
(sample DK-1) taken from the north side of 
Table Mountain (NE^SW^, sec. 14, T. 17 S., 
R. 68 W.). The rock is highly silicified 
and shows abundant overgrowths and sutured 
boundaries. Cause of the silicification may 
be pressure solutioning of the silica at 
grain-to-grain contacts and recrystallization 
in the interstitial pore space.
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Figure 39. Photomicrograph, under polarized 
light, of sample DK-7 of basal Dakota 
Sandstone taken 3.75 km southwest (NW^SW^, 
sec. 27, T. 17 S., R. 68 W.) of the sample 
DK-1 from the north side of Table Mountain 
(see Fig. 38). Note the change in grain 
size, sutured boundaries and overgrowth.
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Sample DK-10 (Fig. 40) was taken from the lower 
Patton Canyon area, 6.8 km southwest (NW^SW^f sec. 3, 
t. 18 S., R. 68 W.) of Table Mountain. The sandstone is 
fine- to very fine-grained, moderately sorted, subrounded 
to subangular, and loosely packed. The grains exhibit some 
fracturing, overgrowths, and sutured boundaries. Abundant 
carbonate cement fills the pore space and some grains are 
floating in the cement. Irregular grain boundaries indicate 
intense solutioning of silica and replacement by carbonate. 
Hematite is a minor constituent.

Sample DK-4 (Fig. 41) was taken 3.7 km east of sample 
DK-10 and 7.3 km southeast of Table Mountain (SW^SW^, sec. 1, 
T. 18 S. , R. 68 W.)_. The sandstone is fine- to very fine
grained, moderately to poorly sorted, subangular to angular, 
and loosely packed. Grains exhibit a few sutured boundaries 
and overgrowths, some of which have been replaced by carbonate. 
Broken grains are abundant and wavy extinction occurs 
frequently. Calcium carbonate cement predominates and has 
replaced a significant number of quartz grains.

Study of thin sections of the Dakota Sandstone reveals 
significant variations in its properties within the study 
area. At Table Mountain the detrital grains are medium 
size, subrounded, and well-sorted. To the south and south
east, the grains are fine to very fine, subangular, and 
moderately to poorly sorted.. Cement changes from predomin-
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Figure 40. Photomicrograph, under polarized 
light of Dakota Sandstone sample DK-10 taken 
6.8 km southwest (NW^SW%, sec. 3, T. 18 S., 
R. 68 W.) of Table Mountain. Compare grain 
characteristic and packing with Fig. 38.
The cement is predominantly carbonate.
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Figure 41. Photomicrograph, under polarized 
light, of Dakota Sandstone sample DK-4 taken 
7.3 km southeast (SE^SW^, sec. 1, T. 18 S., 
R. 68 W.) of Table Mountain. Compare grain 
characteristics with Figs. 38 and 39. Calcium 
carbonate is abundant as cement and has 
replaced some of the quartz grains.
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ately silica at Table Mountain to abundant carbonate in 
less than 7 km. The grains exhibit a greater frequency 
of overgrowths and sutured boundaries and are more compacted 
at Table Mountain. Broken grains are more abundant south of 
Table Mountain. Hematite occurs in significant quantity at 
Table Mountain but is a minor constituent to the south.

Available evidence suggests that the high degree of 
silicification of the Dakota Sandstone on Table Mountain 
has been caused by authigenic, diagenetic, and tectonic 
processes that reflect the sedimentary environment and 
post-depositional history. The degree of physical compaction 
of the sandstone has been influenced by grain size, roundness, 
sorting and orientation (Maxwell, 1959). Pressure, temp
erature, and percolating fluids are factors that contribute 
to the cementation (Maxwell, 1959). Concave-convex contacts, 
overgrowths, and sutured boundaries are evidence of the 
pressure-solution phenomena (Maxwell, 1959; Thompson, 1959). 
Compaction and cementation cannot be explained by burial 
alone. Very deep burial is not essential for the develop
ment of pressure solution (Maxwell, 1959; Siever, 1959); 
post-depositional deformation may be more important than 
deep burial in producing extensive interpenetration of 
grains.(Siever, 1959). High temperatures and solutions 
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facilitate compaction and cementation can occur independ
ently of compaction (Maxwell, 1959). The broken grains 
and preferred orientation in the sandstone south of Table 
Mountain indicate fracturing by compaction and deformation 
(Borg and others, 1960). Carbonate cement has replaced 
the silica in areas where the grains are highly fractured.

Silicification of the Dakota Sandstone at Table Mountain 
is anomalous and additional study will be required to 
ascertain the conditions under which it took place. A 
possible explanation of the variation in physical charact
eristics involves depositional and diagenetic processes. 
Variation in grain size, roundness, and sorting are pri
marily related to depositional environment. Oxidation of 
iron to Fe+$ indicates subaerial exposure. After burial, 

silica precipitated as overgrowths and in pores. Following 
silica cementation, the sandstone was deformed resulting in 
further compaction in the axial regions of the folds and 
fracturing of grains on the flanks. Where the grains were 
fractured, migrating fluids dissolved the silica and 
precipitated abundant carbonate cement. This sequence 
accounts for the localization of intense silicification of 
the sandstone in the noses of plunging synclines and the 
predominance of carbonate cement away from the axial region 
of the folds.
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Environment of Deposition. The evidence observed in 
the Lytle Sandstone suggests that deposition occurred in 
environments associated with a fluvial system. Vertical 
variations in grain size from coarse to fine, sedimentary 
structures, lenticularity of sandstone units, and clay 
clasts are typical of fluvial channel deposits. Variable 
transport direction from southwest to southeast, suggests 
meandering channels. Argillaceous sandstones and very fine
grained sandstones interfinger laterally with channel 
sandstones indicating they are probably natural levee and 
flood plain deposits.

The Glencairn represents transgression of the 
Cretaceous Sea following deposition of the Lytle Sandstone. 
The olive-green color, thin-bedding, ripple lamination, and 
abundant trace fossils of the Glencairn indicate a shallow 
near-shore marine to brackish water environment. Bimodal 
ripple laminations indicate tidal action, perhaps in a tidal 
flat. The carbonaceous black shales occurring as the top and 
base of the Glencairn suggest tidal marsh environments.

The lower portion of the Dakota Sandstone represents an 
increase in clastic sedimentation, probably caused by shifting 
of distributary channels on the coastal plain. The sorting, 
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cross-stratification, and uniformity of grain size of the 
massive basal sandstone suggests that it was deposited as 
channel, channel mouth bar and shoreline sands. The 
lenticularity, large-scale scour surfaces, general absence of 
trace fossils, and quartzose nature of the basal sandstone 
indicate strong littoral currents and high energy wave action. 
The transport direction was predominantly to the southeast.

The upper portion of the Dakota Sandstone reflects 
submergence of the shoreline and continued transgression of 
the seas. Ripple lamination, bioturbation, grain size, 
sorting, and color of the upper sandstone indicate shallow 
marine environment of deposition.

Quaternary Deposits

Terrace Gravels

Remnants of pediment gravel surfaces developed during 
Quaternary time exist in the study area. The gravels cap bed
rock surfaces at three, possibly four, different levels and 
reflect Pleistocene deposition and erosion. Scott (1969) 
has dated the development of the pediment surfaces as pre
Wisconsin; probably Nebraskan and Kansan.

The coarsest gravels occur on the highest surfaces.
The ridge south of Turkey Creek (NE^, sec. 4, T. 17 S., 
R. 67 W.) is capped with 2 to 3 m (6 to 10 ft) of gravel
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composed of pebbles, cobbles and boulders up to 2 ft in 
diameter. The gravels are rounded fragments of igneous 
and metamorphic rocks including quartz-monzonite, biotite 
gneiss and schist. Gravel surfaces in Banta Canyon (Fig. 42) 
include, also, fragments of sandstones of the Dakota Group 
(Pl. 1).

Quaternary Landslides

Landslides occur around the perimeter of Timber, Wild 
and Table Mountains and Patton and Salt Canyons (Pl. 1). 
The slides vary in degree of development with the most 
extensive slides located on the southeast side of Table 
Mountain (Fig. 43).

Rocks at the foot of the slide include those of the 
Ralston Creek and Morrison Formations. The incompetent 
siltstones and sandstones are highly contorted during the 
sliding (Fig. 44). In well developed slides (e.g. east 
side of Table Mountain) debris of the more competent rocks 
(Lytle and Dakota Sandstones) becomes incorporated into a 
matrix of disturbed Morrison siltstones.

