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ABSTRACT
The stratigraphic relationships across the Triassic-Jurassic boundary have not been clearly
defined due to poor biostratigraphic control. Establishing these relationships is important to
develop an understanding of the paleogeographic and stratigraphic framework of the Late
Triassic Chugwater Group and the Middle Jurassic Gypsum Spring Formation.
The deposition of the Late Triassic strata on the eastern side of the Bighorn Basin was
influenced by plate tectonics and sea-level fluctuations. The Red Peak Formation of the Triassic
Chugwater Group records seven depositional cycles of regressive and transgressive units which
are identifiable by evidence of subaerial exposure in outcrop or by alternating peaks and
troughs in geophysical log signatures. Following the deposition of the Triassic sediment, a series
of uplift and erosion contribute in the truncation and thinning of these sedimentary groups.
Jurassic seas formed and resulted in the deposition of the Middle Jurassic Gypsum Spring
Formation which lies unconformably above the Chugwater Group. This extensive unconformity
is recognized throughout Big Horn County. Previous researchers have recognized several
Triassic and Jurassic unconformities throughout the western interior. One of these
unconformities, the J-1 surface, is recognized as the result of an episode of uplift and erosion
during the early Jurassic. These unconformities have been used to identify the Triassic-Jurassic
boundary on the eastern section of the Bighorn Basin. The combination of tectonics and
eustatic changes have contributed to the stratigraphy of the Triassic and Jurassic in Big Horn
County, Wyoming. Correlation of the Triassic and Jurassic strata within the study area aid in the
illustration of the degree of erosion and thinning that developed following the deposition of the
Chugwater Group.
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CHAPTER ONE
INTRODUCTION
The stratigraphic relationships across the Triassic – Jurassic boundary in northern
Wyoming have not been well established. Due to the poor biostratigraphic control, the
stratigraphic relations and facies correlation of the Jurassic and Triassic formations have not
clearly been defined. The purpose of this study is to clarify the stratigraphic relations across the
Triassic-Jurassic boundary along the eastern side of the Bighorn Basin in Big Horn County,
Wyoming. The Bighorn Basin developed during the Cretaceous and Tertiary periods as part of
the Laramide orogeny (Thomas, 1965). The Bighorn Mountains, on the eastern side of the
Bighorn Basin, were uplifted early in the Laramide during the Late Cretaceous (Beudoin, 2012).
This is a northwest to southeast trending basin that is approximately 120 miles long by 60 miles
wide. Establishing the relationships across this boundary is essential to understand the
paleogeographic and stratigraphic framework of the Late Triassic Chugwater Group and the
Middle Jurassic Gypsum Spring Formation.
The Chugwater Group defines the top of the Triassic and is composed of mainly finegrained sediment that was deposited in a coastal environment (Cavaroc & Flores, 1990). The
group consists of the upper Popo Agie Formation, an unnamed red bed unit, the Crow
Mountain Sandstone Formation, Alcova Limestone member, and the lower Red Peak
Formation. These upper most formations consist of interbedded red and white fine-grained
sandstone with mudstone and shale. Above the Chugwater group lies the Middle Jurassic
Gypsum Spring Formation, which has been divided into three lithologic units. The basal unit is a
largely white gypsum with interbedded noncalcareous red shale and siltstone (Parcell &
1

Williams, 2005). The middle unit contains interbedded shales and limestones while the upper
unit predominantly contains shale and siltstones (Parcell & Williams, 2005).
This study encompasses lithologic description, outcrop gamma ray profiling, and analysis
of geophysical well log data to characterize the Triassic-Jurassic boundary at the top of the
Chugwater Group. The use of a gamma ray scintillometer on outcrops of the Chugwater Group
are compared to geophysical well logs to help correlate formations from subsurface to outcrop.
Outcrop gamma ray logs can be used to provide a visualization of the variability in depositional
settings when correlated over a broad area which improves geophysical well log correlations
(Slatt et al, 1995). Outcrop gamma ray logs also able to provide improved lithologic and
stratigraphic interpretations of the equivalent subsurface section observed in well log data
(Slatt et al, 1995). This study will also focus on identifying the unconformities in these
formations to establish a refined correlation of the Jurassic-Triassic boundary (Pipiringos &
O’Sullivan, 1978).
This study aims to reduce the uncertainty of the stratigraphic framework of the TriassicJurassic boundary in the Bighorn Basin. Revised correlations will be useful in the reconstruction
of the paleogeography of the Triassic and Jurassic in present-day Wyoming. Previous
researchers recognize several subdivisions of the Chugwater Group (High & Picard, 1967,
Pipiringos & O’Sullivan, 1978, Cavaroc & Flores, 1990, Downs, 1952, Privrasky et al, 1958);
however, contacts between these subdivisions have been widely varied and there is evidence of
some instability of the shelf during deposition that may be due to tectonic or eustatic variations
(High & Picard, 1969).

2

Figure 1: Map displaying Chugwater Group outcrop exposures on the eastern side of the
Bighorn Basin (Modified from USGS). Map Key on the following page (Figure 1.1)
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Figure 1.1: Map key for Bighorn Basin outcrop exposures (Figure 1).
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The Triassic age Chugwater Group is exposed in many areas along the edge of the basin
(Figure 1); however, this study will focus on broad exposures along a north-south trend of
outcrops on the eastern side of the basin in Big Horn County. The Triassic-Jurassic boundary
along the eastern edge of the Bighorn Basin is the focus of this study. Research of this boundary
is essential in order to build evidence which supports a better paleogeographic reconstruction
of the Jurassic and Triassic. Paleogeographic analysis will provide a focused viewpoint on the
stratigraphy of the basin which is beneficial to hydrocarbon production.
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CHAPTER TWO
GEOLOGIC SETTING AND BACKGROUND

2.1

Location
This study focuses on the Triassic-Jurassic boundary on the eastern side of the Bighorn

Basin in Big Horn County, Wyoming located in north central Wyoming (Figure 2). The Bighorn
Basin is bounded to the northwest by the Beartooth Mountains, the north by the Pryor
Mountains, the east by the Bighorn Mountains, and the south by the Owl Creek Mountains
(Figure 3). The basin is orientated northwest to southeast and is approximately 120 miles long
and 60 miles wide.

