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ABSTRACT

A detailed stratigraphie study of the Permo-Pennsylvanian Ingleside 

Formation along the east side of the Laramie Range in southeastern 

Wyoming and northern Colorado reveals an overall regressive sequence 

composed of complexly interbedded carbonate and siliciclastic units. 

Relative sea level fluctuations moved zones of deposition of 

continental, nearshore, and marine sediments repeatedly across the study 

area. Facies changes were localized by fault blocks downstepping from 

the Ancestral Front Range uplift located southwest of the study area. 

Detrital sediment was supplied by fluvial systems draining this uplift. 

Carbonate sediment was generated in situ in the shallow, warm seas and 

was mixed with detrital grains by tidal currents, wave action, and 

bioturbation. Porous dolomites, well-sorted quartz sandstones, and 

arenaceous limestones are interbedded with less porous tight limestones 

and silty sandstones that could provide stratigraphie traps for 

accumulations of petroleum. Structural traps could result when these 

porous facies are truncated against one of the many fault blocks in the 

area. Mature source rocks in the basin have been documented by other 

workers. The overlying Satanka Formation shales and siltstones could 

act as a seal above porous rocks located near fault zones.
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INTRODUCTION

The Upper Pennsylvanian and Lower Permian Ingleside Formation, 

exposed along the eastern side of the Front and Laramie Ranges, 

undergoes a facies change northeastward from dominantly nearshore 

siliciclastic deposits near Lyons, Co., to dominantly marine carbonate 

deposits near the Colorado-Wyoming border. Present-day outcrops strike 

north-south, obliquely to the northwest-southeast trend of the Ancestral 

Front Range (Mallory, 1972) and cross the area where continental and 

marine environments merged. A description of the zone of intercalation 

of nearshore sandstones and marine limestones is made to evaluate the 

lithologies and facies changes of the area as possible petroleum 

reservoirs and traps and to gain insight into the processes and 

conditions constraining intermixing of carbonate and clastic sediments.

Location

Along the eastern side of the Laramie Range, the study area crosses 

the zone of intercalation near the Colorado-Wyoming border, from T. 11 

N., R. 69 and 70 W. in Larimer County, Colorado to T. 14 N., R. 69 and 

70 W. in Laramie County, Wyoming (Fig. 1). Intermittently covered by 

Tertiary rocks, the Ingleside Formation is well exposed in canyons, and 

carbonate beds are exposed throughout the study area. Interstate 80 

extends through the northern half of the area and numerous secondary and 

ranch roads provide access to the exposures.
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Figure 1: Map showing locations discussed in the text and area of 
detailed stratigraphie study. Solid curved line shows 
approximate location of Pennsylvanian-Permian outcrop. 0C=0wl 
Canyon, LR=Livermore Reentrant. For inset map : Numbers 1-6 
refer to locations of measured sections in this report, small 
triangles refer to locations of fusulinid data. AC=Antelope 
Creek (Hoyt, 1963), BEC=Boxelder Canyon (Maughan, 1978), 
DC=Duck Creek (Maughan, 1978), GC=Granite Canyon (Hoyt, 1963).
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Previous Studies 

Nomenclature and Stratigraphy

The Fountain Formation (Cross, 1894) was described to include the 

coarse grained, arkosic, cross-bedded sandstones and purple sandy shales 

that unconformably overlie older sedimentary rocks in the Colorado 

Springs area and Precambrian granites and gneisses further northward. 

Rocks of similar lithology and position to those of the type area are 

called Fountain Formation along the eastern side of the Front and 

Laramie ranges in Colorado (Butters, 1913) (Fig. 2).

The Ingleside type section was described by Butters (1913) near 

Ingleside, Colorado, as alternating fine-grained sandstones and 

limestones. He considered the Ingleside a "lithological unit” of the 

Fountain, and showed that the Ingleside rocks gradually become more 

sandy to the south and are undistinguishable from the Fountain just 

north of Lyons, Colorado. The Laramie and Sherman 15’ quadrangles were 

mapped and described by Barton, Blackwelder, and Siebenthal (1910), 

covering the Wyoming portion of the study area. Barton (1910) uses the 

term Casper Formation for the rocks between the Precambrian and the 

overlying red shales and fine-grained sandstones (Satanka Formation), 

including all the Fountain and Ingleside rocks of the Colorado 

terminology (Fig. 2). He noted the abundance of sandstones in the 

Casper of the Laramie basin on the western side of the Laramie Range ; 

and on the eastern side of the range, the profusion of limestones to the 

north of the Colorado-Wyoming state line and the facies change to red
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sandstones to the south. Barton’s terminology is in use in Wyoming 

(Fig. 2), where there is a gradational boundary between Fountain arkosic 

sandstones, conglomerates, and shales, and Ingleside fine-grained 

sandstones and limestones. Maughan and Ahlbrandt (1978) differentiated 

the Fountain Formation into lower and upper members on the basis of 

carbonate content (Fig. 3). The lower member includes rocks from the 

top of the Precambrian rocks to the lowest stratigraphie occurrence of 

marine rocks, and the upper member includes interbedded fluvial and 

nearshore marine rocks below a Virgilian-Wolfcampian unconformity 

(Maughan, 1978). They restrict the Ingleside to the Wolfcampian 

limestones and fine-grained sandstones below the Satanka Formation. The 

Satanka Formation (Barton et al, 1910) was originally defined to be the 

red shale above the Casper Formation and below the Forelle Limestone in 

the Laramie basin, but is now in common use for the red shales and fine

grained sandstones above the Ingleside on the eastern side of the range 

(Berman, 1978; Napp, 1985) and in the subsurface (Sonnenberg and Weimer, 

1981). Maughan and Wilson (1963) used Satanka Formation for the red 

beds above the Ingleside and Casper in the Front Range. Condra, Reed, 

and Scherer (1940) proposed the term ’’Owl Canyon Formation” (Fig. 2) for 

the rocks between the Ingleside and the Lyons Formation. Maughan (1980) 

advocated use of this term in his later work.

Age

The Ingleside Formation was considered Pennsylvanian by Butters 

(1913). A closer bracketing of the age of the Ingleside in northern
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Figure 3: Stratigraphie cross section from Lyons, Co. (LY) to the north 
edge of the study area. Measured section locations as in 
Figure 1. Divisions of Maughan and Ahlbrandt 
(1978) on the left side of diagram: LF=lower Fountain, 
UF=upper Fountain, I=Ingleside Formation (Maughan*s upper 
Fountain Formation is equal to the lower and middle Ingleside 
divisions of this report). Locations and age of fuslinids 
denoted by: A=Atokan, D=Desmoinesian, M=Missourian, 
V=Virgilian, W=Wolfcampian. Depositional environments after 
Maughan and Ahlbrandt, 1978.
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Colorado is possible with fusulinid data. Hoyt and Chronic (1961) 

identified a Wolfcampian fusulinid above the lowest of three limestone 

beds in Owl Canyon (Fig. 3). Data from Maughan (1978, pers. comm.) and 

Hoyt (1963) is tied to measured sections in this study (Fig. 1, Plate

1), and the Ingleside in this area ranges from Atokan to Wolfcampian in 

age.

Depositional Environments

Pederson (1953), using detailed sandstone petrography of the Casper 

Formation along the western flank of the Laramie Range and in the 

Laramie basin, interpreted the Casper to be a beach sand which was 

reworked and redeposited by eolian processes. Willhour (1958), 

attributed the lithologie variations in the Ingleside to occasional 

influxes of continental siliciclastic sediments or temporary regressions 

of the sea. Maughan and Wilson (1963) and Maughan and Ahlbrandt (1978) 

show that the Desmoinesian through Wolfcampian exposures from Lyons, 

Colorado to Crow Creek (T15N) in southeastern Wyoming exhibit a gradual 

change northward from terrestrial to marine deposits (Fig. 3). Maughan 

also suspects increased angularity in the Wofcampian-Virgilian 

unconformity near the Colorado-Wyoming state line (pers. comm.). 

Sonnenberg (1981) interpreted a fluvial (point bar) environment for the 

Ingleside sandstones near Fort Collins, Colorado. He stated that the 

Ingleside thickens and becomes richer in carbonates in the subsurface to 

the northwest. Berman (1978) examined Pennsylvanian and Permian rocks 

in the area just south of the study area and concluded that the
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alternating lithologies of the Ingleside reflect cyclically alternating 

marine and coastal fluvial conditions caused by eustatic changes in sea 

level. Fredrickson (1978) proposed a fan-delta origin for the upper 

portion of the Fountain Formation, a beach and coastal dune environment 

for fine-grained Ingleside sandstones, and a protected marine shelf or 

open platform environment for Ingleside limestones based on detailed 

pétrographie work at Owl Canyon. Napp (1985) studied the Fountain and 

Ingleside outcrops from Lyons, Colorado northward to a location just 

south of the area detailed in this study. He interpreted that the 

Fountain lithologies represent deposition from fan deltas and Ingleside 

lithologies formed on a hypersaline shelf freshened by periodic influx 

of fluvial water and sediments.

Petroleum Potential

Interest in the subsurface properties of the Paleozoic rocks of the 

northern Denver basin bloomed in the 1950fs with the discovery of oil in 

the Permian Lyons Formation (Berman, 1978) and interest in this system 

has recently surged again (Sonnenberg, 1985). Momper (1966) correlated 

subsurface data and delineated facies changes progressing from 

continental to marine in northwest-trending facies belts (Fig. 4), 

providing a framework for later workers to refine on a smaller scale. 

Momper also postulated the existence of oil-productive algal mounds 

similar to those in the Paradox basin. Wilson (1978) reported oil shows 

in Permo-Pennsylvanian dolomitized porous grainstones in the Nebraska 

panhandle and postulated the reservoir porosity was enhanced by
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supratidal dolomitization. Production has been established from the 

Pennsylvanian of Cheyenne County, Nebraska (Petroleum Information,

1985). On the western edge of the northern Denver basin, fault traps in 

Paleozoic rocks have been tested on the basis of seismic data (McCaslin, 

1985; Sonnenberg, 1985).

Regional Structure

The trend of the Ancestral Front Range uplift during the 

Pennsylvanian was northwestward from Denver (Mallory, 1960) (Fig. 5). 

Facies belts skirting the uplift also trend northwest (Momper, 1963). 

Sediment was contributed from the Ancestral Front Range uplift through 

Wolfcampian time. The Pathfinder uplift probably provided sediment to 

the study area during Desmoinesian time (Mallory, 1972). Elements of 

the northeast-trending transcontinental arch, the Wattenberg high and 

especially the Morrill County high (Fig. 5), affected deposition in the 

study area, particularly during the Wolfcampian when these elements 

served to restrict circulation with the shelf to the south (Weimer and 

Sonnenberg, 1981).

Methods of Study 

Six detailed stratigraphie sections were measured across the 

twenty-two mile long study area. This data was supplemented by 

pétrographie study of sixty thin sections and forty-five acetate peels 

made from poished and etched slabs. The pétrographie samples are 

mostly, but not exclusively, of the carbonate units. Silicilastic units 

are described from field notes.
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Figure 4: Facies belts paralleling the ancestral Front Range uplift, 
Desmoinesian through Wolfcampian time, after Momper, 1963. 
Locations as in Figure 1.
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Figure 5: Regional structural elements. MCL= Morgan County Low,
MCH=Morgan County High, WH=Wattenberg High, after Sonnenberg 
and Weimer, 1981. Locations as in Figure 1.
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FOUNTAIN AND INGLESIDE FORMATIONS 

Fountain Formation lithologies in the study area are very similar 

to those described by many workers along the Front Range and are 

mentioned briefly here only because they are interbedded with the 

Ingleside Formation. The Fountain Formation in the study area underlies 

and intertongues with the Ingleside Formation in the lower third of 

measured sections 1 and 2 (Fig. 6). The Fountain-Ingleside Formation 

boundary is placed at the base of the stratigraphically lowest limestone 

(Plate 1). Above the formation boundary feldspathic sandstones are 

interbedded with limestones in the Ingleside transition zone (Fig. 6). 

Discontinuous beds and rapid facies changes are common in the lower 

portions of the section.

Facies Descriptions 

Discussion of the wide variety of Ingleside and Fountain Formation 

rocks in the study area is facilitated by referring to types of rocks 

with distinctive lithological and biological characteristics (Freidman 

and Sanders, 1978) as facies. Facies are divided on the basis of 

characteristics observable in the field in the case of detrital rocks, 

and on the basis of constitutent percentage as well as field 

characteristics in the case of carbonate rocks. Depositional 

environments of facies described below are discussed in the facies 

interpretations section.