Quaternary Alluvium

Sand and gravel occupy the ephemeral stream channels 
throughout the study area. The gravels vary in grain size
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Figure 42. A view to the northeast up Banta 
Gulch from the north side of Table Mountain 
showing grass covered terrace gravel surfaces. 
Two levels of terraces can be seen in the 
photograph. The surface along Red Creek (far 
right side) is higher than the surfaces in Banta 
Gulch (middle foreground).
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Figure 43. A view to the northwest of extensive 
landslides on the southeast side of Table Mountain. 
Dakota Sandstone capping Table Mountain (middle 
background) is highly jointed and large accumula
tions of scree (brownish zone below cap rock) are 
moved laterally on slide blocks. Movement of the 
slides is southeasterly parallel to the strike 
and in a down slope direction. The slide blocks 
move en echelon and in this area they are approx
imately 500 m wide and have 3 to 4m relief 
between successive blocks. Note the white gypsum 
exposures at the toe of the slides.
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Figure 44. A view of highly deformed and contorted 
siltstones of the Morrison Formation at the toe of 
a landslide in Salt Canyon (NE^, sec. 2, T. 18 S., 
R. 68 W.). Dips are nearly vertical and individual 
beds are highly disturbed and incorporate other 
rock debris.



T-1841 119

and are composted of rounded to subrounded igneous and 
sedimentary rock fragments. Colluvium covers much of the 
surfaces in flatter areas such as Sullivan Park.
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STRUCTURAL GEOLOGY

Precambrian Structural Features

The north-trending Mountaindale fault that truncates 
the lower Paleozoic rocks along Red Creek at Ford's 
Mountaindale Ranch (Pl. 1) may have been activated during 
Precambrian time. Tectonic activity during Precambrian 
time in the Colorado Front Range has been reported by a 
number of investigators (Boos and Boos, 1957; Harms, 1959; 
Tweto and Sims, 1963; Haun and Kent, 1965). Boos and Boos 
(1957) report that Precambrian faults and shears show a 
strong northwest to north-northwest trend with slightly 
younger northeast trending complementary faults and 
shears.

The absence of Ordovician rocks around the southern 
end of the mountain front suggests that the current position 
of the Red Creek anticline was a pre-Ordovician positive 
feature. While the evidence is not conclusive regarding 
the Precambrian origin of the fault, its trend as well 
as that of the Red Creek anticline closely parallel 
Precambrian alignments noted elsewhere in the Front 
Range.
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Early Paleozoic Structure

Following the Precambrian tectonic activity, a 
period of erosion that lasted into Cambrian time occurred 
in the southern Front Range. No Cambrian rocks were 
observed in the study area and lower Ordovician rocks rest 
unconformably upon a relatively smooth erosional surface 
developed on Precambrian rocks (Harms, 1964). Deposition 
and preservation of the lower Paleozoic rocks in the southern 
Front Range occurred in the Colorado Sag; a structurally 
low area of the Transcontinental Arch (Harms, 1964; Haun and 
Kent, 1965).

Harms (1964) suggests a long period of tectonic 
stability existed during early Paleozoic time in the southern 
Front Range and cited four distinct disconformities or over
lap unconformities as evidence of epeirogenic movements. 
Submergence and emergence are indicated by Ordovician marine 
deposition and removal or non-deposition of Silurian, 
Devonian and Mississippian rocks, recording epeirogenic 
movement in the study area.

Stratigraphic evidence of local pre-Pennsylvanian 
structural features at the southern end of the Front Range 
has been reported by several investigators (Monk, 1954; 
Lucken, 1964; Gerhard, 1967). Westerly thinning of the 
Fremont Formation has been suggested as evidence that a 
structural low existed between the Red Creek anticline and
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Phantom Canyon (Monk, 1954). Absence of lower and middle 
Paleozoic rocks over the Red Creek anticline suggests that 
it may have been a positive structural feature from 
Precambrian time to late Mississippian time.

Late Paleozoic Structure

Orogenic uplift, beginning in late Mississippian or 
early Pennsylvanian time, formed the Ancestral Rocky 
Mountains at approximately the site of present-day southern 
Front Range (Harms, 1964; Haun and Kent, 1965; Gerhard, 
1967). The uplift is recorded by the syntectonic deposition 
of the Fountain Formation over truncated older rocks.

Pennsylvanian strata rest unconformably upon lower 
Ordovician and Precambrian rocks. Angular discordance 
between the Fountain Formation and older rocks is not 
apparent in the study area. Thus, a disconformity, represent
ing a major break in the geologic record is inferred.

The coarse arkoses and conglomerates of the Fountain 
Formation attest to the intensity of the uplift but specific 
details on structural deformation are vague. It seems likely 
that some pre-PennsyIvanian structures were reactivated 
during the uplift. Glockzin and Roy (1945) reported the 
truncated fold of lower Paleozoic rocks in the Red Creek area 
is overlain by less deformed lower Pennsylvanian rocks and 
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indicates pre-Pennsylvanian deformation (Pl. 1, SW%NE%, 
sec. 1, T. 17 S., R. 68 W.).

Stratigraphic relationships indicate a relatively con
tinuous deposition from the Pennsylvanian Fountain Formation 
through the Permian Lykins Formation. Grain size variations 
from the coarse conglomerates of the Fountain Formation to 
the siltstones of the Lykins Formation reflect the 
erosional degradation of the Ancestral Rocky Mountains.

Mesozoic Structure

Absence of Triassic and Lower to Middle Jurassic 
rocks suggests that the area was subjected to regional 
uplift and erosion. No appreciable angular discordance 
between Permian and Jurassic rocks was noted in the study 
area and the disconformity between the Lykins and Ralston 
Creek Formations is best explained by epeirogenic upwarping. 
Co,arse clastic rocks of the basal Upper Jurassic rocks in 
the Canon City area indicates uplift lasted until Late 
Jurassic time (Harms, 1964; Gerhard, 1967).

Following the uplift, deposition of evaporite and 
detrital sediments in playa lakes is recorded by the Ralston 
Creek Formation. The source of Ralston Creek detritus was 
located in the vicinity of the present Wet Mountains 
(Gerhard, 1967) and early deposition occurred in topograph
ically low areas west of the study area (Cramer, 1962).
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As the lakes filled up, deposition of gypsum and detritus 
progressed to the east over the study area.

The Morrison Formation reflects gradual eastward 
encroachment of fluvial deposits from the west. A period of 
tectonic stability and fluvial deposition continued through 
Jurassic time.

Regional subsidence and transgression of the Cretaceous 
Sea is recorded by deposition of the Dakota Group and the 
southern Front Range area eventually became part of a major 
marine basin (Harms, 1967). Erosion has removed much of the 
Late Cretaceous rocks within the study area reflecting the 
results of Laramide tectonic activity.

Cenozoic Structures

The Laramide orogeny began in latest Cretaceous time 
and lasted until the end of the Eocene (Haun and Kent, 1965) 
or the end of Oligocène time (Harms, 1964). The major 
structural features in the southern Front Range developed 
during the Laramide orogeny (Lovering and Goddard, 1950; 
Boos and Boos, 1957; Harms, 1964; Lucken, 1964) and include 
vertical uplifts and basins, folds, reverse and thrust 
faults and great thicknesses of non-marine sediments (Haun 
and Kent, 1965).

The tectonic style of the Front Range has been the 
subject of speculation and controversy for many years. The 
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concept of vertical upthrust caused by lateral compression 
was favored by Emmons (1896), Chamberlin (1919), Bucher 
(1933), Lovering and Goddard. (1950). The theory of vertical 
uplift by vertically acting forces for the origin of the 
Front Range has been advanced by Lee (1923), Osterwald 
(1961), Harms (1959, 1964), Tweto and Sims (1963).

The Laramide orogenic movement, perhaps the most 
profound in the post-Cambrian history of the southern Front 
Range (Harms, 1964), resulted in great structural relief. 
Haun and Kent (1965) report structural relief of 15,000 to 
45,000 feet developed during the Laramide orogeny. Harms 
(1964) suggests that the structural relief between the 
Precambrian surfaces in the Front Range and the Denver 
Basin is in excess of 20,000 feet.

The Precambrian rocks in the Mt. Pittsburg quadrangle 
are 9,200 feet above seà level and, the structural relief in 
this area appears to be in excess of 2500 m (8200 ft). The 
thickness of Precambrian rocks stripped by erosion is unknown.

Reverse faults

Boos and Boos (1957) suggest the Mt. Pittsburg fault 
block was upthrust along the north- to northeast-trending 
reverse fault that extends out of the mountain front at 
Ford's Mountaindale Ranch (Pl. 1, sec. 1, T. 17 S., R. 68 W.). 
It is probable that the fault was activated in Precambrian 



T-1841 126

time and recurrent movement occurred during subsequent 
tectonic activity. While the most of the movement probably 
took place during the Laramide orogeny, it appears the 
area east of the fault was positive during much of geologic 
time. Absence of lower Paleozoic rocks and truncation of 
Permian rocks over the current position of the Red Creek 
anticline, suggest the positive nature of the feature, 
probably associated with periodic movement along the 
Mountaindale fault.

Glockzin and Roy (1945) reported a southeast dipping 
reverse fault that cuts Paleozoic beds west of Red Creek. 
The fault zone trends northeast-southwest from the vicinity 
of Ford's Mountaindale Ranch (NE%, sec. 1, T. 17 S., R. 68 
W.) to the western edge of the study area (Pl. 1). The 
fault planes dips 55° to 60° to the southeast and causes 

repetition of southeast dipping Paleozoic beds (Pl. 2). The 
fault is discontinuous and most of the displacement appears 
to have occurred in sandstones of the Harding and Fountain 
Formations (see Figs. 11 and 17). The amount of dip-slip 
movement on the fault varies from 123 to 153 m (400 to 500 ft) 
near Ford's Mountaindale Ranch (Section B-B, Pl. 2) to 30 to 
60 m (100 to 200 ft) near the western part of the study area 
(Section C-C, Pl. 2).

The reverse fault appears to be similar to the Phantom 
Canyon thrust fault described by Lucken (1964). Glockzin
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and Roy (1945) described the Red Creek fault as a backthrust 
and Boos and Boos (1957) referred to similar faults as 
underthrust faults. While the genesis of the fault is not 
established, it is significant because the reverse movement 
is in the opposite direction of Laramide tectonic movement.

Normal Faults

A normal fault, located in Patton Canyon (Pl. 1), 
trends north and has displacement of 8 to 15 m 
(25 to 50 ft) (Section A-A; Pl. 2). Numerous faults 
associated with landslides also occur in Patton Canyon 
and will be discussed in greater detail later in this 
report.

A normal fault cuts through the ridge separating Salt 
Canyon and Patton Canyon (sections 34 and 35, T. 17 S., 
R. 68 W., Pl. 1). The fault trends northwest-southeast and 
has a displacement of 25 to 50 feet (Section A-A, Pl. 2). 
The depth of this fault is unknown but it is likely that 
most of the movement is associated with landsliding.

Folds

Thé Red Creek anticline is a south-southeast plunging 
fold at the southern end of the Front Range (Pl. 1). The 
fold is asymmetrical with the western limb being the 
steeper. Dips on the west limb vary from 30° to 40° near 
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the mountain front to 15° to 18° at the southeastern portion 

of the study area (Pl. 1). The Red Creek anticline continues 
southeastwardly for nearly 48 km (30 miles), separating the 
Canon City Embayment and Denver Basin (Boos and Boos, 1957).

The Red Creek anticline appears to be associated with 
the Mountaindale reverse fault extending out of the mountain 
front. The Silver Plume Granite was probably upthrust along 
this fault and extends under the sedimentary rocks in the 
northern part of the Red Creek anticline. The asymmetry of 
the fold may be the result of draping over the hanging wall 
of the reverse fault. Harms (1959) reported that the Red 
Creek structure resembles the en echelon fold belt in northern 
Colorado which is associated with reverse faults extending 
out of the Precambrian rocks.

Other minor folds approximate the trend of the Red 
Creek anticline but deformation is lëss severe (Pl. 1# 
Section A-A, Pl. 2). The axis of a southeast plunging 
syncline is located on Wild Mountain and the axis of a 
plunging anticline parallels Salt Canyon. The folds are 
slightly asymmetrical with dips on the steeper limbs of 
7° to 15° and 2° to 5° on the opposite limbs. These folds 

appear to be associated with the Red Creek anticline and 
similar to the en echelon folds discussed by Harms (1959).



T-1841 129

Quaternary Landslides

The landslides in Patton Canyon (Pl. 1 and Section A-A, 
Pl. 2) illustrate the nature of slide block movement. Once 
erosion had cut into the incompetent siltstones of the 
Morrison Formation, large blocks began to slide on the 
gypsum surface of Ralston Creek Formation.

The rim rock of Patton Canyon is the Lytle Sandstone 
of the Purgatoire Formation. Large blocks are separating, 
probably along previous fractures, to form a box-shaped 
linear valley (Fig. 45). The box-shaped pull-apart zones 
indicate early stages of sliding and rocks on both sides 
of the valleys are similar in all respects. In early 
stages of sliding, the blocks remain relatively large 
cohesive units.

As sliding progresses, the slide blocks begin to 
rotate and break into smaller blocks (Fig. 46). Rotation 
of the blocks occurs along an arcuate fracture that inter
sects the Ralston Creek gypsum surface (Section A-A, Pl. 2). 
The dip of the blocks becomes progressively steeper away 
from the Canyon as the blocks move downward. Dip of the 
Lytle Sandstone rim rock on the east side of Patton Canyon 
is 7° to 8° SW. When slide blocks have reached the bottom 
of the Canyon, the dip has typically changed to 20° to 30° 

NE, indicating a significant rotation (Fig. 47).
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Figure 45. A view to the south along one of the 
box-shaped linear valleys formed by separation 
of slide blocks on the east side of Patton 
Canyon (NE^, sec. 3, T. 18 S., R. 68 W.). Lytle 
Sandstone on the west side (right) has pulled 
away from the east side of the valley leaving a 
significant fissure filled with soil and rock 
debris (Section A-A Pl. 2). The rocks on either 
side of the valley are similar in lithology, 
sedimentary structures and attitude. Rocks dip 
8° SW on each side of the valley. The slide 
block on the right is approximately % mile long 
and \ mile wide and moving to the west. Dakota 
Sandstone forms the skyline in the photo.
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Figure 46. A view of a small slide block breaking 
away from a larger slide block and moving down 
into Patton Canyon (NW^NE^, sec. 3, T. 18 S., 
R. 68 W. ) . Dip of the Lytle Sandstone capping the 
larger block (right side) is 10° NE. Dip of the 
smaller block is 15° NE illustrating change in dip 
as sliding progresses down into the canyon. Dip 
of the rocks before sliding began was 8° SW.
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Figure 47. A view of a small slide block in the 
lower portion of Patton Canyon (SE^SE^, sec. 34,
T. 17 S., R. 68 W.). Dip of the Lytle Sandstone 
capping the block is 20° NE. Dip of rim rock 
(on the right side of photo) is 10° SW.
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Development of landsliding in the area appears to be 
related to depth of erosion, surface proximity of the 
Ralston Creek Formation and dip direction. Gypsum of the 
Ralston Creek provides the glide surface upon which the 
slide blocks are moving. Throughout the area, the Ralston 
Creek occurs at the base of the slides, and exhibits plastic 
flow deformation (Fig. 48).

As surface water incises overlying rocks, confinement 
of the Ralston Creek is decreased, allowing the gypsum 
to flow plastically toward the unconfined areas. Flow of the 
gypsum causes the overlying rocks to move; probably along 
previous joints and fractures. Movement progresses under 
the influence of gravity in a down-dip, down-slope direction. 
Although some landslides occur on slopes where the rocks dip 
away from the slope face (e.g. north side of Table Mountain 
and northeast side of Wild Mountain), the amount of movement 
and mass of rocks involved is less than down-dip, down-slope 
directions.

Sliding in the study area appears to be very slow and 
controlled by rate of erosion. The area climate is semi- 
arid and erosion is slow.
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Figure 48. Gypsum flowing plastically over a 
ledge formed by the more competent upper 
dolomitic limestone unit of the Lykins Formation 
(SW%NE%, sec. 24, T. 17 S., R. 67 W.). As the 
gypsum flows, it breaches cracks, incorporates 
other rock fragments and eventually "drips" over 
the ledge to lower surfaces. Overlying rocks 
move in the direction of flow. Similar condi
tions were noted in other areas where gypsum 
cropped out.
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SUMMARY AND CONCLUSIONS

The purpose of this study was to compile a detailed map 
of the geology of the Mt. Pittsburg Quadrangle and to 
describe the stratigraphic relationships and structural 
features in the area. Conventional field mapping and data 
analysis techniques were used.