Fountain Facies

Fountain facies are characterized by low carbonate content and a
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Figure 6: Stratigraphie cross section across the study area. Informal 
divisions of the Ingleside used in this report:
IU=upper Ingleside Formation, IM=middle Ingleside, IL=lower 
Ingleside, and IT-Ingleside transition zone. F=Fountain 
Formation. Measured section locations are labeled as in Figure 
1. Datum (starred horizon) is the highest continuously 
exposed dolomite/limestone bed. See also Plate 1.
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large range of grain sizes. Fountain facies in this area include red 

and green shales, purple argillaceous lime mudstone nodules in a red 

siltstone matrix, scours with coarse arkosic fill, and trough cross 

bedded arkosic and feldspathic sandstones. They are intermittently 

exposed in the lower parts parts of measured sections 1 and 2 in the 

southern portion of the area. Facies described in this section are also 

interbedded with limestones in the Ingleside transition zone and rarely 

in the lower and middle Ingleside divisions.

Interbedded red and green shales and silty sandstones occur 

in discontinuous pods and lenses (Fig. 7).

Broad scours form the base of fining-upward arkose (Fig. 8) and 

feldspathic sandstone beds. Many scours contain a basal conglomerate, 

with clasts ranging downward in size from six inches in maximum 

dimension to the size of coarse-grained sand. Composition of the clasts 

ranges from granite, similar to that exposed in the uplift to the west, 

in the lower portions of the Fountain Formation; to a mixture of 

granite, limestone, and rare rounded mudstone in the Ingleside 

transition zone. The matrix of the scour fill is arkose or feldspathic 

sandstone, with grain size ranging from very fine-grained sand to small 

pebbles, most frequently medium-grained sand. The lower contact of 

arkosic scour fill units is sharp and wavy. Internally, they are trough 

cross bedded on a large scale, up to several tens of feet wide and five 

feet deep.

Arkosic, trough cross-bedded sandstone facies are better sorted than
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Figure 7: Red and green shale, section 1 in bed 4. From S/2 N/2 sec. 10, 
T. 11 N., R. 70 W., Larimer County, Co.
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Figure 8: Arkosic scour fill, section 3 in bed 11. Note pebbles of
quartz and feldspar below 5.5” pencil near center of photo. 
From S/2 sec. 13, R. 70 W., T. 12 N., Laramie County, Wy.
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arkosic scour fill facies. Arkosic and feldspathic sandstones are 

medium to fine grained and trough cross bedded in sets averaging one 

foot thick (Fig. 9). Rounded carbonate skeletal fragments are present 

in amounts less than five percent. Hematite coats grains and colors the 

beds in shades of pink to maroon, often in irregular patterns that have 

no relation to bedding or other internal structures.

Units composed of rounded lumps of the purplish argillaceous lime 

mudstone facies have a matrix of maroon, very fine-grained sandstone and 

siltstone and are exposed beneath overhanging ledges and cliffs (Fig.

10). This unit is commonly only a few inches thick but in measured 

section 2 it occurs as a ten-foot thick bed (Plate 1, bed 5).

Fountain Facies Relationships

Fountain facies generally occur in fining-upward sequences (Fig.

11). The bulk of the Fountain Formation in the study area is the 

arkosic trough cross-bedded sandstone facies. Scour surfaces are 

common ; scours are overlain by the arkosic scour fill facies or by 

arkosic trough cross-bedded sandstone. In rare cases, a scour is filled 

with red siltstone (Appendix: Section 2 at 24 ft). Red and green 

siltsstones and shales gradationally overlie arkosic trough cross-bedded 

sandstones. Beds of purple argillaceous lime mudstone nodules encased 

in a matrix of red siltstone have gradational boundaries with the red 

and green shale facies and occasionally with the arkosic trough cross

bedded sandstone facies (Appendix: Section 2, 0-12 ft).
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Figure 9: Arkosic trough cross bedded sandstone, section 3 in bed 14.
From S/2 sec. 13, R. 70 W., T. 12 N., Laramie County, Wy.
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Figure 10: Purple argillaceous limestone nodules, section 2, in bed 5.
Note gradational change from mottled silty sandstone to 
nodules of argillaceous limestone in red siltstone matrix at 
level of hammer handle. From S/2 sec. 23, R. 70 W., T . 12 
N., Larimer County, Co.
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Figure 11: Fountain generalized facies relationships. A basal scour is 
filled with fining-upwards arkosic fill, which grades upwards 
to red siltstones or shales encasing purple argillaceous 
limestone nodules. Facies codes are as follows: rgsh- red
and green shales, sandy siltstones; atcs- arkosic and 
feldspathic trough cross bedded sandstone ; asf- arkosic 
scour fill; pal- nodules of purple, argillaceous lime 
mudstone in a matrix of red silty sandstone. Lithology 
symbols are on Plate 1.
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Ingleside Facies

The Ingleside in the study area comprises numerous interbeds of 

lime packstones and grainstones, arenaceous limestones, calcarenaceous 

sandstones, and fine- to medium-grained quartzose and feldspathic 

sandstones. Carbonate-rich rocks are well exposed throughout the study 

area, often capping ridges, while intervening sandstones are usually 

covered along ridges and exposed in canyons. Less than five percent 

feldspar occurs in sandstones above the transition zone, and feldspar is 

a rare accessory grain in packstones and grainstones. Hematite occurs in 

rounded lumps of clay, as coatings on grains, either equidimensional or 

localized, and as disseminated blebs throughout the rock. Calcium 

carbonate occurs as rounded grains of skeletal material, as cement, or 

as micritic peloids.

Sandstones

Ingleside Formation sandstones above the transition zone are 

quartzose, fine grained, and contain less than five percent feldspar. 

Calcium carbonate and hematite are important accessory minerals. 

Sandstones in the Ingleside transition zone are similar to the arkosic 

trough cross-bedded sandstone and arkosic scour fill facies of the 

Fountain Formation. Sandstone facies are characterized by trough cross 

bedding, planar laminations, or ripple laminations.

Trough cross bedded sandstones are fine to medium grained and are 

trough cross bedded in sets from one to four feet thick, sometimes with 

bimodal current directions. These units contain no large, whole marine
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fossils, but occasionally contain up to ten percent rounded peloids or 

carbonate skeletal fragments. Trough cross-bedded sandstone units are a 

uniform shade of red or orange. Bed thickness and sedimentary 

structures are consistent within the scale of an exposure.

Planar laminated sandstones contain 10 to 50 percent carbonate 

grains. Laminae in these sandstones average one-half inch thick and are 

composed of alternating quartz-rich and carbonate-rich layers (Fig. 12). 

Low-angle planar cross beds occur in sets up to five feet thick.

Ripple-laminated sandstones also have a high percentage of carbonate 

grains, from 25 to 50 percent. As the amount of carbonate grains mixed 

with the sand grains increases, ripple cross-bedded and wavy-bedded 

structures become more common (Fig. 13). Laminae are defined by 

carbonate-rich layers and sand-rich layers (Fig. 14).

Limestones

Ingleside Formation limestones fall naturally into several groups. 

Major types of lime packstones and grainstones can be differentiated by 

their varying amounts of quartz sand, peloids, and skeletal material 

(Table 1).

Arenaceous limestones contain approximately 50% sand and 50% 

peloids and/or skeletal material, and are commonly homogeneous, showing 

evidence of burrowing. Carbonate grains are most often homogenous 

micrite. Less commonly, they are rounded fragments of a diverse fauna 

including echinoids, brachiopods, bryozoans, gastropods, fusulinids and 

possibly algae. The skeletal fragments are micritzed, bored, coated and
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Figure 12: Planar laminated sandstone, near section 3, correlates with 
section 3, bed 17, at approximately 630 ft. Resistant 
laminae have a higher percentage of carbonate grains. From 
NE/4 sec. 14, R. 70 W., T. 12 N., Laramie County, Wy.
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Figure 13: Ripple laminated sandstone, section 5 in bed 1. Note trough
shaped ripple cross beds below handlens scale. From SE/4 
sec. 12, R. 70 W., T. 14 N., Laramie County, Wy.
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Figure 14: Ripple-laminated sandstone, section 5, bed 13. Thin
section slab (1.5 in by 1 in). Alternating layers are 
rounded skeletal fragments and peloids (white) and fine 
grained sand. From SE/4 sec. 12, R. 70 W., T. 14 N ., Laramie 
County, Wy.
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SANDSTONES
pis—planar laminated sandstone»

occasionally with large scale, 
low angle cross beds 

rls-ripple laminated or cross 
bedded sandstone 

tes—trough cross bedded sandstone

LIMESTONES

pps- peloid packstone, with 
peloids and less than 3% 
quartz sand 

Ipps-laminated peloid packstone 
with less than 40% sand, 
peloids and minor skeletal 
material 

skps-skeletal-peloid packstone 
with up to 30% quartz sand 

kps- skeletal packstone, skeletal 
material with no sand 

Iss- arenaceous limestone, 50% 
sand and 50% peloids or 
skeletal material

MASSIVE/D0L0MITIZED CARBONATES

dis- arenaceous, laminated 
dolomite 

cm- massive, recrystallized 
calcium carbonate 

dm- massive, recrystallized 
dolomite

dp- mottled dolomite in a matrix 
of limestone

Table 1: Summary of Ingleside Formation facies. Facies codes are used on 
Plate 1 and Figure 22.
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encrusted to varying degrees.

Skeletal-peloid packstones contain ten to 30% sand, 20% peloids, 

and diverse pieces of skeletal material, including echinoderms, 

brachiopods, bryozoans, and fusulinids (Fig. 15). These units are 

sometimes laminated or cross bedded in sets less than one foot thick.

Laminated peloid packstones (Fig. 16) have less than 40 percent 

quartz sand, interlaminated with peloids and minor skeletal material. 

Laminations average one-quarter inch thick, and are wavy or flat in beds 

several feet thick.

Skeletal packstones or grainstones (Fig. 17) contain less than ten 

percent sand, often no sand at all. Fragments of echinoderms, fusulinids, 

foraminifera, brachiopods, bryozoans, gastropods, and possible algae are 

rounded and commonly have oolitic or radial fibrous calcite coatings.

It is laminated thinly or in layers up to a few inches thick. Skeletal 

pieces are often micritized, and this rock often has a high proportion 

of micritic mud.

Peloid packstones (Fig. 18) contain peloids and minor accessory 

constituents and have less than three percent sand. Fauna may include 

up to ten percent echinoderms, commonly abraded, dissolved, encrusted, 

or bored. Ostracods compose at most only a few percent of the rock. 

Calcispheres are present in some peloid packstones in quantities around 

ten percent and occasionally are more abundant. Peloid packstones are 

faintly laminated or structureless. Homogeneous mudstone areas may be 

present.
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Figure 15: Skeletal-peloid packstone, section 4, bed 24. Scale bar near 
base of photo is approximately 1000 microns. Crossed nicols. 
Sample contains skeletal fragments (echinoderm fragment with 
syntaxial rim cement near scale bar), and 20 percent medium- 
grained quartz sand (shades of grey and black). From center 
of N/2 sec. 8, T. 13 N., R. 69 W., Laramie County, Wy.
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Figure 16: Laminated peloid packstone, from bed 4 in section 3. Scale 
bar near lower left of photo is approximately 600 microns. 
Peloids and skeletal material laminated with fine- and very 
fine-grained quartz sand. Porosity (black) approx. 10 
percent. Crossed nicols. From S/2 sec. 14, R. 70 W., T. 12 
N ., Laramie County, Wy.
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Figure 17: Skeletal packstone, from bed 24 in section 3. Crossed 
nicols. Scale bar at lower left is approximately 250 
microns. Skeletal fragments, mostly foraminiferal. Note 
radial-fibrous oolitic coatings on grains (near center of 
photo) and extent of micritization of most grains. From SE/4 
sec. 14, R. 70 W., T. 12 N., Laramie County, Wy.
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Figure 18: Peloid packstone in plane light. Scale bar is 250 microns.
From section 3, bed 5, in S/2 sec. 14, R. 70 W., T. 12 N ., 
Laramie County, Wy.
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Dolomites and Recrystallized Limestones

Dolomites are numerous in the upper division of the Ingleside and 

occur in sections 2 and 3 in the middle division of the Ingleside (Plate 

1). They occur as laminated arenaceous dolomites or in thick beds with 

euhedral crystals. The upper arenaceous dolomite layers are the most 

continuous of any in the Ingleside, and are the most easily correlated 

from one section to the next. Arenaceous dolomites are interlaminated 

with fine-grained sand in planar or rippled layers. Star- and lath

shaped impressions on some bedding surfaces are probable remnants of 

evaporitic minerals.