Rocks ranging in age from Precambrian to Cretaceous 
are exposed in the study area. Precambrian rocks occupy 
the northwestern one-third and reflect Precambrian tectonic 
activity. Folding and faulting of the metamorphic rocks 
of the Idaho Springs Formation, intrusion of the Pikes Peak 
Granite and Silver Plume Granite reflect Precambrian 
tectonics. It is probable that movement occurred along 
Precambrian fractures during subsequent tectonic events.

The Ordovician rocks represent a unique early Paleozoic 
record in the southern Front Range and reflect a period of 
post-Precambrian tectonic stability. Transgression of 
the Cambrian-Early Ordovician Sea covered the 
Transcontinental Arch through the Colorado Sag, depositing 
the Ordovician marine sediments. Deposition and preserva
tion of Ordovician rocks suggest that the area west of Red 
Creek was structurally low. Absence of Silurian, Devonian 
and Mississippian rocks in the study area represents the 
most significant pre-Pennsylvanian break in the
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stratigraphic record. Removal or non-deposition of lower 
and middle Paleozoic rocks resulted from epeirogenic move
ments and suggest that the southern end of the Front Range 
was a positive area from Precambrian time to late 
Mississippian time.

Orogenic uplift and formation of the Ancestral Rocky 
Mountains is recorded by syntectonic deposition of the 
Fountain Formation. Detrital sediment of the Fountain 
unconformably rest on Precambrian and Ordovician rocks in 
the study area. Relatively continuous deposition through 
Permian time reflects erosional lowering of the Ancestral 
Rocky Mountains.

Absence of Triassic and Lower to Middle Jurassic rocks 
suggests that the southern Front Range was a positive area 
during this interval; perhaps through regional epeirogenic 
upwarping. No appreciable angular discordance between 
Permian and Jurassic beds was noted.

Deposition of evaporite and detrital sediment in playa 
lakes accompanied by uplift to the west is recorded by the 
Ralston Creek Formation. The Morrison Formation reflects 
widespread fluvial deposition of clastic sediments from a 
western source area.

Regional subsidence and transgression of the Cretaceous 
Sea is reflected by the Dakota Sandstone. Subsidence and 
marine deposition continued until the beginning of the 
Laramide orogeny during latest Cretaceous time. Modern 
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erosion has removed upper and middle Cretaceous rocks 
within the study area.

The Laramide orogeny lasted until Oligocène time 
during which the major structural features in the southern 
Front Range developed. Laramide tectonic style is 
characterized by vertical uplift along reverse faults whose 
dip steepens with depth.

The north-south trending reverse fault that extends 
out of the mountain front may have originated during 
Precambrian time and been reactivated during subsequent 
tectonic activity. Stratigraphic evidence suggests that the 
area past of the fault along Red Creek was a persistent 
positive feature during much of geologic time.

The northeast-southwest trending reverse fault that 
repeats Paleozoic beds along the mountain from the vicinity 
of Ford's Mountaindale Ranch dips 50° to 60° SE. Most of 

the displacement occurred in the sandstones of the Harding 
and Fremont Formations. The fault is unusual in that its 
attitude is opposite to typical Laramide tectonic style 
and has been referred to as a backthrust or underthrust.

The Red Creek anticline is an asymmetrical plunging 
fold that trends south-southeast from the southern end of 
the Front Range. It continues for over 30 miles southeast 
dividing the Canon City embayment and Denver Basin. The 
Red Creek anticline is associated with the reverse fault 
extending out of the Precambrian rock in the Front Range.
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Two minor plunging folds west of Red Creek have axial 
traces that are parallel and are probably associated 
tectonically with the Red Creek anticline.

Extensive landsliding has occurred in Quaternary 
time around the perimeters of Table, Wild, Timber Mountains 
and along Patton Canyon. Field observations indicate that 
the slide blocks are moving on a glide surface of Ralston 
Creek gypsum. Movement is principally in a down-dip, down
slope direction under the force of gravity. Sliding is 
controlled by erosion, dip of the beds and fracturing.
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APPENDIX

Measured Stratigraphic Sections

Methods Used

Measurements were taken by tape and Brunton compass 
at outcrops that provided the best exposures. The location 
for measurement was selected where representative strati
graphic sections existed. A portable tape recorder was 
used to record lithologic and stratigraphic detail during 
measurement of two sections. The tapes were transcribed 
during the evening following measurement. This technique 
proved to be an efficient method of recording detail 
when measuring stratigraphic sections alone.
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Section 1 - Dakota Sandstone and Purgatoire Formation

Location. Section measured at the Red Creek water gap 
south of Red Devil Camp (formerly Red Creek Ranch) on the 
Fort Carson Military Reservation (SW%, SE^, sec. 5, and NE%, 
NW%, sec. 8, T. 18 S. , R. 67 W.).

Strike: N 70° W
Dip: 4° SW *

Unit Description Thickness
(meters)

BENTON GROUP
Graneros Shale
22. Shale, medium-gray, yellow stain 

fissile, sandy. 2.0
DAKOTA GROUP

Dakota Sandstone
22. Sandstone, olive-green to tan, very 

fine-grained, clayey, very thin-bedded, 
bimodal ripple cross-laminations, 
abundant trace fossils. 3.7

21. Sandstone, olive-green to tan, very 
fine-grained, silty, massive at base, 
thin-bedded toward top, ripple 
laminated, scour and fill surfaces. 4.6

20. Sandstone, buff to tan, fine- to very 
fine-grained, poorly sorted, argillaceous, 
very thin-bedded, ripple laminated, 
burrows. 4.0

19. Sandstone, red to purple, weathers 
orange, fine- to medium-grained, 
subangular, well-sorted, highly 
cross-stratified, cross sets 8 to 
60 cm thick, direction transport



T-1841 141

Unit Description Thickness 
(meters)

S 45° E. Porous, abundant 
carbonaceous material, lenticular, 
grades laterally into gray, fissile 
to platy, coaly shale. 4.6

18. Sandstone, red and white, speckled 
iron stains, quartzose, medium
grained, subangular to subrounded, 
moderately well-sorted, friable, 
porous, massive, planar and cross
stratification, small-scale sets, 
direction of transport S 30° E, 
lenticular, upper surface is 
undulatory, very thin beds occupy 
troughs. 10.2

17. Sandstone, white to buff, quartzose, 
medium-grained, subrounded, well- 
sorted, massive, plain-bedded to 
cross-stratified laterally, 
bioturbated, wood fragments, 
abundant tracks, trails and 
burrows in 1.3 cm purple mud layer 
at base. 1.5

16. Sandstone, white, fine-grained 
quartzose at base, argillaceous at 
top, white clay break throughout 
small-scale cross-set 0.5 m thick 
locally. 1.5

TOTAL THICKNESS OF DAKOTA SANDSTONE 30.1
PURGATOIRE FORMATION

Glencairn Shale Mbr.
15. Interbedded sandstones and shales, 

sandstones are white to buff, fine- 
to very fine-grained, thin- to very 
thin-bedded, ripple laminated, 
lenticular. Shales are gray to 
purple, very thin-bedded, trace 
fossils abundant, load casted. 0.8

14. Covered slope. Appears to be 
predominantly sandstones interbedded
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Unit Description Thickness
(metersJ

with shale. Sandstones are olive
green, very fine-grained, subangular, 
very thin-bedded, ripple laminated, 
lenticular, carbonaceous, cal
careous, abundant trace fossils. 
Shales are dark gray, very thinly 
laminated, carbonaceous. 11.4

13. Shale, dark gray to olive-green at 
top, fissile, carbonaceous, slightly 
calcareous. 1.4

12. Covered slope. Appears to be mostly 
sandstone, olive-green to gray, very 
fine-grained, very thin-bedded, 
ripple laminated, carbonaceous, 
abundant burrows and trails, slightly 
calcareous, numerous dark gray shale 
breaks. 6.9

11. Sandstone, tan to white, very fine
grained, subangular, well-sorted, very 
thin-bedded at base, massive at top, 
ripple laminated, abundant burrows and 
trails, locally bioturbated, calcareous. 3.2

10. Interbedded sandstones and shales. 
Sandstones are olive-green to gray, 
very fine-grained, silty, very thin- 
bedded, carbonaceous. Dark gray to 
black carbonaceous shales, 0.5 to 
0.7 m thick occur at top and base. 3.7

TOTAL THICKNESS OF GLENCAIRN SHALE 27.4
Lytle Sandstone Mbr.
9. Interbedded sandstone and shales. 

Sandstones 0.3 to 0.7 m thick, 
are white to tan, weather brown, 
coarse to medium-grained, grading 
upward to fine-grained, poorly sorted, 
thick- to thin-bedded, moderately 
friable at base, silicified at top, 
carbonaceous, abundant wood fragments, 
clay chips. Dark gray, carbonaceous 
shale break up to 15 cm separate 
sandstone units. 3.7
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Unit Description Thickness
(meters)

8. Sandstone, tan, quartzose, very 
fine-grained, subangular, well- 
sorted, thick-bedded, ripple 
laminated, shale break 1 to 5 cm 
thick, show load casting. 4.3

7. Sandstone, white to tan, coarse
grained sand lenses at base, grades 
upward to very fine-grained, poorly 
sorted, abundant silt at top, thin- 
bedded, cross-stratified at base, 
sets up to 1 m thick, ripple 
laminated at top, abundant wood 
fragments. 3.4

6. Sandstone, buff to tan, medium
grained at base, grades upward 
to fine-grained. Subangular, 
well-sorted, friable, highly 
cross-stratified, trough sets up 
to 1 m thick, dip on cross-strata 
15° to 20°, direction of transport 
S 60° W, scour surfaces at top and 
base. ' 3.2

5. Sandstone, tan, fine-grained 
conglomeratic at top, lenticular, 
poorly sorted, clayey, wood fragments 
at base. 0.8

4. Sandstone, white to buff, fine- to 
medium-grained, lenses of coarse
grained sand, subangular to sub
rounded, poorly sorted, abundant 
silt and clay, friable, cross
stratified, trough sets up 0.7 m, 
direction of transport S 40° W. 1.2

3. Sandstone, conglomeratic sandstone 
and granule to pebble conglomerate, 
white to tan, coarse-grained sand, 
very poorly sorted, cross-stratified, 
lenticular, grades laterally into white, 
very fine-grained quartzose sandstone. 0.8
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Unit Description Thickness
(meters)

2. Sandstone, tan, fine-grained, 
subangular, poorly sorted, ripple 
laminated, thick-bedded, silt breaks 
show load casting, lenticular, porous, 
friable, upper surface scoured. 1.2

TOTAL THICKNESS OF LYTLE SANDSTONE 18.6
MORRISON FORMATION

1. Siltstone, greenish-gray to red, 
thin-bedded, shaly to flaggy, upper 
surface very irregular, scoured, load 
casted. 3.0
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Section 2 - Morrison Formation

Location. Section measured up northeast side of 
second hogback southeast of Red Devil Camp (formerly Red 
Creek Ranch), 1/2 mile east of Red Creek water gap (SWlg, 
SW%, sec. 4, T. 18 S., R. 67 W.).

Strike: N 55° W
Dip: 15° SW

Unit Description Thickness
(meters)

PURGATOIRE FORMATION
34. Interbedded conglomerate and sandstone. 

Basal conglomerate is tan, coarse-grained 
with pebbles up to one inch diameter, fines 
upward into sandstone. Sandstones are 
tan, fine- to coarse-grained, poorly 
sorted, cross-bedded. Conglomerates and 
sandstones alternate vertically. 4.6

MORRISON FORMATION
33. Mostly covered. Appears to be gray to 

green siltstone in the lower portion, 
red siltstone in the middle portion and 
interbedded greenish gray siltstone and 
tan, very fine-grained sandstone in the 
upper portion. 8.9

32. Sandstone, tan to white, quartzose, fine
grained, well sorted, massive, calcium 
carbonate cement, hard with some thin 
1-2 inch siltstone layers which are 
load casted. 1.3

31. Siltstone, gray, thin-bedded. 1.2
30. Sandstone, tan to buff, medium-grained, 

conglomeratic in lower portion to very 
fine-grained at top, fining upward,
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Unit Description Thickness
(meters)

poorly sorted, small scale cross beds 
in lower portion, ripple laminated 
upper portion. 1.9

29. Mostly covered. Appears to be 
predominantly greenish gray siltstone 
with some interbedded olive-green, 
very fine-grained sandstone, thin- 
bedded. 16.6

28. Siltstone, red, leached gray locally, 
thin-bedded, fissile, interbedded buff 
to tan, very fine-grained, thin-bedded 
calcareous sandstone. 3.9

27. Siltstone, red to greenish gray, 
variegated, thin-bedded, thinly 
laminated, fissile, friable, calcareous, 
some interbedded thin layers of 
greenish-gray to buff, very fine
grained, thin-bedded sandstone, slope 
former. 16.8

26. Marlstone, gray, fine-grained, massive 
at base to thin-bedded at top, weathers 
into nodules, slight ridge former. 1.0

25. Siltstone, greenish-gray, thinly 
laminated, fissile, friable, calcareous, 
slope former. 1.6

24. Marlstone, pinkish-gray, very fine
grained, thin-bedded to massive, 
abundant calcite crystals filling vugs 
and veins, weathers white to gray, 
angular blocks. 1.6

23. Siltstone, greenish-gray, thinly 
laminated, fissile, friable, calcareous, 
contains a few thin lenses of 
marlstone, slope former. 6.5

22. Marlstone, reddish gray, very fine
grained, massive, abundant calcite 
crystals in veins and vugs, weathers 
white to gray. 1.0
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Unit Description Thickness
(meters)

21. Siltstone, gray to green, thinly 
laminated, fissile, friable, 
calcareous, slope former. 2.8

20. Marlstone, orangish-gray, very fine
grained, thin-bedded, weathers white. 0.3

19. Sandstone, greenish-gray, very fine- to 
fine-grained, poorly sorted, thin-bedded, 
hard, calcium carbonate cement, 
lenticular. 1.1

18. Marlstone, pink to gray, very fine
grained, thin-bedded, vugular, 
abundant calcite crystals, weathers 
white to gray blocks, contains some 
interbedded siltstone. 2.9

17. Siltstone, greenish-gray, thinly 
laminated, fissile, friable, calcareous. 1.1

16. Marlstone, orangish-gray, very fine
grained, thin-bedded to massive, vugular, 
calcite crystals filling of veins and
vugs, weathers into blocks. 0.7

15. Siltstone, greenish-gray, thinly 
laminated, thin-bedded, fissile, friable, 
calcareous. 1.2

(off-set traverse along strike 500 feet to the west)
14. Mostly covered, marlstone, gray to 

brownish-gray, very fine-grained, thin- 
bedded at base, massive upward, recrys
tallized, hard, concordai fracture, 
weathers gray to white. 2.5

13. Sandstone, greenish-gray, very fine
grained, thin-bedded, hard, slightly 
calcareous, contains clay chips and silt 
lenses, thickens and thins laterally. 1.4

12. Mostly covered, marlstone, brownish- 
gray, very fine-grained, thin-bedded, 
recrystallized, abundant calcite veinlets 
and vugs, angular fractures, weathers
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Unit Description Thickness 
(meters)

white to gray, four to five feet of 
interbedded, greenish-gray, thin-bedded 
siltstone in middle portion. 4.4

11. Sandstone, white to buff, fine-grained, 
subangular, poorly sorted, ripple 
laminated, thin-bedded at base, massive 
upward, very calcareous, contains 
abundant clay. 1.2

10. Siltstone, greenish-gray, thinly-bedded, 
fissile, slightly calcareous, slope 
former. 3.3

9. Sandstone, white, medium-grained, 
moderately sorted, ripple laminated at 
base, small scale cross beds at top, ’ 
3-4 inch sets, massive, highly cemented, 
calcareous. 1.4

8. Limestone, gray to dark gray, very fine
grained, dense, wavy, laminated at base, 
massive, thin-bedded at top, contains 
some sand grains, weathers to a rough, 
blocky surface. Capped by 3-4 inches of 
gray shale. 1.3