Some dolomitic mudstones are wavy layered, perhaps stromatolitical- 

ly (Fig. 19). Red silt and clay forms the siliciclastic layers in 

these dolomites.

Massive dolomites and recrystallized limestones occur in beds up to 

several feet thick. These units contain varying amounts of crystalline 

calcium carbonate and magnesium carbonate. Calcium carbonate occurs as 

pseudomorphs after euhedral dolomite (probable dedolomite) or as 

anhedral to euhedral crystalline carbonate. Distribution of dolomite 

varies from recognizable burrow fillings to areas of euhedral growth 

only a few crystals across, to pods of dolomite or calcite distributed 

through the bed in sizes ranging from four inches to several feet 

across.

Chert Nodules

Brown, spongy-walled, egg-shaped chert nodules (Fig. 20) occur in
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Figure 19: Laminated dolomite, of probable stromatolitic (algal) origin. 
From section 2, bed 26, S/2 sec. 23, R. 70 W ., T. 12 N., 
Larimer County, Co.
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Figure 20: Chert nodule. Film can in lower right of photo for scale.
Note brown, spongy exterior and hollow interior. From 
section 5, bed 12, SE/4 sec. 12, R. 70 W., T. 14 N., Laramie 
County, Wy.
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skeletal lime packstones that contain less than 40 percent sand. The 

nodules are not solid silica but are filled with the same types of 

grains that occur on the exterior. They range in size from one inch to 

as much as two feet across, and are distributed evenly throughout

thickly bedded lime packstone units (Fig. 21).

Vertical Facies Relationships : Ingleside Sequences

Vertical facies transitions in the Ingleside of the study area can 

be characterized by four typical facies sequences (Fig. 21). Ingleside 

Formation facies are grouped into sequences with respect to the location 

of abrupt lithology changes, gradational facies transitions, lateral 

relationships, and recurring patterns. Sequences begin and end at 

abrupt changes of lithology or internal structure. Where erosion or 

hiatus can be identified, a sequence boundary unconformity is noted on 

Plate 1. The four generalized types of sequences in the study area 

include transitions of sandstone to limestone, limestone to sandstone,

and sequences of constant lithology (sandstone or limestone) that vary

in sedimentary structures. Sequences that comprise a lithology 

transition maintain a constant lithology of calcarenaceous sandstone or 

arenaceous limestone in the lower third of the sequence, and grade 

(respectively) upwards to limestone or upwards to sandstone throughout 

the upper two thirds of the sequence (Fig. 21A, 21B). Sedimentary 

structures within sequences often follow a pattern of increasing size of 

cross bedding upwards from the base, and are occasionally capped with 

laminated or ripple-laminated sandy limestones or silty sandstones. The
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Figure 21: Distribution of brown spongy chert nodules. From section 3,
bed 20, S/2 sec. 14, R. 70 W ., T. 12 N., Laramie County, Wy.
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Figure 22: Ingleside sequences. Sequences have an average scale of 15 
feet, and range from zero to as much as 50 feet. The 
percentage of carbonate grains increases upwards in the 
sandstone to limestone sequence (A) and decreases upwards in 
the limestone to sandstone sequence (B). See Tables 1 and 2 
for facies codes and Plate 1 for lithology symbols.
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FLUVIAL SILICICLASTICS

rgsh-red and green shales, sandy 
siltstones 

atcs-arkosic and feldspathic 
trough cross bedded sand 

asf- arkosic scour fill 
pal- purple argillaceous lime

mudstone nodules in a matrix 
of red siltstone

SANDSTONES

pls-planar laminated sandstone,
occasionally with large scale, 
low angle cross beds 

rls-ripple laminated or cross 
bedded sandstone 

tcs-trough cross bedded sandstone

LIMESTONES

pps- peloid packstone, with 
peloids and less than 3% 
quartz sand 

Ipps-laminated peloid packstone 
with less than 40% sand, 
peloids and minor skeletal 
material 

skps-skeletal-peloid packstone 
with up to 30% quartz sand 

kps- skeletal packstone, skeletal 
material with no sand 

Iss- arenaceous limestone, 50% 
sand and 50% peloids or 
skeletal material

MASSIVE/DOLOMITIZED CARBONATES

dis- arenaceous, laminated 
dolomite 

cm- massive, recrystallized 
calcium carbonate 

dm- massive, recrystallized 
dolomite

dp- mottled dolomite in a matrix 
of limestone

Table 2: Short descriptive summaries of facies types and facies symbols
used in Figures 11 and 21 and on Plate 1.
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most frequently occurring sequences in the area contain a high 

percentage of mixed-lithology rocks (Fig. 22A, 22B). These units grade 

upwards to more sandy or more calcarenaceous lithologies with about 

equal frequency. These sequences are idealized and may be missing some 

of the described features.

Sandstone to Limestone Sequences

Vertical transitions of sandstone upwards to limestone 

(Fig. 22A) generally begin with small- to medium-scale trough cross 

bedding, between six inches and two feet in height. The cross bedding 

increases in amplitude slightly in the lower third of the unit. Above 

this the size of the structures decreases to ripple cross bedding or 

wavy laminae. Interbedded with the ripple cross bedded or wavy bedded 

calcarenaceous sandstone are lenses and layers of peloid packstone. The 

lenses increase in frequency and thickness upwards and grade into 

skeletal grainstones and packstones (section 5, beds 3 and 4, Plate 1). 

Limestone to Sandstone Sequences

Calcarenaceous sandstone sequences that merge upward to more sandy 

lithologies generally have smaller cross bed sets than the sandstone to 

limestone sequences described above. Arenaceous limestones that are 

ripple or planar laminated at the base grade upwards to ripple cross 

bedded or wavy-bedded calcarenaceous sandstones in the lower portion of 

the unit. Above this, arenaceous limestones are interbedded with layers 

of very fine-grained, silty sandstone that increase in frequency and 

thickness upward (Fig. 22B; section 4, beds 3 and 4, Plate 1).
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Sandstone Sequences

Sequences that maintain a sandstone lithology (Fig. 22C) vary only 

slightly from the calcarenaceous sandstone sequences that grade to 

limestone. The basal portions are commonly trough cross bedded. The 

scale of troughs increases in the lower third of the sequence. Trough 

cross beds decrease in size and grade abruptly to wavy and ripple 

bedding in the upper third of the sequence. At the top of some of the 

thicker sequences, fine-grained sandstone is interbedded with lenses of 

arenaceous, laminated peloid packstone (section 2, bed 15, Plate 1). 

Limestone Sequences

Limestone sequences (Fig. 22D) show some important differences from 

sandstone sequences. Massive, thick beds that are sometimes very 

faintly laminated and often include chert nodules occur at the bases. 

These beds grade upwards to more thinly bedded and laminated skeletal 

packstones and grainstones, which occasionally include lenses of sandy 

laminated peloid packstone (section 5, beds 17 and 18, Plate 1). These 

sequences are occasionally capped by a wavy-bedded packstone that may 

have a pitted upper surface, with accumulations of red silt, showing 

some evidence of exposure on the upper surface.

Lateral Facies Relationships

Lateral relationships in the study area are hidden in places due to 

the discontinuity of the exposures. Lateral correlations were made with 

reference to key beds in the upper part of the section, by correlating 

sequence groups that conform to a recognizable pattern, and by
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establishing time lines within the strata by integrating published 

fusulinid data with the measured sections in this study (Fig. 23, Plate 

1). The datum for the stratigraphie diagram is the top of carbonate 

marker bed A in the south half of the study area, and the base of 

carbonate marker bed B in the northern half of the study area. To 

simplify the discussion, the Ingleside Formation of the study area is 

informally separated into lower, middle and upper divisions. The lower 

division includes the Ingleside-Fountain transition zone. The divisions 

are bounded by sequence-boundary unconformities that can be correlated 

across the study area.

The Fountain Formation, exposed in the lowermost portion of 

measured sections 1 and 2, contains scours, fining-upward arkosic fills, 

and shales (Fig. 23 and Plate 1). Section 1 displays up to 20 feet of 

topographic relief along the contact between the Precambrian and the 

Fountain Formation and has numerous thin scour and fill sequences (Plate 

1). The Fountain in the Boxelder Canyon section is poorly exposed and 

has many silty beds (Maughan and Wilson, 1963). North of section 2, the 

strata between the Precambrian rocks and the lowest Ingleside limestone 

are not exposed. The covered portions of the measured sections is 

called Fountain Formation. Section 4 has only 35 feet of covered 

interval between the Precambrian and the lowest exposed bed, which is a 

wavy-bedded quartzose sandstone and is included in the Ingleside 

Formation since it is identical to Ingleside sandstones that are higher 

in the section. A thick covered interval is again present at
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Figure 23: Stratigraphie cross section across the study area. Informal
divisions of the Ingleside used in this report : IU=upper 
Ingleside Formation, IM=middle Ingleside, IL=lower 
Ingleside, and IT=Ingleside transition zone. F=Fountain 
Formation. Locations and age of fusulinid data denoted by a 
small circle and a letter (eg. Do) which refers to the age 
of the sample as in Figures 1 and 3. Measured section 
locations are labeled as in Figure 1. Datum (starred 
horizon) is the highest continuously exposed 
dolomite/limestone bed. See also Plate 1.
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sections 5 and 6.

The lowermost Ingleside Formation in sections 1, 2, and 3 is a 

transition zone (Fig. 23). Sandy peloid packstones and sandy skeletal 

packstones are interbedded with typical Fountain Formation arkosic scour 

fill and arkosic, trough cross-bedded sandstone facies. The transition 

zone begins at the base of the stratigraphically lowest marine limestone 

and continues upward to the top of the stratigraphically highest 

feldspathic sandstone bed. Transition zone lithologies include skeletal 

packstones such as the ones containing coarse grained, angular quartz, 

some feldspar pebbles, and crinoidal and gastropoda! skeletal material 

(Fig. 24). The transition zone at Boxelder Canyon (Maughan and Wilson, 

1963) and at section 3 is much thicker than in the flanking sections. 

Both siliciclastic units and arenaceous limestones are thicker and 

contain higher percentages of carbonate particles. Towards the Duck 

Creek area, arenaceous limestones of section 3 thin and grade to 

calcarenaceous sandstones and planar-laminated sandstones. Between Duck 

Creek and section 3, the amount of feldspar in sandstone beds decreases 

to less than five percent. The lower Ingleside Formation in sections 4, 

5, and 6 is comprised of laminated fine-grained sandstones interbedded 

with calcarenaceous sandstones and skeletal-peloid packstones. Groups 

of sequences that are overall deepening-upward can be correlated between 

sections 4, 5, and 6 (Plate 1). From Duck Creek to section 4 the lower 

Ingleside thickens slightly where planar-laminated sandstones are 

interbedded with skeletal and peloid packstones. At section 5 the lower
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Figure 24: Ingleside transitional lithology. Bedding plane surface with 
pebbles of quartz, feldspar, rock fragments, and 
skeletal fragments, including an articulated crinoid stem 
near center of photo. South of section 3, correlates with 
section 3, bed 2. From NW/4 sec. 23, R. 70 W., T. 12 N., 
Larimer County, Co.
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Ingleside is again thinner and contains a higher proportion of sand in 

the beds between limestones. Section 6 is thinner still, and is composed 

of peloid packstones interbedded with very fine-grained, sandy to silty, 

red siliciclastic layers. Siliciclastic interbeds become increasingly 

fine upwards in the lower portion of section 6. The lower Ingleside 

exhibits lateral lithologie changes and significant thickness variations 

over short distances, especially in the southern portion of the study 

area. Sequences are numerous, thin, and laterally discontinuous.

The boundary between the lower and middle Ingleside divisions is an 

unconformity above a limestone bed that can be correlated throughout the 

study area. The unconformity marks a sharp litholgic change. In section 

1, dissolution and replacement of skeletal fragments increases towards 

the top of the limestone bed.

The middle Ingleside (Fig. 23) in measured sections 1, 2, and 3 is 

mostly sandstone with fewer interbeds of limestone, and is thus more 

poorly exposed. Several beds of massive and laminated arenaceous 

dolomite in sections 2 and 3 grade southward (Plate 1) into 

calcarenaceous sandstones ; these are laminated and ripple cross-bedded 

in the Boxelder Creek section (Maughan, 1963) and are wavy bedded or 

large scale trough cross-bedded in section 1. The dolomitic layers in 

section 2 and 3 thicken to peloid-skeletal packstones to the north. 