7. Siltstone, greenish gray, thin-bedded, 
fissile, calcareous, interbedded white to 
tan, fine-grained, moderately sorted, 
thinly laminated, lenticular sandstone. 4.9

6. Interbedded sandstone, siltstone, shale 
and limestone. Sandstones are tan, very 
fine-grained, thin-bedded. Siltstones 
are gray to olive green, thinly laminated, 
platy, calcareous. Shales are dark gray, 
thinly laminated, fissile, unit is capped 
by gray, dense massive limestone with 
rough weathered surface. Alternating 
beds are 1/2 to 1 1/2 feet thick. 3.3

5. Limestone, gray, dense, wavy laminated, 
massive, upper one-third is oolitic. 0.4

4. Interbedded siltstone and marlstone. 
Siltstones are tan, olive green to gray, 
thin-bedded, blacky, slightly calcareous
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Unit Description Thickness
(meters)

and contain lenses of fine grain sand. 
Marlstone is gray, fine-grained, with 
irregular surfaces and shale breaks, shows 
evidence of load casting. A 2-3 inch 
zone of chert occurs 2 feet below the 
top, locally welded, lenticular, with 
white and red crystal of quartz lining 
vugs and cavities. 2.8

3. Welded chert, white to gray, very coarsely 
crystalline, highly cemented locally, 
friable in others, occurs in cavities and 
vugs of limestone layer. 0.1

2. Interbedded siltstones and sandstones. 
Siltstones are green to gray, very thin- 
bedded, blocky to fissile, slightly 
calcareous. Sandstones are tan to gray, 
very fine-grained, poorly sorted, silty, 
thin-bedded, irregular surfaces, lenticu
lar. Unit contains three bluish-gray 
welded chert zones 1/2 to 2 inches thick, 
at base, middle, and top. 3.8

TOTAL THICKNESS OF MORRISON FORMATION 103.2 
RALSTON CREEK FORMATION

1. Interbedded gypsum and siltstones. 
Gypsum layers are one foot thick, white 
to gray, finely crystalline, silty, 
nodular to bedded. Siltstones are 1/2 to 
1 foot thick, greenish-gray, thin-bedded, 
fissile, slightly calcareous. 1.8
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Section 3 - Lower Morrison and Ralston Creek Formations

Location. Section measured at abandoned quarry on 
Table Mountain Ranch 0.2 mile west of intersection of 
Red Devil Road and U.S. Highway 115 (SW3%, NE%, sec. 24, 
T. 17 S., R. 67 W.).

Strike: N 30° W
Dip: 4° SW

Unit Description Thickness 
(meters)

MORRISON FORMATION
52. Limestone, gray, fine-grained, thinly 

laminated, massive, irregular lower 
surface, weathers pink. 0.3

51. Siltstone, gray, blocky, irregular 
bedding, abundant load casting. 0.1

50. Sandstone, buff to gray, very fine
grained, silty, thinly laminated, 
massive. 0.3

49. Siltstone, gray to green, blocky, thin- 
bedded, load casting evident. 0.1

48. Sandstone, tan, very fine-grained, 
well sorted, thinly laminated, massive. 0.1

47. Interbedded gray, thin-bedded, nodular, 
lenticular, dolomitic limestone, gray, 
thin-bedded siltstone and a few thin, 
very fine-grained sandstone lenses. 1.1

46. Claystone, green to yellow, thin-bedded
upper surface shows load casting. 1.1

45. Chert zone, grayish-white, very 
resistant in places, locally pink and 
white, quartz crystals fill cavities
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Unit Description Thickness
(meters)

of recrystallized, sugary, lenticular 
limestone. 0.1

44. Interbedded limestone and siltstone. 
Limestones are gray, dolomitic, 
massive, and contain magnesium oxide 
dendrites. Siltstone, olive green 
thin-bedded, sandy. 0.9

43. Siltstone and claystone, olive green to 
gray, thin-bedded, load casted. Small 
lenses of chert and quartz crystals fill 
vugs and cavities throughout unit. 1.2

42. Limestone, gray, coarsely crystalline, 
vugular, chert in vugs. 0.1

41. Claystone and siltstone. Olive green to 
gray, thin-bedded at top, massive at 
base, jointed, load casting locally, 
contains thin lenses of gypsum, chert 
and limestone nodules in lower one-half. 2.4

40. Limestone, gray, coarsely crystalline, 
locally replaced by lenses of gypsum 
and chert. Red and white quartz crystal 
fill vugs, very loose and friable when 
not cemented. Unit has very irregular 
surfaces and appears to be discontinuous 
laterally. 0.1

39. Shale, gray, thinly laminated, fissile, 
to blacky, calcareous. 0.3

38. Sandstone, gray to tan, very fine-grained, 
well sorted, thin-bedded, calcareous, 
contains numerous gypsum nodules up to 
4 inches diameter, and lower surface is 
very irregular. 0.3
THICKNESS OF LOWER MORRISON Fm. INTERVAL 8.5

RALSTON CREEK FORMATION
37. Gypsum, white, coarsely crystalline, 

bedded, weathers pink and contains 
sandy silt seams. 0.9
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Unit Description Thickness 
(meters)

36. Siltstone, red, gypsiferous, thin- 
bedded , irregular surfaces. 0.3

35. Gypsum, white, bedded, moderately 
clean, contains some silt seams in 
joints, (may be desiccation cracks). 0.3

34. Siltstones, red to brown, thin-bedded, 
gypsiferous. 0.6

33. Gypsum, white to pink, bedded, 
jointed, silt seams in fractures. 0.1

32. Siltstone, red to gray, thin-bedded, 
gypsiferous. 0.6

31. Gypsum, white to pink, bedded. 0.3
30. Siltstone, red to brown, gypsiferous, 

thin-bedded, partially covered. 0.3
29. Gypsum, white to gray, nodular, highly 

jointed, contains siltstone seams. 0.1
28. Siltstone, red to brown, mostly covered. 0.3
27. Gypsum, white, crystalline, bedded, 

appears to be clean. 1.2
26. Siltstone, tan to gray, gypsiferous, 

thin-bedded, irregular upper and lower 
surfaces, load casted. 0.3

25. Gypsum, white, crystalline, nodular at 
top and base, massive in middle, silt 
fills joints and cracks in nodular 
zones, some thin gray shale breaks. 1.5

24. Gypsum, white to pink, crystalline, 
bedded, few silt layers, numerous 
gypsum veins throughout, quarrying 
quality. 0.9

23. Gypsum, white to gray, silty, nodular, 
contains abundant gypsum veins. 0.8

22. Mudstone, gray, gypsiferous, abundant 
load casting. 0.1
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Unit Description Thickness
(meters)

21. Gypsum, white to gray, bedded, silty, 
becoming sandy at base. 1.1

20. Sandstone and siltstone. Six-inch 
sandstone at top is grayish-green, 
fine-grained, well sorted, slightly 
calcareous. Siltstone is dark gray, 
thin-bedded, platy, sandy, load casted. 
Gypsum seams and nodules abundant 
throughout unit. . 0.8

19. Gypsum, gray, nodular and bedded, 
silty. Thin silt seams and silty 
gypsum are irregular and load casted. 3.4

18. Siltstone, gray gypsiferous, thin- 
bedded, fissile, contains gypsum 
nodules up to three inches diameter, 
irregular bedding, load casted. 0.3

17. Gypsum, white to gray, nodular, 
contains abundant silt and sand, 
irregular bedding. 0.9

16. Sandstone, white to tan, gypsiferous, 
very fine-grained, angular to subangular, 
well sorted, plain-bedded, massive, 
contains numerous gypsum veins and 
nodules. 1.8

15. Siltstone, gray, gypsiferous, contains 
abundant veins and nodules up to 4 
inches. Lenses of nodular gypsum 
zones at top and base appear conformable 
with bedding. 2.4

14. Gypsum, white, crystalline, bedded, 
relatively clean at top becoming 
silty at base. 0-9

13. Sandstone, gray, very fine-grained, 
rounded to subrounded, massive, 
calcareous, grades into sandy siltstone 
at base. 0.1
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Unit Description Thickness
(meters)

12. Interbedded, white to gray gypsum 
and gray siltstone. Gypsum is 
nodular at top and base. Lower 
boundary appears to be an irregular 
scour surface. 0.6