Between sections 3 and 4, several more limestone beds occur. Most of 

the middle Ingleside at Section 4 is comprised of beds of peloid 

packstone and skeletal packstone. Intervening sandstones have graded to
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more calcarenaceous units. The middle Ingleside again becomes sandier 

in sections 5 and 6 (Plate 1). The upper surface of the middle 

Ingleside is an abrupt contact, with a brecciated layer and crinoid 

plate lag at section 4, and arkosic scour fill above this horizon at 

section 5. The upper contact of the middle Ingleside is not exposed at 

section 6. Maughan (pers. comm., 1986) has bracketed this sharp contact 

with Wolfcampian fusulinids above and Virgilian fusulinids below (Plate 

1), and reports sandstone dikes penetrating the uppermost Virgilian 

beds to the south of the study area. He believes that this is a 

substantial disconformity. In the study area, several other possibly 

subaerially exposed horizons occur near the upper surface of the middle 

Ingleside in sections 4, 5, and 6.

In the upper Ingleside, poorly exposed sandstones at sections 2 and 

3 and at Duck Creek grade to a thick dolomite unit in section 4. This 

unit has several brecciated layers. In section 5, this horizon contains 

skeletal and peloid packstones at the base and is dolomitized towards 

the top. The beds below marker bed A are interbedded fine-grained 

sandstones and laminated dolomites, except at section 3, where skeletal 

packstones formed. Variations in thickness in the upper Ingleside 

correlate with those in the lower Ingleside although they are of lesser 

magnitude. Above marker bed A, interbedded arenaceous laminated 

dolomites and fine-grained sandstones vary only slightly in thickness 

throughout the extent of their exposure. Thin areas again correlate 

with thin lower Ingleside sections.
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Facies Interpretations

The Fountain Formation facies ; red and green shales, arkosic trough 

cross-bedded sandstones, arkosic scour fills, and purple argillaceous 

limestone nodules, occur primarily in the basal parts of sections 1, 2, 

and 3, in the southern portion of the area. Arkosic scour fill and 

arkosic trough cross-bedded sandstone also occur in two areas in the 

Ingleside Formation in sections 5 and 6 (Plate 1). Interbedded red and 

green shales, broad scours with basal arkosic conglomerates and filled 

with small- to medium-scale trough cross-bedded arkosic sands are 

interpreted to be the result of a sandy fluvial system (Walker and Cant, 

1984) draining the highlands to the southwest. Trough cross beds 

filling the scours are the second stage in a waning flow sequence. Red 

and green shales are vertical accretion deposits on a flood plain or are 

the last stage of fill of an abandoned section of channel. Schutter and 

Heckel (1985), in a study of Missourian paleosols of Midcontinent North 

America, report development of "blocky mudstones", often with a red 

color, and postulate a seasonally wet-dry climate to create the 

conditions for the formation of these paleosols. The rounded nodules of 

argillaceous limestone in a matrix of maroon shale in the study area are 

interpreted to be some sort of soil formation or weathering process 

resulting from the exposure of limestones in the Ingleside transition 

zone (Fig. 23) to subaerial conditions, by comparisons of similarities 

with the paleosols reported by Schutter and Heckel (1985).

Ingleside Formation limestone sequences (Fig. 21) contain peloid
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packstones that include less than three percent quartz sand. The 

peloids are thoroughly micritized skeletal pieces (Bathurst, 1971) or 

are agglomerations of skeletal matter and carbonate mud. Some of the 

peloids are probably fecal in origin. In some peloid packstones the 

matrix texture is often dark and clotted, and even the peloids are 

barely discernible from the muddy matrix and sparse sparry cement in 

some cases. Accessory constituents include ostracods, gastropods, and 

echinoderm fragments, all in quantities of less than three percent.

These rocks rarely show internal bedding features, and often contain 

nodules of chert. Micrite that replaces skeletal matter is probably 

filling algal borings (Bathurst, 1971). The peloid packstones were 

deposited in shallow, quiet water (Plumley, et. al., 1962) where 

skeletal pieces were micritized and mud could filter into the sediment.

Skeletal packstones also contain less than three percent quartz 

sand. There are a few occurrences of grainstones, both skeletal 

fragment and oolitic, included in the skeletal packstone facies. The 

grains have varying degrees of micritic rims, and are rounded, well 

sorted fragments of echinoderms, fusulinids, brachiopods, bryozoans, and 

occasional gastropods and possible algae. Oolitic coatings formed 

around some pieces of skeletal material and quartz grains. Beds are 

laminated or cross bedded on a large scale, reflecting deposition in 

slightly agitated water (Plumley, et. al., 1962). Low amplitude 

variations in bed thickness were noted in the field.

Chert nodules occur most often in skeletal packstones that contain
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less than 40 percent sand, but they can occur in any limestone. Chert 

can also be found on bed surfaces and filling cracks near the upper 

surfaces of sequences, often where the spongy-walled hollow nodules are 

present (section 6, bed 1). Dapples (1979) reports that a siliceous 

crust associated with weathered surfaces commonly forms. High 

concentrations of dissolved silica have also been associated with 

evaporative tidal flat and sablcha environments. Knauth (1979) proposes 

that the meteoric water-sea water mixing zone is an area that is 

undersaturated with respect to calcite and aragonite and supersaturated 

with respect to silica. Many eustatic fluctuations of sea level 

(Heckel, 1986) would move the mixing zone through much of the sediments, 

as well as leaving many surfaces exposed. The existence of the hollow 

chert nodules is not suprising, then, but their nature is open to 

debate. Porosity and permeability are an important factor in 

localization of silica deposition (Knauth, 1979) suggesting that the 

nodules could be reated to inhomogeneities in the sediment such as 

burrows. Fossil replacement is also common, however, and the 

consisitency in shape and size of the nodules could result from 

replacement of sponges.

Limestone facies that contain substantial amounts of quartz sand ; 

the laminated peloid packstones, skeletal-peloid packstones, and 

calcarenaceous sandstones ; must have formed in an area close to a supply 

of both carbonate grains and quartz grains. The most logical source of 

detrital quartz for the Ingleside sandy limestones is reworked Fountain
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Formation sandstones. Butters (1913) showed that the Ingleside 

Formation grades into the Fountain south of Lyons, Colorado. Sandy 

fluvial systems, nearshore dunes, and beach sands (Maughan, 1978) could 

provide a supply of sand contemporaneous with generation of carbonate 

particles from skeletal material in marine waters. Laminated peloid 

packstones, skeletal-peloid packstones, and limy sandstones formed in 

the shoreface zone in slightly to moderately agitated water (Plumley, 

et. al., 1962). Ripple cross bedding, wavy bedding, and small scale 

trough cross bedding are generated from dominantly unidirectional 

currents (Reineck and Singh, 1980) such as tidal or wave currents.

These structures formed above the wave base. Laminae in these rocks are 

defined by alternating layers of carbonate and quartz grains. Laminae 

of alternating lithology formed in an area that had an inadequate supply 

of either quartz or carbonate particles to produce a sediment of pure 

lithology.

Planar-bedded and planar cross-bedded quartzose sandstones and 

calcarenaceous sandstones are interpreted to represent nearshore and 

beach deposition. Shoaling waves and wave swash dissipate energy and 

remove fines to produce the well sorted, laminated sandstone with low- 

angle cross beds characteristic of foreshore or beach deposition 

(Reineck and Singh, 1980). Calcarenaceous sandstones formed under 

similar conditions to those that formed the arenaceous limestones and 

similar facies. Rocks that contain approximately equal amounts of 

quartz and carbonate particles are occasionally homogeneous, indicating



they were near the sediment-water interface for sufficient time to 

permit burrowing organisms to destroy laminations. Sparry calcium 

carbonate-filled burrows are occasionally preserved in these sediments, 

often where planispiraled gastropods are present. Calcarenaceous 

sandstones were deposited and burrowed in the offshore zone.

Laminated dolomites are interlaminated with very fine-grained sand, 

and are interbedded with fine- or very fine-grained, thinly bedded or 

ripple cross bedded sandstones. The interbedded fine-grained sandstones 

and laminated dolomites are continuous throughout the study area. 

Discoidal and star-shaped gypsum or anhydrite crystal casts are 

preserved on some bedding surfaces. The sandstones and laminated 

dolomites are cross-stratified on a small scale. There are faint, low- 

amplitude (less than one-half inch) ripple laminations in the dolomites, 

and cross bed sets in the sandstones rarely exceed six inches in 

thickness. The diminished scale of sedimentary structures and the 

continuity and diminished variation in thickness of the interbedded 

sandstones and dolomites indicate that the depositional slope had 

lessened by this time. An interpetation of formation of these dolomites 

during early sabkha-type diagenesis is supported by indications of a 

hypersaline environment (Bathurst, 1971), the preseved laminations, the 

evaporite crystal molds, and the fine dolomite crystal size (Friedman 

and Sanders, 1967). Interlaminated sands indicate that these laminated 

dolomites were deposited near the strand line, and probably formed near 

there.
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The dolomites that occur as burrow fillings or as pods reflect 

dolomitizing conditions forming later in the diagenetic history than 

those which formed the laminated dolomites. The dolomite crytals in 

these beds are euhedral and larger than those in the laminated 

dolomites, giving the rock a sucrosic texture. Dolomitization in this 

case would have followed areas of greater porosity or permeability 

(Beales, 1953) in burrow fillings or pods of porous skeletal grainstone 

or packstone.



PALEOSTRUCTURE

The discontinuous nature of the lower Ingleside beds (Plate 1) 

arises from a depositional area that was structurally complex. The 

Front Range highlands to the southwest contributed siliciclastic 

sediment and served as the center for fault-bounded blocks around the 

main uplift. Later, in the Wolfcampian, elements of the 

transcontintental arch served to further restrict circulation.

Evidence for the existence of faults in the study area is primarily 

stratigraphie. Large differences exist in the thickness of the lower 

Ingleside and Fountain Formations in measured sections 1 through 4 (Fig. 

25). Sections 2 and 3 are only one mile apart, yet the sediments of the 

transition zone are very different between the two sections. Arkosic 

trough cross-bedded sandstones and arkosic scour fills are present in 

the stratigraphically lowest portions of section 2. In section 3, these 

lithologies are interbedded with arenaceous limestones. Fluvial arkoses 

of section 2 grade laterally to the north to the interbedded arenaceous 

limestones and feldspathic sandstones in the Ingleside Formation 

transition zone of section 3 (Fig. 26).

To the south and north of section 2, the Ingleside transition zone 

thickens. Similarly, between section 1 and the Boxelder Canyon section 

(Maughan and Ahlbrandt, 1978) the Ingleside transition zone of 

interbedded feldspathic sandstones and arenaceous limestones becomes 

much thicker to the north towards Boxelder Canyon.

An interpretation of facies changes and thickness differences
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Figure 25: Thickness differences and locations of faults and fault- 
bounded blocks in the study area. Measured sections are 
labeled 1-4, BEC=Boxelder Creek (after Maughan and Ahlbrandt, 
1978), DC=Duck Creek (after Maughan and Ahlbrandt, 1978). 
Datum is top of lower portion of Ingleside Formation.
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Figure 26: Generalized paleogeographic map for the Desmoinesian, at the 
level of time line 1 (Tl) on Plate 1. Section locations are 
labeled as in Figure 1, lithologies as on Plate 1.
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localized by faults is further supported by recent geomorphic evidence. 

The discontinuities in the thicknesses of the measured sections 

correlate with very linear stream channels and their canyons in the 

otherwise unbroken ridge composed of lower Ingleside limestones. In 

several cases, Laramide movement on the blocks has been reversed 

relative to what it must have been in the Permo-Pennsylvanian.

The fault between section 4 and the Duck Creek section is inferred 

from sudden changes in the dip of the Ingleside Formation as drape 

folding over basement blocks that have undergone recurrent movement 

(Berman, 1978). The Duck Creek section also has fewer limestones in the 

lower division of the Ingleside than either section 3 or section 4 

(Plate 1). The limestone beds grade to sand as they approach the fault 

zone. The downthrown northern side of the fault has greater numbers and 

and thicknesses of limestones. Thickness differences in the Fountain 

Formation, however, indicate that this fault was downthrown on the 

southern side during Fountain deposition.

To the north, outcrops are not so continuous, but thickness 

differences still are apparent. Measured sections 5 and 6 are 

anomalously thin, compared both with the sections to the south, in this 

study (Plate 1), and with sections a few miles to the north where 

Maughan (pers. comm. 1986) reports thick limestones again. 