TOTAL THICKNESS OF RALSTON CREEK FORMATION 20.9
LYKINS FORMATION

11. Siltstone, orange to pink, gypsiferous, 
thin-bedded to massive, upper surface 
is irregular. 1.8

10. Sandstone, orange, mottled gray, 
gypsiferous, very fine-grained, 
massive, minor shale breaks. 0.6

9. Siltstone, red, mottled gray, thin- 
bedded, platy to flaggy, gypsiferous 
at top, calcareous. 8.5

8. Limestone, dolomitic, gray, finely 
crystalline, wavy laminated, dense, 
contains algal structures, ledge
former. 0.9

7. Gypsum, white to gray, moderately 
crystalline, wavy laminations at base, 
irregular upper and lower surfaces. 0.4

6. Limestone, white, finely crystalline, 
thinly laminated, dense, gypsiferous. 0.1

5. Siltstone and mudstone, red, gray 
bleached zones, thin-bedded, gypsiferous, 
slope former. 9.6

4. Gypsum, white, moderately crystalline, 
bedded, massive, relatively pure. 1.5

3. Dolomite, gray, very fine-grained, 
wavy laminated, massive, algal structures, 
gypsiferous at base, irregular upper
and lower surfaces, ledge former. 1.4
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Unit Description Thickness
(meters)

2. Siltstone, orange to red, gray 
streaks, thin-bedded, blocky, becomes 
sandy toward base, slightly -
calcareous. 19.1

. TOTAL THICKNESS OF LYKINS FORMATION 43.9
LYONS FORMATION

1. Sandstone, quartzose, orange, some 
gray mottling, fine-grained, well 
sorted, massive, friable, grades 
upward transitionally into overlying 
siltstone, slope former. 2.4
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Section 4 - Upper Fountain and Lyons Formations

Location. Measured on the east side of Table Mountain 
near a slight bend in abandoned electrical line and west of 
trail on Table Mountain Ranch (SW%, NE%, sec. 13, T. 17 S., 
R. 68 W.).

Strike: N 35° W
Dip: 20° SW

Unit Description Thickness 
(meters)

LYKINS FORMATION
40o Limestone, dolomitic, gray, finely 

crystalline, thinly laminated ledge 
former. 1.2

39. Covered, appears to be mostly siltstone, 
reddish brown, blocky, slope former. 23.2

LYONS FORMATION
38. Sandstone, orange, quartzose, fine- to 

very fine-grained, subangular to 
subrounded, well sorted, massive, 
moderately friable, slightly calcareous, 
slope former. 2.4

37. Covered, lower 25 feet covered with 
terrace gravels, pebbles, cobbles and 
boulders up to 2 feet in diameter composed 
of granite, quartz, monzonite, and biotite 
gneiss. 34.9

36. Siltstone, red and white mottled, blocky, 
slightly calcareous, slope former. 3.8

35. Sandstone, pink, medium- to coarse
grained, poorly sorted, conglomeratic at 
base, silty at top, fines upward, massive, 
friable, very calcareous, slope former. 1.3
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Unit Description Thickness
(meters)

34. Siltstone, red, sandy, poorly sorted. 0.9
33. Sandstone, pink to red, very coarse

grained at base fining upward to fine
grained, poor to moderate sorting, 
massive, friable, calcareous. 2.8

32. Interbedded siltstone, sandstone and 
nodular limestone. Sandstones are 
pink to purple, medium- to very fine
grained, fining upward, well to poorly 
sorted, and contain highly calcareous 
cemented zones which are one foot thick 
and lenticular (caliche). Nodular lime
stone is gray, sandy, 1 to 3 inches thick, 
lenticular and occur below coarser 
sandstone units. Siltstone is red, 
sandy, thin-bedded, blocky. 5.1

31. Siltstone, red, blocky to platy, 
calcareous. 1.2

30. Sandstone, pink, arkosic, very fine- 
to very coarse-grained, silty, poorly 
sorted, fines upward, massive, 
moderately friable, very calcareous. 3.0

29. Interbedded, red, sandy, siltstones 
and orange to purple, mottled gray, very 
fine- to medium-grained, poorly sorted, 
feldspathic, calcareous sandstone 
containing dark rock fragments. 4.1

28. Siltstone, red to orange, sandy at 
base, calcareous. 3.0

27. Sandstone, red, mottled gray, arkosic, 
very fine- to very coarse-grained, 
fining upward, poor to moderate sorting, 
calcareous, cemented, contains limestone 
nodules at base. 2.4

26. Siltstone, red, orange to purple, 
mottled gray, limestone nodules at top 
and base, very fine-grained sand at 
base. 4.4
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Unit Description Thickness
(meters)

25. Sandstone, orange to purple, mottled 
gray, feldspathic, very fine- to medium
grained, very coarse sand grains at base, 
fining upward, poorly sorted, massive, 
calcareous. 4.4

24. Siltstone, red to orange, very fine 
sand grains at base. 1.9

23. Sandstone, orange, quartzose, medium- 
to fine-grained, moderately sorted, 
subangular, massive, becoming thin-bedded 
upward, moderately friable, coarse sand 
grains in basal six feet, plane beds with 
some evidence of scour. 4.1

TOTAL THICKNESS OF LYONS FORMATION 79.7
FOUNTAIN FORMATION

22. Siltstone, red, thin-bedded, fissile at 
top, calcareous. 1.8

21. Sandstone, purple to pink, feldspathic, 
fine- to very coarse-grained, fining upward, 
poorly sorted, massive, plane bed, moderately 
friable, carbonate cement and conglomeratic 
lenses at base, some scour evident. 1.2

20. Siltstone, red to purple, arkosic, micaceous, 
fissile, very coarse sand grains at base, 
gray leached zones. 7.1

19. Sandstone, purple to orange, mottled 
gray, arkosic, micaceous, fine- to coarse
grained at base to fine-grained silty 
sandstone, plane-bedded calcareous. 2.8

18. Sandstone, purple to pink, mottled gray, 
arkosic, medium to very coarse-grained, 
conglomeratic, poorly sorted, fining upward, 
massive, plane-bedded calcareous. 2.8

17. Interbedded sandstone and siltstone, red to 
orange, feldspathic, very fine-grained, 
poorly sorted, thin-bedded. 1.4
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Unit Description Thickness 
(meters)

16. Sandstone, purple to red, mottled gray, 
arkosic, coarse-grained, locally 
conglomeratic, poorly sorted, plane 
bedded. 0.5

15. Siltstone, orange, sandy at base, 
calcareous. 1.4

14. Sandstone, purple to red, fine- to 
medium-grained, locally coarse-grained 
poorly sorted, friable, calcareous. 1.6

13. Interbedded red, mottled gray, thin- 
bedded siltstones and orange, mottled 
gray, very fine-grained quartzose sand
stones. Bedding surfaces are irregular. 3.4

12. Limestone, gray, lithographic finely 
crystalline, dense, irregular bedding, 
rough weathered surface, locally red 
stained, some evidence of algal 
structures. 0.5

11. Sandstone, purple, gray mottled, arkosic, 
fine- to coarse-grained, conglomeratic at 
base, fining upward, thin-bedded, some small 
scale cross beds, mostly plain-bedded, 
calcareous. 3.0

10. Sandstone, orange to red, mottled gray, 
arkosic to quartzose, very fine- to fine
grained, moderate sorting, thin bedded, 
locally massive, friable. 1.0

9. Sandstone, purple to red, arkosic, fine- 
to coarse-grained, repeated conglomeratic 
lenses, moderate to poor sorting, gray 
calcareous zones at base of coarse-grained 
units, mostly plane bedding, some cross 
beds, moderately friable. 5.3

8. Sandstone, orange, quartzose, fine-grained, 
well sorted, subrounded, plane bedding, 
six-inch, bleached white, calcareous zone 
at base. 0.9

7. Siltstone, red to gray, very thin-bedded, 
fissile, with gray, discontinuous, 
nodular, dense, limestone at top. 1.2
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Unit Description Thickness
(meters)

6. Sandstone, orange, quartzose, fine
grained, well sorted, thin-bedded, 
plain-bedded, calcareous. 0.3

5. Siltstone, red, mottled gray, platy, 
thin-bedded. 0.9

4. Sandstone, red, mottled white, fine
grained, well sorted, subangular, plain- 
bedded, minor ripple laminations, 
resistant, calcareous. 0.9

3. Siltstone, red, sandy, poorly sorted, 
platy to blocky, contains two thin 
gray lithographic dense limestones 
near top and base of unit. Limestones 
are 1 to two inches thick, fractured, 
discontinuous, and exhibit irregular 
surfaces. 3.0

2. Sandstone, red to orange, bleached 
white at top, fine-grained, well 
sorted, subangular, plain-bedded, 
massive, calcareous. 0.6

1. Sandstone, red to pink, arkosic, 
conglomeratic, medium- to very-coarse, 
poorly sorted, fines upward, cross bed, 
moderately friable, calcareous. 
Conglomerate contains pebbles up to 
one inch diameter at base, locally two 
to three inch lenses of nodular limestone 
fragments. 0.7

THICKNESS OF MEASURED UPPER FOUNTAIN Fm. INTERVAL 42.3
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Section 5 - Manitou Formation

Location. Section exposed at an abandoned quarry 
250 meters north of Ford’s Mountaindale Ranch (SE%, NE%, 
sec. 1, T. 17 S., R. 68 W.).

Strike: N 65° E
Dip: 35° SE

Unit Description Thickness
(meters)

HARDING SANDSTONE
15. Sandstone, quartz, pink, very fine

grained, coarse-grained sand lenses, 
subrounded, poorly sorted, calcareous, 
thin-bedded, ripple laminated, hard 
and brittle, coarse-grained sand is 
pitted and frosted, irregular lower 
boundary. 3.0

MANITOU FORMATION
14. Limestone, dolomitic, red, becomes 

sandy toward top, flat pebble con
glomerate at base, thin-bedded, 
irregular upper boundary. 2.4

13. Limestone, dolomitic, pink to red, 
fossiliferous, vugular, mottled white, 
minor shale breaks, massive, circular
fossils appear to be oncolites. 1.5

12. Dolomite, red and white, algal, platy, 
ripple laminated, thin-bedded. 0.3

11. Dolomite, deep red, finely crystalline, 
massive, thin layers (1/4 to 1/2 inch 
at top). 1.1

10. Dolomite, pinkish-white, becomes red 
toward top, fine-grained, massive. 3.4
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Unit Description Thickness 
(meters)

9. Limestone, dolomitic, pink, soft, 
porous, contains abundant nodular 
chert (1 to 2 inches thick), massive. 1.2

8. Limestone, dolomitic, pinkish-white, 
white bleached zones, finely 
crystalline, soft, ripple laminated, 
bimodel, abundant burrows, some chert 
at base, massive. 3.7

7. Dolomite, pinkish-white, coarsely 
crystalline, hard, gray bleached 
zones, ripple marks, trace fossils, 
massive. 0.6

6. Dolomite, pink, soft, chert seams 
(1/4 inch to 1/2 inch), more abundant 
at top, porous (particularly around 
chert seams). 4.3

5. Dolomite red to pink, finely crystalline, 
hard, few thin chert lenses, ripple 
marked, some trace fossils, thin shale 
breaks (3 to 4 feet apart), massive. 5.8

4. Dolomite, pinkish-red, soft, vugular, 
chert seams (1/2 inch to 4 inches), chert 
becomes more abundant toward top, thinly 
laminated at base, appears to be ripple 
marked, massive. 4.6

3. Dolomite, brownish-red, coarsely 
crystalline, white bleached zones, 
irregular bedding, blocky at top, 
massive at base. 2.9

2. Dolomite, deep red, coarsely crystalline, 
coarse sand grains, 1.5 feet above base, 
irregular bedding, blocky at top, massive 
at base. 3.4

TOTAL THICKNESS OF MANITOU FORMATION 35.2
Unconformity
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Unit Description Thickness 
(meters)

PRECAMBRIAN
1. Gneiss, biotite, gray to green; contact 

partially covered.
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Dakota Group
Dakota Sandstone. Kd, tan to purple, medium- to very fine-grained,

Terrace gravels
Boulder, cobble, and pebble gravels composed of granite, biotite 

gneiss, quartz monzonite, and sandstone which cap bedrock 
surfaces.

Alluvium
Sand and gravel deposited by recent streams.

Landslides
Landslide blocks consisting of debris from Dakota group, Morrison, 

and Ralston Creek formations.

UNCONFORMITY!?)

ANGULAR UNCONFORMITY

Morrison Formation
Varicolored, gray, green and red. fine-grained, fissile to blocky, 

thin bedded siltstone and marlstone interbedded with white to 
greenish-gray, medium- to very fine-grained, thin to massive 
bedded, calcareous sandstone and gray, dense, wavy laminated 
limestone.

Ralston Creek Formation
White gray to pink, coarsely crystalline, massive gypsum inter

bedded with brown to gray, thin bedded, sandy, gypsiferous silt
stone and marlstone and some gray, very fine-grained, calcareous 
gypsiferous, massive sandstone.

" UNCONFORMITY!?)

Lykins Formation .
Red to gray, platy to blocky, thin bedded, gypsiferous, sandy mud

stone and siltstone interbedded with gray, fine-grained, wavy 
laminated, dense dolomitic limestone; white to gray, moderately 
crystalline, massive gypsum; and some orange, very fine-grained 
massive, gypsiferous sandstone.

Lyons Sandstone(?)
Orange, fine- to very fyie-grained, crossbedded, massive, quartz 

sandstone interbedded with red to purple, calcareous, micaceous 
siltstone locally containing nodular limestone and caliche zones.

Fountain Formation
White, pink and red, poorly sorted, crossbedded, quartzose and 

arkosic sandstone and conglomerate interbedded with red to 
purple siltstone and gray, thin bedded, dense limestone.

Fremont Formation
Pink to buff, finely to coarsely crystalline, sandy, massive 

dolomite and dolomitic limestone; locally containing chert and 
brecciated zones.

Harding Formation
White, buff to yellow, coarse- to very fine-grained, crossbedded, 

massive, quartzose sandstone containing Ostracoderm plates 
and interbedded green-gray to red, sandy shale.

UNCONFORMITY

Manitou Formation
Pink to red, finely to coarsely crystalline, foesiliferous, massive, 

interbedded dolomite and dolomitic limestone; locally containing 
abundant chert.

Precambrian undifferentiated
Metasediments, megmatite, pegmatite dikes, and igneous rocks 

consisting principally of biotite gneiss, biotite schist, biotite 
quartz monzonite, red, coarse biotite granite and some quartzite.

Contact
Dashed where approximately located

Dashed where approximately located: dotted where

Reverse fault
Dashed where approximately located 

R. upthrown side

Anticline

Syncline

-+

bearing and plunge of a ms"

Strike and dip of beds



GEOLOGIC STRUCTURE SECTIONS
Ü188000645232

PLATE 2

MT. PITTSBURG QUADRANGLE. COLORADO

PLATE 2 Geologic Cross Sections

Mt. Pittsburg Quadrangle. Colorado

SECTION ALONG C - C

Sections A-A’ 
B-B’ 
C-C’

EXPLANATION ON PLATE 1

IS Ir



i i i t'a-'y/.

to s.D'Ounaea moderates well sorted mass :e some cross-st-a’i* cat.c- lenticular

.'-eroeccec sandstones and s "stones Sandstones a e o-ange -ed to oi.ro,e mofaed 
g o-e-at c poo- > so-tec most y piare-Deddec S ’stones a-e Ted to ouro-e' tn,-, bedded tissue sandy calcareous

of gray 'issue coaiy sr-ale

interbedded sandstones and shales Sandstones are bu1* to ouve-green. ve-y *ine- gramed subanguta- very thm-oedded -.pp.e amnatec ca-bonaceous calcareous abundant trace ‘ossds Shales are gray to dark gray thinly ïami-atea ca-ttn-acec.s load casted

snaie are da-« gray, carbonaceous " '

Sandstones a'e o-n« c-a-ge -eg ourpie very coarse- to -.e'y 'me-g-amed locally con- giomeratic. gua-tzose to arkosic, poorly sorted most'y oiare-beddeo at top crossbedded at base Siltstones a'e red. arsoS'C t-n-beddeo interbedded with tn - gray dense lenticule- -.estones 'ea- top Limestones exmct rreguiar surfaces Conglomerates ccc_- o'edom.nanti, at base conta - pebbles and granules cross- bedded abundant scou- surfaces

O’S- brow- g,ps 'erous m --heeded --egu ar upper and ewe, Su-taces^ ab.-pa-t load castmg