Paleostructure is indicated by the thinness of sections 5 and 6. These 

two sections are presently structurally distinct from areas to the north 

and south. They dip at near-vertical angles, while sections to the
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south have dips of 12 degrees, and exposures to the north are nearly 

flat-lying. The structural continuity between sections 5 and 6, 

compared with neighboring areas, supports the interpretation of a fault- 

bounded block in the extreme northern end of the study area (Plate 1), 

that has been reactivated during Tertiary tectonic events.

The upper division of the Ingleside (Plate 1) shows much less 

dramatic effects of paleostructure. Section 3 is slightly thicker than 

section 2, and some of the dolomites in section 2 grade to skeletal 

packstones in section 3, possibly reflecting a subtle elevation change 

that affected the path of dolomitizing solutions. The upper portion of 

the Boxelder Canyon section (Maughan and Ahlbrandt, 1978) is also 

thicker than neighboring sections indicating deposition in a low area. 

Lateral facies changes help define block geometry. In the Ingleside 

transition zone, sequences of arkosic scour fills and arkosic trough 

cross-bedded sandstones that grade upwards to arenaceous limestones in 

section 3 grade laterally to the south to siliciclastic sequences in 

section 2. From section 5 to section 6, sandstone-to-limestone

sequences become thinner and contain a greater proportion of red

siltstone (Plate 1). Continuity of beds between sections 2 and 3 and

localized facies changes in both the upper and lower portions of the

section lead to the conclusion that these two sections were deposited on 

the same block. The lower edge of a block would be inundated sooner, 

and for a longer time, than the higher edge of a block during incursions 

of the sea. This would allow limestones to form in a greater number,
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and become thicker, on the lower edge of a block. The differences in 

sections 2 and 3 illustrate this, especially in the transition zone of 

the lower Ingleside, and between beds 20 through 25 in section 2, and 

beds 20 through 24 in section 3 (Plate 1). Similarly, sequences can be 

correlated between sections 5 and 6, but are thicker and freer of fine 

siliciclastic material in section 5. Section 5 must have been on the 

lower edge of a tilted block, and section 6 on the higher egde.

The abundance of laminated and massive dolomites interbedded with 

very fine-grained sandstones in the upper Ingleside in this area is 

indicative of more restricted conditions and a lower influx of immature 

siliciclastic material. Elements of the Transcontinental Arch, the 

Morrill County high and the Wattenberg high (Fig. 5) may have served to 

restrict circulation with the sea to the southeast (Sonnenberg and 

Weimer, 1981) and perpetuate restricted, evaporative conditions in the 

study area during the Wolfcampian.

The locations of faults, thickness changes, and facies changes in 

the study area define block edges. From this evidence, the structural 

style that affected deposition from the Desmoinesian into the 

Wolfcampian was large basement blocks bordered by vertical faults 

subparallel to the Ancestral Front range uplift. Blocks are tilted in 

steps away from the uplift (Fig. 25). Sections 2 and 3 are on the same 

block, and its lower end to the north was an area where the Fountain and 

Ingleside Formations interfingered in the Desmoinesian. Section 1 was 

deposited on a paleohigh separated from the Boxelder Canyon area by a
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fault. Sections 5 and 6 were also deposited on a tilted, uplifted block 

since they are thinner than sections to the north and south.

Sonnenberg (1985) presents seismic evidence that this structural 

style persists in the Denver basin to the north of the study area, where 

a seismic line southeast of the Hartville uplift shows tilted basement 

blocks bounded by near-vertical faults. These faults affect sediments 

below the Permian Goose Egg Formation. The scale of the blocks, a few 

miles across, is similar to those in the study area.
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REGIONAL CORRELATIONS

Many authors have studied the Ingleside and equivalent horizons, 

both in detail and in regional aspects. A survey of studies in the 

region lends clarity to mechanisms proposed for generation of the 

Ingleside in the study area.

Heckel (1977) delineated Middle to Late Pennsylvanian basin 

geography of the epicontinental sea and feels that during maximum marine 

advance the sea extended from the Ancestral Front Range in Colorado, 

across Kansas, through much of the midwest to near the Appalachian 

mountains. He supports the eustatic sea level variation theory of 

generation of cyclic sequences along the eastern shelf of the large 

Midcontinent basin. He found at least 55 cycles in the mid-Desmoinesian 

to mid-Virgilian outcrop in Iowa and Kansas (Heckel, 1986). Momper 

(1966) comments that deposition in Kansas must have been much more 

continuous than on the western edge of the present Denver basin. The 

seas that flooded Kansas for much of the Pennsylvanian and Permian 

inundated the Denver Basin area only during sea level maxima (Momper, 

1966). This left the sediments that were deposited during the maximum 

transgressions exposed during much of the 40 millon years of the 

Pennsylvanian. Belts of erosion and deposition moved periodically 

across the basin edges (Momper, 1966). The study area was the site of 

this oscillating shore zone during Desmoinsesian through early 

Wolfcampian time and received sediments only during the highest sea- 

level stands. Each sediment package would have to be bounded by
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unconformities. Commonly, only a portion of each transgressive- 

regressive cycle would be preserved, and many cycles may have been 

completely eroded.

Maughan and Ahlbrandt (1978) and Maughan and Wilson (1963) 

postulate a major unconformity between the uppermost Virgilian 

sediments and the lowermost Wolfcampian ones. In the study area, this 

unconformity is marked by evidence of subaerial exposure and fossil 

lags (Plate 1). Many other discontinuities in the section are marked by 

similar brecciated or weathered zones. Work of regional authors 

(Heckel, 1977; Momper, 1966) implies that the study area was very high 

on the shelf, leaving it intermittently exposed.

Napp (1985) studied both outcrop and subsurface data to the south 

of the area detailed in this study. In the subsurface, he finds a 

higher proportion of carbonates to sandstones than on the surface, and 

the carbonates are rich in evaporitic minerals and dolomite. He states 

that the Fountain alluvial plain sediments dominated deposition in this 

area through Missourian time, and carbonate deposition did not occur 

until Virgilian and Wolfcampian time. He interprets the abundance of 

dolomites and evaporites in the subsurface to reflect hypersaline 

conditions over much of the shelf, and deposition of sandstones and 

normal marine limestones in the area of the present day outcrop to 

reflect freshening of these conditions by the influx of water and 

sediment from the Fountain fan deltas. The situation is most likely 

more complex, and the occurrence of limestone on the surface and
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dolomite in the subsurface may reflect the location of Napp's study area 

as much as the depositional conditions.

Momper (1963) supports a normal marine origin for the carbonates in 

the subsurface near the Colorado-Wyoming outcrop and supports his 

conclusions with well data. In the area of the present study, peloid 

and skeletal packstones occur even in the northernmost outcrops (those 

furthest offshore) and massive carbonates, dolomites and occasional 

breccias similar to those Napp (1985) describes from the subsurface 

samples occur in the uppermost (Wolfcampian) portions of the outcrop 

sections in this study. Several instances of possible dedolomitization 

occur in these outcrop samples, as well as samples at all stages of 

displacive dolomite crystal growth. Distribution of dolomite in the 

study area reflects the path of dolomitizing solutions in the diagenetic 

environment as well as conditions in the depositional environment, since 

many of the dolomite beds are interlaminated with sand and formed near 

the shore zone, and other beds are the result of diagenetic 

dolomitization of normal marine, burrowed lime packstones.

Berman (1978) studied the outcrop area that Napp (1985) did, also 

encompassing the Owl Canyon area. He reports four cycles of 

sedimentation in the area, each beginning with a large-scale cross 

stratified quartz sandstone unit grading upward to limy sandstones and 

limestones, terminating at an abrupt upper boundary, often weathered or 

karsted, similar to the sharp upper boundaries of limestone sequences in 

the study area. Berman draws a connection between paleostructure and
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sedimentation. The carbonate beds thin both north and south in his 

study area, but he states that they thicken abruptly just north of the 

Livermore reentrant (Berman, 1978). He interprets the Livermore 

reentrant as a complex of basement fault blocks, with the Paleozoic 

sediments drape-folded over the block edges. This structural style 

persists in the study area.

Sonnenberg and Weimer (1981) also mention the possibility of a 

post-Virgilian unconformity, citing the evidence of large thickness 

variations in this series. The uppermost Virgilian beds in the study 

area between Boxelder Canyon and section 2 are probably truncated 

against this unconformity.
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DEPOSITION FROM A CARBONATE-CLASTIC SYSTEM 

The Ingleside Formation in the study area is composed mostly of 

calcarenaceous and quartzose units interbedded on various scales. The 

different types of sequences discussed previously are the result of 

intrabasinal generation of carbonate material in close proximity to 

dispersal of extrabasinal terrigenous clastic material. The elements of 

the carbonate-clastic system include a supply of terrigenous elastics 

from the highlands to the southwest, and a supply of carbonate grains 

from the skeletons and activities of echinoderms, mollusks, gastropods, 

and foraminifera. Sea level changes, wave and tidal energy, and 

tectonic activity affected depositional conditions.

Vertical facies transitions are the result of the action of the 

carbonate-clastic system through time. The limestone-to-sandstone 

sequence shows increasing influx of terrigenous siliciclastics into a 

carbonate-producing area. At the base of this sequence, deposition of 

approximately equal amounts of carbonate grains and sand grains in the 

area gradually gives way to deposition of increasing amounts of finer 

and finer grained clastic sediment. The increasing amounts of fine

grained material inhibit production of carbonate material by increasing 

turbidity (Wilson, 1975). Although the sequence is idealized (Fig.

22B), the pattern of arenaceous limestones or calcarenaceous sandstones 

that grade upward to more arenaceous lithologies is common (Appendix and 

Plate 1: section 4, beds 15 and 16, beds 29 and 30, section 5, bed 21). 

Sequences that grade from sandstone to limestone show a decrease in
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the influx of siliciclastic material and a consequent increase in the 

percentage of carbonate grains. This transition of sandstone-to- 

limestone is common in the study area (section 3, beds 8 and 9; section 

5, beds 1 and 2, beds 3 and 4, beds 10 and 11) and is the only 

transition in the Owl Canyon area (Berman, 1978; Fredrickson, 1978).

Selley (1967), in a study of Miocene nearshore sediments of mixed 

lithology in the Sirte basin of Libya, utilized paleocurrent data to 

show that the mixed lithologies are a result of reworking of detrital 

lime particles from the offshore zone, and fluvial sands from the Sahara 

Shield, in an estuarine environment. Mixed lithology sediments are 

forming today on the continental margin of the eastern United States 

(Milliman, 1972) where carbonate sediments that were deposited on the 

shelf during the last low stand of sea level are being reworked and 

diluted with recent fluvial sands. In the Salt River estuary, St.

Croix, there is contemporaneous generation and mixing of carbonate 

skeletal material with an influx of clastic sediments, although the 

hydrodynamics of the estuary prevent much mixing of sediments larger 

than silt-size (Gerhard, 1978). The mixed lithologies of the Ingleside 

in the study area probably result from both reworking of sediments 

during relative sea level fluctuations and by mixing of lithologies in 

the tidal zone.

Sea level variations during the Permo-Pennsylvanian have been 

proposed to explain cyclic variations on the eastern edge of the 

midcontinent epeiric sea (Heckel, 1986) and it seems reasonable to
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assume that sea level variations were an important factor controlling 

deposition of the western edge of that sea. Variations in clastic 

supply to the study area are at least partly attributable to variations 

in sea level. A relative sea level low lowers base level, causing 

entrenchment, erosion, and increased clastic supply to the shoreline 

area (Weimer, Porter and Land, 1985). The limestone-to-sandstone 

sequence (Fig. 22B) formed as a relative lowering of sea level brought 

increasing amounts of siliciclastic material to the area. Fluvial systems 

•carrying the siliciclastic grains probably also altered the salinity 

with an increase in the flow of fresh water to the carbonate-producing 

shelf. Along with increased turbidity, fresh water would negatively 

influence generation of carbonate grains in the upper portion of a 

limestone-to-sandstone transition.

A relative sea level rise would have the opposite effect on clastic 

sediment supply, raising base level and causing detrital sediment to 

aggrade in the fluvial environment (Weimer, Porter, and Land, 1985).

The sandstone-to-limestone sequence (Fig. 22A) is a result of relative 

sea level rise that traps clastic deposition landward and allows sand- 

free normal marine limestones to form in an environment of stable 

salinity and low turbidity.

Numerous unconformities in the Ingleside section are indicated by 

breccias, weathered surfaces, mudcracks, growth of chert on bed 

surfaces, fossil lags, and lime mudstone nodules in red siltstone. As 

the shoreline retreated to positions nearer the center of the basin
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during sea level lowstands, the sediments in the study area were exposed 

to weathering and erosion. Records of a complete transgressive- 

regressive cycle of sea level change are rare in the study area. Many 

limestones have exposure features or sharp upper contacts, indicative of 

erosion or exposure.

Paleostructure localized effects of relative sea level changes and 

lateral facies variations correlate closely with fault zones and block 

edges. Interbedding of fluvial arkoses and sandy skeletal packstones in 

the lower portion of section 3, for example, illustrate movement of the 

shoreline zone in and out of the area, while variations in the clastic 

sediments deposited in the lower part of section 2 may relate to channel 

switching, tectonic movement, or variations in base level. Thinning and 

lateral facies changes farther up in the middle and upper Ingleside in 

the same two sections show effects of paleotopography, though reduced.
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PETROLEUM POTENTIAL

The Ingleside and its time equivalent rocks in the subsurface of 

the northern Denver basin have much untapped potential. The density of 

wells in the Denver basin to the stratigraphie level of Paleozoic rocks 

is approximately one well per 500 square miles (Sonnenberg and Weimer, 

1981). Permo-Pennsylvanian production has been established in several 

spots. The Permian Lyons Formation produces oil near Fort Collins, Co. 

and production from Pennsylvanian carbonates and interbedded sandstones 

has been established in the Nebraska panhandle. Data from this study 

and published subsurface work is combined to delineate exploration 

avenues for oil and gas in Ingleside-equivalent rocks in the northern 

Denver basin.

Possible reservoir rocks exist in several contexts. The most 

promising are the Wolfcampian rocks which are interbedded arenaceous and 

massive dolomites and carbonates and fine grained, well rounded quartz 

sandstones near the outcrop in the study area. This facies group most 

likely trends into the subsurface to the southeast, following the facies 

belts proposed by Momper (1963). Missourian and Virgilian skeletal and 

oolitic packstones and grainstones also occur on the outcrop and their 

existence as a reservoir rock in the Denver basin has been postulated by 

other writers (Fredrickson, 1978; Momper, 1963) and has been 

demonstrated in western Nebraska (Wilson, 1978). Wilson also comments 

on the importance of dolomitization in the creation of reservoir quality 

porosity. Dolomitization is also a major factor on the western edge of
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the basin (Napp, 1985 ; this study).

The occurrence of source rocks is well documented in the northern 

Denver basin, again on the eastern side in western Nebraska. Black and 

gray shales occur in the Desmoinesian there which have been analyzed to 

have up to 2500 ppm extractable hydrocarbons (Wilson, 1978). Rich dark 

shales also occur in the Missourian, Virgilian and Wolfcampian strata. 

Malek-Aslani (1980) builds a case for the serious consideration of 

sabkha and lagoonal rocks deposited in carbonate-evaporite basins as 

source rocks, and the center of the basin was a location of evaporite 

deposition during much of the upper Pennsylvanian and lower Permian 

(Momper, 1963; Sonnenberg and Weimer, 1981) especially north of the 

Morrill County and Wattenberg highs (Fig. 5). Berman (1978) proposes 

the Satanka Formation as a possible source for oil produced from the 

Lyons Formation near Fort Collins, Co.

The Satanka could also source reservoir units in the Ingleside. 

Internal sourcing is also possible. In this study, thin sections from 

outcrop carbonate samples often contain abundant skeletal material, and 

a common lithology is a dark, clotted, peloid-rich rock that probably 

formed in a lagoon or other area of restricted circulation, where there 

is high potential preservation of organic matter.

The Desmoinesian source rocks in western Nebraska were found to be 

marginally mature to mature by Clayton and Ryder (1984). They reported 

that the Permo-Pennsylvanian oils produced in the northern Denver basin 

and the Powder River basin correlate well with the source rocks found in
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those areas, and discount the theory that the Paleozoic oils in these 

two basins has migrated from the western Wyoming Phosphoria Formation.

Traps for petroleum accumulations in the area could be both 

structural and stratigraphie. The block faulted style that affected 

deposition in the study area also continues into the basin (Sonnenberg 

and Weimer, 1981 ; Sonnenberg, 1981). Faulting could place Satanka or 

Ingleside source beds in contact with reservoir rocks, and charge the 

reservoir against another block acting as a seal. The discontinuous 

nature of the Ingleside shoreline facies along the western edge of the 

basin could form many small stratigraphie traps, sourced by fault 

contact or vertical migration. Stratigrapic traps are also associated 

with faults, as facies changes and dolomite fabric changes are localized 

near fault zones (Plate 1) and these porosity zones grade laterally into 

shaly sands to the south and tight carbonates to the north. The silty 

and shaly Satanka Formation could provide a seal over the entire unit.
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CONCLUSIONS

Facies changes in the Ingleside Formation are the result of both 

tectonic influence and relative sea level changes. Fluvial, nearshore 

and marine sediments interfinger in the study area. The Fountain 

Formation exposed in the southern half of the study area is composed of 

arkosic scour fills and arkosic trough cross-bedded sandstones and is of 

probable braided stream origin. The Ingleside-Fountain transition zone, 

also exposed in the southern half of the area, is part of the lower 

Ingleside, and is composed of interbedded arkosic and feldspathic 

sandstones and skeletal lime packstones. The lower Ingleside in the 

northern portion of the study area is interbedded quartzose sandstones 

and arenaceous skeletal packstones. It formed where tidal and perhaps 

wave energies mixed sands delivered by fluvial systems draining the 

highlands to the southwest with carbonate grains produced on a shallow 

marine shelf. The middle Ingleside is richer in quartz sand, with 

thicker sandstones and a higher proportion of arenaceous limestones to 

sand-free limestones. Limestones increase in thickness and number to 

the north. Greater sand supply to the area may be related to a lower 

average sea level. The top of the middle Ingleside correlates with the 

Virgilian-Wolfcampian unconformity recognized on the Front Range and 

Laramie Range outcrops and in the northern Denver basin (Maughan and 

Ahlbrandt, 1978). The upper Ingleside contains progressively more 

arenaceous, laminated dolomites and fine-grained sandstones upward, due 

to the increasing restriction of the area by elements of the
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Transcontinental arch (Sonnenberg and Weimer, 1981) and a reduced 

depositional slope in the area. Limestones again increase in thickness 

and number to the north.

The Ingleside in the study area formed in various nearshore 

environments under the influence of a fluctuating sea level that often 

left sediments exposed to erosion and weathering.
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APPENDIX: MEASURED SECTIONS

Section 1 Location: South half of north half of sections 10 and 11,
T. 11 N., R. 70 W., Larimer County, Colorado.

Bed # Total Bed Description
Thickness Thickness

31 543 2 Pale pink, medium grained , moderately
well sorted, calcarenaceous quartz 
sandstone. Upper contact mudcracked. 
Sample 10/28/B

30 541 5 Fine grained, very well rounded, pink
quartz sandstone, poorly cemented.
Becomes more calcite rich at top. Bed 
boundaries irregularly wavy.

536 17 Covered

29 519 4 Finely crystalline, very pale pink
dolomitic mudstone. Some millimeter size 
vugular porosity. Lower contact not well 
exposed. Sample 7/26/86/E

28 515 6 Pink, fine grained, rounded quartz
sandstone in beds 2" thick, hematite and 
calcite cement. Individual beds 
internally cross bedded. Paleocurrent ESE 
to SE. Lower contact not well exposed.

27 509 5 Pale pink, medium to finely crystalline,
recrystallized lime mudstone.

503 32 covered

26 472 6 Buff colored, finely recrystallized, lime
mudstone/wackestone, not well exposed 
towards top. Sample 7/26/86/D

25 466 7 Pale pink, finely crystalline dolomitic
mudstone. Sample 7/26/86/C

24 459 12 Pale pink to pink crystalline carbonate 
interbedded with recrystallized lime
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23 447 7

22 440 16

424 30

21 394 13

381 7

20 374 40

334 35

19 299 10

289 35

18 254 10

244 19

17 225 13

mudstone, medium crystalline, and 
dolomitic wackestone, finely to 
microcrystalline. Lower contact not well 
exposed.

Red, medium crystalline, sandy in places, 
dolomitic mudstone. Lower contact 
gradational over 2-3'. Sample 10/28/A

Salmon colored, fine grained, subrounded 
to subangular, thinly laminated quartz 
sandstone. Breaks into one to two inch 
beds, some layers are defined by rounded, 
medium grained carbonate grains.

covered

Completely recrystallized, medium 
crystalline, lime mudstone. Has isolated, 
sparse lenses of sand at base, becoming 
sandy at top. Sample 7/26/86/B

covered

Salmon colored, planar? cross bedded in 
sets one to several feet thick, medium 
grained, well rounded quartz sandstone, 
with hematite and calcite cement.

covered

Pink, fine grained, rounded, 
calcarenaceous quartz
sandstone with lenses of shell hash. Bed 
boundaries are slightly wavy, beds are 
two inches thick. Sample 10/24/A

covered

White to red, fine grained quartz 
sandstone, not well exposed, trough? 
cross bedded.

covered

Red, fine grained, rounded quartz 
sandstone with 2% dark, medium sized 
grains, 5% feldspar, and calcite and
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212 7

16 205 8

15 197 8

14 189 0-1

13 188 3-5

183 15

12 168 1

167 3

11 164 1

163 6

10 157 1

156 3

hematite cements. Has slightly wavy 
planar laminations.

covered

Pink to dark red sandy lime packstone 
with replaced skeletal fragments 
increasing in abundance towared top, some 
accessory echinoderm and foram grains. 
Lower contact not exposed. Sample 10/25/B

Rounded, cobble sized clasts of grey, 
medium grained arkose in a matrix of red, 
pebble to very fine grained feldspathic 
sand. Fines upward at extreme top. Bed 
boundaries are slightly wavy, beds are 
subhorizontally bedded. Lower contact 
gradational?

Rounded clasts of grey, medium grained 
arkose in a red very fine grained sand 
matrix. Lower contact sharp, faintly 
rippled.

Red, planar to slightly concave cross 
bedded, very fine grained quartzose 
sandstone, with layers and pods of coarse 
grained to very coarse grained subangular 
to subrounded quartzose sandstone.
Pebble conglomerate above sharp base.

covered

Medium grained arkose. Large scale 
troughs?

covered

Coarse grained, conglomeratic, poorly 
sorted arkose.

covered

Very fine grained, well sorted quartzose 
sandstone.

covered
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9 153 2

151 1

8 150 5

145 5

7 140 3

6 137 2-12"

5 136 1

4 135 3

132 14

3 118 3

115 5

2 110 8-10

100 95

Sandy lime packstone, dark red, bivalve 
fossils. Sand decreases towards top and 
is concentrated in layers. Sample 
7/27/86/A.

covered

Coarse grained to fine grained, trough 
cross bedded, angular, arkosic 
conglomerate. Fines upward.

covered

Very fine grained, well rounded, white 
quartzose sandstone. Calcium carbonate 
cement, 2-3" beds with wavy boundaries, 
possible burrowing.

Green and red silts.

Red, fine grained sandstone in 2" beds 
with wavy boundaries. Purple calcium 
carbonate nodules surrounded by red fine 
grained sand and silt near center of bed. 
Coarse grained, arkosic conglomerate at 
base. Fines upward.

Red and green silts, with sparse purple 
calcium carbonate nodules. Grades 
laterally to medium grained to coarse 
grained cross stratified arkosic 
sandstones and fines graines planar cross 
laminated sandstones.

covered

Red, rounded-pebble, arkosic conglomerate 
with calcium carbonate cement and a few 
calcium carbonate nodules. Fines upward.

covered

Trough cross bedded, gray to pink, 
arkosic pebble conglomerate. Clasts are 
rounded, granitic. A few clasts are lime 
mudstone. Fines upward.

covered
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Arkosic pebble-cobble conglomerate, 
Silicified wood. Sample 10/25/A.

Granites, gneisses and schists.

Section 2 Location: South half of section 23, R. 70 W., T.
12 N., Larimer County, Colorado.

Bed # Total Bed Description
Thickness Thickness

32 628 1 Pink, wavy-layered, dolomitic mudstone.
Vugular porosity. Sample 10/18/A.

31 627 4 Red fissile shale, not well exposed.

30 623 10 Pink, laminated, finely crystalline
dolomitic mudstone, sandy in places. 
Sample 7/26/86/D.

29 613 10 Red, medium grained quartz sandstone with
coarse grained and medium grained 
carbonate (skeletal?) grains.

603 5 covered

28 598 6 Light buff, coarsely crystalline, mostly
dolomitic mudstone, silicified in places. 
Sample 10/17/F.

592 10 covered

27 582 6 Fine grained, subrounded to subangular,
well sorted quartzose sandstone with some 
calcium carbonate.

26 576 1 Stylolitized, greyish white and dark red
banded, wavy bedded, partly dolomitized 
lime mudstone. Quartz sand concentrated 
on surfaces of laminae. Sample 10/17/E.

25 575 4 Salmon to red, cross bedded in sets 2-6" 
thick, fine grained quartz sandstone with 
carbonate cement.
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24 571 20

23 551 12

22 539 15

21 524 16

20 508 4

504 13

19 491 3

18 488 49

439 90

17 349 2

347 24

16 323 20

Pale salmon, medium to coarsely 
crystalline, completely recrystallized 
dolomitic mudstone. Sample 10/17/D. 
Gradational contact with unit below, 
lower 3 ’.

Very fine grained, well sorted, 
subrounded, salmon colored sandstone, not 
well cemented, laminated about 1/4" 
thick, cross bedded, laminae have 
tangential lower contacts

Brachiopod wackestone, partly 
dolomitized, sandier towards top, limier 
at base abrupt? lower contact. Sample 
7/27/86/C

Red, fine grained, subrounded, well 
sorted, trough cross bedded, quartzose 
sandstone. Lower contact abrupt.

Reddish-gray skeletal lime packstone, 
slightly sandier at base. Samples 
10/17/B, 10/17/C.

covered

Pink to red, mostly dolomitzed mudstone 
at base grading to mostly dolomitized 
skeletal packstone towards top. Sample 
10/17/A.

Gray, not well exposed, peloidal 
packstone. Peloids are closely packed. 
Sparse chert nodules. Sample 7/27/86/B

covered

Yellow-white, medium crystalline, 
dolomitic mudstone, with a few pockets of 
very porous lime packstone. Samples 
10/16/C, 10/16/D.

covered

Yellowish pink to buff colored, 
calcarenaceous
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15 303 70

14 233 15

13 218 102

12 116 11

11 105 2

10 103 3

9 100 3

8 97 2

7 95 5

6 90 1-2

5 88 23

sandstone at base grades to partially 
dolomitized sandy lime mudstone at top, 
vertical spar-filled burrows, lower 
contact abrupt. Samples 10/16/A, 10/16/B.

Red, very fine grained, in places 
micaeous, well sorted, subrounded to 
subangular, small scale trough cross 
bedded at base, grades upwards into 
increasingly flat bedding.

Limy sandstone, with medium grained to 
coarse grained quartz sand, and skeletal 
material including gastropods, 
brachiopods and echinoderms. Sample 
7/27/86/A.

Red, very fine grained, trough cross 
bedded, quartzose sandstone, gradational 
lower contact.

White, fine grained, quartzose sandstone, 
ripple and trough cross bedded, deformed 
bedding at top, some lamiane have a few 
coarser grains.

Finely crystalline, recrystallized lime 
mudstone, sucrosic texture. Sample 9/21/B

Purple, heavily stylolitized, sandy 
skeletal wackestone. Sample 9/21/A.

White, fine grained, well sorted 
quartzose sandstone.

Red, laminated siltstone, with a few 
white layers.

White, fine grained, massive quartzose 
sandstone with 10% dark (lithic?) grains.

Purple arkosic conglomerate. Matrix fine 
to medium grained, clasts coarse grained 
to pebbles, angular. Fines upward, scour 
at base.

Purple lime mudstone nodules surrounded 
by red siltstone matrix, grading
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4 65 15

3 50 26

2 24 12

1 12 12

0

282

downwards to red siltstone and red and 
green shales. Gradational lower contact.

White with red splotches, trough cross 
bedded in scours at base, becoming 
massively bedded at top, fining upwards 
arkose. Scours filled with coarse grains 
in a very fine grained to medium grained 
sand matrix.

Feldspathic sandstone, coarsens upwards, 
scoured base, filled with red siltstone, 
trough cross bedded in central portion, 
grading upwards to larger troughs and 
flat, thick, massive beds. Mica on some 
bedding surfaces.

Red and white mottled, fine grained to 
very fine grained, well sorted, well 
rounded quartzose sandstone. Fines 
upward, cross bedded.

Red, very fine grained sand and silt form 
a matrix around purple lime mudstone 
nodules. Some bed boundaries are rippled. 
Nodule-rich layers are capped by 4" of 
white, very fine grained quartzose 
sandstone.

base of first bed

covered

-282 granite, schists and gneisses
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Section 3 Location : South half of sections 13 and 14, R. 70 W.,
T. 12 N., Laramie County, Wyoming.

Bed # Total Bed Description
Thickness Thickness

Red shales and silts, thinly bedded, 
ripple marks. Satanka Formation

28 996.5 1 White, fine grained, moderately sorted
quartzose sandstone.

27 995.5 1.5 Red, fine grained, well rounded,
moderately sorted quartzose sandstone. 
Calcium carbonate cement, hematite 
coating on grains. Sample 9/1/C

26 994 6 Grey to pale pink, sandy laminated
dolomite, stylolitized. Lower contact 
sharp. Sample 7/27/86/E

25 988 5 Pink to salmon, well rounded to rounded,
fine grained quartzose sandstone, 
hematite coatings on grains. 2’ beds, 
wavy bed boundaries. Sample 9/1/B

983 60 covered

24 923 6 Buff to tan skeletal lime packstone.
Sample 9/1/A

23 917 23 Skeletal-peloid wackestone. Sample
7/27/86/F

894 13 covered

22 881 44.5 Grey, skeletal lime pack-wackestone.
Sample 8/31/F

836.5 4.5 covered

21 832 6 Red, trough cross bedded, modeately 
sorted, fine grained calcareous 
sandstone, contains 5-10% rounded
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826 13

20 813 6

807 135

19 672 13

659 16

18 643 9

17 634 4

630 53

16 577 12

565 31

15 534 4

530 99

14 431 23

408 25

carbonate grains. Sample 8/31/E 

covered

Echinoderm-brachiopod sandy lime 
packstone. Silica nodules. Samples 8/31/C 
and 8/31/D

covered

Laminated, finely crystalline dolomitic 
mudstone. Sparse echinoderm fossils. 
Contains 15% quartz sand at base, 
decreases upwards. Sample 7/27/86/C

covered

Buff, massively bedded, finely 
crystalline, good porosity, dolomitic 
mudstone. Sample 8/31/B

Pink, flaggy bedded, fine to medium 
grained, well sorted, poorly cemented 
quartzose sandstone.

covered

White to light tan, subrounded quartzose 
sandstone. Calcareous cement, bedding 
thick, internally massive.

covered

Buff to pale pink, sandy skeletal 
packstone. Trough cross bedded, some wavy 
bedding. Sample 8/31/A

covered : sparse outcrops of thinly bedded 
orange-red fine grained sandstone.

Pink, very fine grained, subangular 
feldspathic sandstone. Some vertical 
tubular burrows near top, planar cross 
bedded in sets I1 thick at base. Sample 
8/30/D

covered
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13 383 2

381 7

12 374 7

11 367 22

10 345 4.5-18

9 340.5 2.5

8 338 12

7 326 4

White, subangular, moderately sorted 
feldspathic sandstone, cross bedded, high 
angle.

covered

White to buff at base, grading to red at 
top, silty, calcarenaceous sandstone. 
Planar bedded, 1f thick. Lower contact 
gradational over 1'. Sample 8/30/C

Dark red, medium grained, angular to 
subrounded, moderately sorted quartzose 
sandstone. Hematite and sparry calcite 
cement. Cross bedded : large to small 
scale troughs. Lower contact sharp and 
planar. Sample 8/30/B

Buff to pale pink, fine grained to very 
fine grained (subangular) to medium 
grained (well rounded) quartzose 
sandstone. Bedding wavy, appears blocky 
on outcrop. Lower contact sharp with 
bulbous base.

Dark red, sandy, skeletal packstone. 
Sample 8/30/A

Coarse to very coarse grained arkose and 
feldspathic sandstones. Minor fine 
grained feldspathic sandstone at top. 
Trough cross bedded. 16” thick 
conglomerate at base, max. clast 
dimension 8". Clasts are lime mudstone, 
quartz, feldspar, rock fragments, and 
calcarenaceous sandstone.

Medium grained arkose, trough cross 
bedded. Maximum clast size 1" in scour at 
base. Fines upward to medium grained. 
Clasts in central portion include mica, 
green siltstone, gastropod. Upper portion 
is sandy peloid packstone, topped by a 
layer of purple lime mudstone nodules 
surrounded by a red clay matrix. Lower 
contact sharp, wavy. Samples 8/25/K and 
8/25/J2
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322

311 7.5

5 303.5 1

302.5 15.5

287 3.5

3 283.5 3

278.5

276.5

1.5

5.5

271 271

0

Red, coarse grained arkose, in two 
shallowing upward units, basal scour has 
maximum clast size 1", grading upwards to 
white, fine grained, subrounded quartzose 
sandstone. Upper scour grades upward to 
red and green shales. Planar and trough 
cross bedded. Sample 8/25/J1

covered

Dark grey to brown, mottled lime 
mudstone. Lower contact wavy, sharp. 
Sample 8/25/1

Grey, very coarse grained, angular to 
subrounded feldspathic sandstone with 5% 
calcium carbonate (skeletal material) 
clasts and 1% lithic clasts. Maximum 
clast size 1". Basal scours, interbedded 
in central portion with very fine grained 
sandstone and red siltstone. Upper 
portion is sandy limestone with peloids 
and echinoderm fragments. Samples 8/25/E, 
8/25/F, 8/25/G, 8/25/H

covered

Grey to pale pink skeletal packstone, 
becomes less fossiliferous upwards.
Sample 8/25/D

Red, very fine grained, subrounded, 
massively bedded quartzose sandstone. 
Sample 8/25/C

Grey, stylolitized peloid-skeletal lime 
packstone. Quartz sand increases upwards. 
Samples 8/25/A, 8/25/B

covered

Granite
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Section 4 Location: Center of north half of section 8, T. 13 N., R.
69 W., Laramie County, Wyoming.

630'-784' footages after Hoyt, 1963

Bed # Total Bed Description
Thickness Thickness

38 784 26 White, recrystallized dolomite with
sparse brown spongy chert nodules. Sample 
8/20/86/B

758 34 covered : red, f ine grained sandstone?

37 725 34 Pink, thinly bedded, dolomitic mudstone.
Sparse brachiopods, chert nodules. Sample 
8/20/86/C

36 691 13 Pink, medium grained, well rounded
quartzose sandstone. Calcareous cement.

679 49 covered

35 630 20 Salmon, vuggy, partly dolomitized, thinly
bedded, recrystallized, lime mudstone. 
Sample 8/20/86/D

34 610 35 Red, fine grained, flaggy bedded
quartzose sandstone. Mud cracks filled in 
with calcium carbonate.

33 575 35 Gray skeletal packstone, 1* thick beds.
Sample 9/8/A

32 540 16 Pink, fine grained to very fine grained,
very thinly, horizontally to low angle 
cross bedded (1", flaggy), medium 
grained interbeds are thinly bedded.

524 4 covered

31 520 15 Purple to grey, stylolitized skeletal
lime packstone. Thickly bedded, 1-2'. 
Sample 9/7/Q

505 10

30 495 20

covered

Red, thinly bedded breaking into flaggy
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29 475 40

435 22

28 413 1

412 9

27 403 11

26 392 2

25 390 1

389 4

24 385 30

23 355 50

305 50

22 255 5

pieces, fine grained to very fine 
grained, calcarenaceous quartzose 
sandstone. Laminated, laminae are 
separated by carbonate-rich layers. Lower 
contact gradational over 10'. Sample 
9/7/P

White, completely recrystallized, sandy 
in places, brecciated in places, partly 
dolomitized lime mudstone. Sample 9/7/0

covered

Pink, laminated crystalline dolomitic 
mudstone. Brecciated and dissolved upper 
surface. Sample 9/7/N

covered

Maroon, laminated sandy skeletal 
grainstone. Laminations are wavy, low 
angle cross beds at base. Lower contact 
is sharp with fossil lag. Sample 9/7/M

Red, very fine grained, very well sorted, 
well rounded, quartzose sandstone. Planar 
cross bedded. Sample 9/7/L

Red, dissolved lime mudstone

covered

Red, medium grained, thinly bedded, 
calcarenaceous sandstone, fines upward, 
two evenly spaced sandy skeletal 
packstone layers 1' thick. Sample 9/7/K

Grey to pink, peloid-skeletal packstone, 
with a brachiopod-rich layer at 343', red 
lime mudstone nodules in very fine 
grained sand and silt at 338'. Becomes 
recrystallized and dolomitic at base. 
Samples 9/7/H, 9/7/3, 9/7/1

covered

Tan, completely recrystallized, sandy in 
places, dolomitic mudstone. Sample 9/7/G
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250 5

21 245 19

226 14

20 212 4

208 8

19 200 4

196 21

18 175 30

17 145 1

16 144 18

15 126 6

14 120 7

covered

Pink to tan, occasionally sandy, 
recrystallized lime mudstone, dolomitized 
in places. Sample 9/7/P

covered, float of flaggy pink sandstone

White, recrystallized lime pack- 
wackestone, skeletal material including 
echinoderms, pelecypod. Sample 7/27/36/A

covered

Tan to white, calcarenaceous sandstone, 
medium grained. Sample 9/7/E

covered

Salmon colored, medium grained , 
calcarenaceous sandstone. Base is very 
sandy, decreasing and then increasing 
upwards. Sparese echinoderm fossils, some 
brown chert nodules. Lower contact 
gradational, dark red at base. Samples 
9/7/C, 9/7/D

Pink, finely crystalline, recrystallized, 
sandy lime wackestone. Stylolitized, 
solution nodules. Sample 9/7/B

Red to pink, very fine grained, silty 
quartzose sandstone. Calcium carbonate 
cement, banded with lighter and darker 
colors, thinly bedded. Lower contact 
gradational over 1 foot.

Pink, sandy lime wackestone. Fossils 
include: echinoderm fragments, thin 
walled gastropods, bivalves, possible 
calcispheres. Rare 1" brown chert 
nodules. Sample 9/7/A

Red, medium grained to fine grained, very 
well rounded, moderately sorted quartzose 
sandstone. Occasional medium grained 
clasts : fragments of red siltstone.
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13 113 2.5

12 110.5 4.5

11 106 3.5

10 102.5 8

9 94.5 2.5

8 92 2

7 90 8

6 82 2

92

quartz, and mica, thicker beds are medium 
grained, thinner beds are fine grained. 
Lower contact gradational.

Mottled white and red, very fine grained 
to fine grained quartzose sandstone.
Lower contact gradational

Red, very fine grained, silty quartzose 
sandstone. Lower contact gradational.

Orange to red, well sorted, well rounded 
quartzose sandstone, becoming more 
calcium carbonate rich upwards, 
interbedded with 1" thick coarse to 
medium grained layers. Paleocurrent ESE.

Orange to red, very fine grained, well 
sorted, well rounded, low angle cross 
bedded quartzose sandstone. Paleocurrent 
ENE to SE. Lower contact abrupt.

Purple to pink, fine grained to coarse 
grained arkose. Lower portion planar 
bedded, middle portion wavy bedded, upper 
portion ripple bedded. Interbedded with 
1/2" thick coarser grained layers 4" 
apart. Upper surface mudcracked, calcium 
carbonate nodules, pebble-sized. Lower 
contact gradational.

Pink, thickly bedded, calcarenaceous 
sandstone.

Red, wavy bedded (pink, wavy to thickly 
bedded at top, low angle cross bedded at 
base), fine grained at base to medium 
grained at top, quartzose sandstone. 
Paleocurrent to ESE. Lower contact 
gradational over 1f.

Red, skeletal-peloidal grainstone with 
low angle cross beds. Laminated, some 
layers defined by concentrations of 
coarse grained carbonate particles. 
Paleocurrent SE to ESE.

5 80 2 Pink, banded, skeletal-peloidal
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78

75

grainstone. Bands are 1/2" apart, 
alternating layers are richer in red 
silt. 2" thick white fine grained 
quartzose sandstone at base. Lower 
contact abrupt. Sample 9/6/F

Red, calcareous siltstone with thin, wavy 
laminations. Lower contact covered.
Sample 9/6/E

Red, sandy peloidal lime packstone, 
becomes sandier towards top, ripple 
laminated. Lower contact abrupt. Samole 
9/6/D

72 13

59 24

Tan to cream skeletal-oolitic lime 
grainstone. Some 1" chert nodules near 
top. Lower contact not exposed. Samples 
9/6/A, 9/6/B, 9/6/C

Red, very fine grained, subangular to 
subrounded quartzose sandstone. Trough? 
cross bedded, breaks into flaggy pieces 
at base, wavy bedded towards top. 
Paleocurrent towards ESE.

35

0
35 covered

granite

Section 5 Location: Southeast corner of section 12, R. 70 ¥.,
T. 14 N., Laramie County, Wyoming.

Bed # Total Bed Description
Thickness Thickness 

22 657 5 Red, fine grained subrounded to angular
sandy limestone. Hematite and calcium 
carbonate cement, fossil fragments,
< 5% feldspar and lithic fragments.
Lower contact gradational over one foot. 
Sample 8/22/H
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21 652 9

20 643 8.5

19 634.5 9.5

18 625 6.5

17 618.5 30.5

588 47

16 541 39.5

15 501.5 11.5

14-A 490 16.5

Dark red, sandy, fossiliferous lime 
packstone. Becomes sandier towards top. 
Lower contact abrupt, bivalves and 
gastropods in a thin layer of red silt at 
bed boundary. Sample 8/22/G

Grey to buff, calcarenaceous sandstone at 
base grades to peloid packstone with 
bivalves and gastropods towards top.
Lower contact sharp. Samples 8/22/E, 
8/22/F
Red, cross bedded, subrounded quartzose 
sandstone, 20 % peloids. Cross beds are 
higher angle towards top of unit. Lower 
contact sharp. Sample 8/22/D

Pale pink peloid packstone. Sample 8/22/C

Gray, peloidal packstone. Contains long, 
thin, crenulated brachiopod shells, 
echinoderm fragments. Sample 8/22/A, 
8/22/B

covered : pink, finely crystalline lime 
mudstone?

Pale pink to white, finely recrystallized 
lime mudstone, sucrosic texture, 
silicified in places (chert nodules)
Lower contact gradational over one foot. 
Samples 8/21/F, 8/21/G, 8/21/H, 8/21/1, 
8/21/J
Dark red, very fine grained to silty, 
skeletal-peloid packstone, with some 
agglomerated grains, bored and encrusted 
echinoderm and brachiopod fragments.
Grain size coarsens upwards. Some low 
angle, faint cross beds. Lower contact 
sharp, stylolitized. Samples 8/21/E, 
8/21/D

Pink, peloidal-skeletal packstone: mostly 
peloids, some echinoderms and other 
skeletal material. Sample 8/21/A, 8/21/B, 
8/21/C
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473.5 22.5

14 451 38

13-A 413 7

13 406 9

12 397 11.5

11 385.5 2.5

10 383 38

covered : feldspathic sandstone at base

Gray to pink, peloid packstone with less 
than 1% skeletal material including 
echinoderm pices and brachiopod spine and 
shell fragments. Possibly calcisphere 
or oolitic packstone at 426-436', at base 
skeletal packstone with foraminifera, 
thin-walled gastropods. Lower contact 
gradational over 3 1. Samples 8/20/G, 
8/20/H, 8/20/1, 8/20/J, 8/20/%, 8/20/L, 
8/20/M

White, very fine grained, well rounded 
quartzose sandstone in upper portion, 
interbedded with grey, sandy, peloidal 
lime nackstone towards base. Sample
8/20/Ê, 8/20/F
In upper portion, scour filled with 5' 
maximum size clasts of laminated 
quartzose sandstone and grey lime 
mudstone, fines upward. Scour is cut into 
calcarenaceous sandstone (interlaminated 
with rounded skeletal fragments and 
agglomerated lumps), low angle cross 
bedded, wavy and ripple bedded. Lower 
contact abrupt and planar. Sample 8/20/D

Grey to pale pink to white peloid 
packstone. Chert concretions. Medium 
bedded, lower contact abrupt. Sample 
8/20/C
Red, skeletal-peloid packstone. Skeletal 
pieces with thin oolitic coatings. Lower 
contact gradational over 4-6". Sample 
8/20/B
Pink to orange, fine to very grained, 
well rounded to subrounded quartzose 
sandstone. Cross bedded in sets 2-10" 
thick, upper and lower cross bed laminae 
tangential to bounding surface. Wavy and 
ripple bedding at 381? . Paleocurrents E 
to ESE. Lower contact abrupt. Samples 
8/19/A, 8/20/A
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9 345 1+/-

8 344 13

331 13

7 309 10

6 299 6.5

5 293.5 15.5

4 278 12

3 266 11

2 255 6

1 249 14

Pink, peloidal packstone. Peloids have a 
hematite rim. Lower contact gradational 
over 3”. Sample 8/16/E

Red, very fine grained, thinly bedded, 
laminated, quartzose sandstone. Laminae 
defined by coarse grained, subrounded 
white quartz grains, hematite variations. 
Cross bedded, paleocurrents ENE to E. 
Sample 8/16/D

covered

White to pale pink skeletal fragment lime 
grainstone. Lower contact sharp, 
stylolitized. Sample 8/16/C

Pink peloidal lime packstone. Sand 
increases slightly towards top. Lower 
contact abrupt. Sample 8/16/B

Pink, very fine grained, subrounded 
quartzose sandstone, thinly cross bedded, 
layers defined by rounded carbonate 
skeletal grains. Lower contact sharp. 
Sample 8/16/A

Pink to grey, skeletal lime grainstone, 
skeletal grains including possible 
algae and echinoderms, with radial 
fibrous coatings. Lower contact 
gradational over 1.5’: thin, even 
bedding. Sample 8/15/J

Pink, sandy skeletal packstone, thinly 
bedded to laminated with layers and 
lenses of coarser material. Low angle 
cross beds, some wavy bedding. Sample 
8/15/1

Pale pink, sandy skeletal packstone. 
Lenses of very fine grained sand and 
silt, thinly bedded, lower contact 
abrupt. Sample 8/15/H

Red, fine to medium grained trough cross 
bedded quartzose sandstone, interbedded 
with layers of sandy skeletal-peloid
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packstone in layers 1" apart. At base, a 
1’ thick skeletal packstone. Sample 
8/15/D.

235 235 covered : red silty soil

0 granite and gneiss

Section 6 Location : Southeast corner of section 1, R. 70 W.,
T. 14 N., Laramie County, Wyoming.

Bed # Total Bed Description
Thickness Thickness 

13 389 8 Red, skeletal packstone interbedded with
red, fine grained quartzose sandstone in 
lenses. Sample 9/20/A

381 2 covered : Calcarenaceous sandstone?

12 379 12 Grey, heavily stylolitized, mottled lime 
wackestone, red lime mudstone nodules at 
top. Fauna includes brachipods, 
gastropods, echionderms. Lower contact 
gradational. Sample 7/28/86/F

11 367 White, fine grained to very fine 
grained, thinly bedded, grades to pink, 
faintly laminated? fine to medium grained 
quartzose sandstone.

10 360 4-9 Grey to pink, peloid packstone. Thickness 
varies. Lower contact gradational. Sample 
7/28/86/E

353.5 20.5 Pink, calcarenaceous sandstone. Trough 
cross bedded. Coarse grains to pebbles at 
top, rest fine grained. Interbedded with 
a few peloid packstone layers. Lower 
contact sharp, erosional?

8 333 1 Peloid packstone, gastropods, chert 
nodules. Breccia, red silt on irregular
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7 332 8

6 324 6

5 318 3.5

4 314.5 4

3 310.5 3.5

2 307 24

1 283 18

265 265

0

upper surface. Lower contact abrupt. 
Samples 7/28/86/C, 7/28/86/D

Red, medium grained, laminated and wavy 
bedded, calcarenaceous sandstone.

Red to salmon, massive to wavy bedded, 
fine grained quartzose sandstone. Parting 
lineations trend E-W. Red shaly layer at 
320.

Red, silty sandstones and siltstones, 
laminated.

Interlaminated dark red shaly sandstone 
and clay interbedded with layers of 
purple to white mottled calcarenaceous 
sandstone.

Grey to pink, heavily stylolitized, 
peloid-skeletal packstone. Peloids 
and skeletal pieces are isopachously 
coated. Top 1' very sandy. Samnle 
7/28/86/B

Red and white siltstones, not well 
exposed at top. Medium grained to coarse 
grained, subangular arkose at middle. At 
base, very fine grained to fine grained 
silty sandstone. Abrupt lower contact.

Red to grey, sandy, lime peloidal 
packstone. Sparse calcispheres, thin- 
walled gastropod fragments. Thinly, 
wavily or horizontally laminated in 
places. Interbedded with layers richer in 
sand or silt. Brown spongy chert 
concretions. Samples 9/9/A, 9/9/B, 9/9/C

covered

granite
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