Figure 2: Bighorn Basin location map and study area.
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Figure 3: Bighorn Basin map with outcrop locations. Well locations shown in Plate 1.
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The study consists of lithologic and geophysical well log analyses taken from southeast
of Greybull, Wyoming to northeast of Lovell, Wyoming near the Montana/Wyoming border
(Figure 3). The Middle Jurassic Gypsum Spring Formation and the Triassic Chugwater Group are
well exposed along the edge of the basin.
The Bighorn Basin has produced a significant amount of oil and gas since the early 20th
century. The Triassic Chugwater group is a producing formation within this basin. The
geophysical well logs in Big Horn County can used as a tool for further investigation for
prospects targeting the Triassic and deeper formations within the Bighorn Basin.

2.2

Tectonic History & Paleogeography

The supercontinent, Pangea reached its greatest extent during the Triassic Period
(Figure 4 and 5). This configuration associated the Triassic paleoclimate to have a maximized
monsoonal circulation which had a strong influence on the distribution of continental deposits
(Atchley et al, 2013; Parrish, 1993; Dubiel, 1994).
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Figure 4: Triassic model with study area (Modified from Blakey, 2016).

Figure 5: Jurassic model with study area (Modified from Blakey, 2016).
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During the Triassic, the Western Interior was located near the western equatorial coast
of Pangea, where the effects of this monsoonal climate were evident (Dubiel, 1994). The
monsoonal climate, along with plate tectonics and sea-level fluctuations, affected depositional
patterns during the Early Triassic and late Triassic (Dubiel, 1994). Deposition of Early to Middle
Triassic age rocks occurred in offshore marine and marginal marine settings while Late Triassic
sedimentation largely occurred in continental settings (Johnson, 1993; Dubiel, 1994). At the end
of the Triassic, uplift and erosion resulted in truncation and thinning of the Late Triassic
sedimentary groups across northern Wyoming (Thomas, 1965). Evidence of this uplift can be
defended by the abundant sand in the Late Triassic sediment which implies uplift in the source
area (Johnson, 1993). After these Triassic beds were truncated, the Middle Jurassic seas
transgressed Montana and northern Wyoming (Thomas, 1965). These Jurassic seas resulted in
the deposition of the Middle Jurassic Gypsum Spring Formation which lies unconformably
above the Chugwater Group (Thomas, 1965).
Triassic age rocks were sourced from the east and deposited on a westward sloping
shelf. Later Jurassic units were deposited on a northwest sloping shelf (Pipiringos & O’Sullivan,
1978). This deposition was interrupted many times by uplift and erosion which resulted in the
formation of extensive unconformities throughout the Western Interior (Pipiringos &
O’Sullivan, 1978). These Triassic and Jurassic unconformities are designated as Tr-1, Tr-2, Tr-3,
J-0, J-1, J-2, J-3, J-4 and J-5. The J-0 unconformity lies at the top of the Popo Agie Formation of
the Chugwater Group and is truncated by the J-1 surface at the base of the Gypsum Spring
Formation throughout northwestern Wyoming (Pipiringos & O’Sullivan, 1978). In the early
Jurassic, an episode of uplift and erosion occurred prior to the deposition of the Gypsum Spring
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Formation which resulted in an angular unconformity known as the J-1 (Schmude, 2000). The J1 unconformity was developed on low topographic relief throughout most of the area
encompassed by the Bighorn Basin (Schmude, 2000). These unconformities have been used to
identify the Triassic-Jurassic boundary on the eastern section of the Bighorn Basin. Recognizing
these extensive unconformities is a critical component of establishing time-equivalent
stratigraphic horizons over a vast area (Kvale et al, 2001) and have a potential economic
significance as they are advantageous in the search for petroleum reservoirs (Pipiringos &
O’Sullivan, 1978).

2.3

Triassic and Jurassic Rocks

The Triassic Chugwater Group was originally defined by Darton (1904), which included
the red beds that range from the Pennsylvanian Tensleep to the Jurassic Sundance (Picard,
1978). Darton later reevaluated his research due to his recognition of the varying basal
limestone, siltstone, and claystone which is now considered to be the Triassic Dinwoody
Formation (Darton 1904, Picard, 1978). The Chugwater Group was subsequently divided into
four members by Love (1939). These members include the Red Peak, Crow Mountain, and the
Popo Agie. High and Picard (1967) summarized the Chugwater Group and considered the
Dinwoody separate from the Chugwater. Today, the stratigraphic nomenclature of the Triassic
Chugwater group includes the Popo Agie Formation, Unnamed red beds, Crow Mountain
Sandstone, Alcova Limestone, and the lower Triassic Red Peak Formation (Figure 6) (Johnson
1993, Cavaroc & Flores, 1990).
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Figure 6: Stratigraphic column of Triassic age rocks (Modified by Woods from Cavaroc & Flores,
1990)
12

Figure 7: Stratigraphic column of Jurassic age rocks (Modified by Woods from Schmude, 2000).
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The Jurassic strata in the Bighorn Basin includes the Morrison Formation, Sundance
Formation, and the Gypsum Spring Formation (Figure 7) (Johnson, 1992). This study
encompasses the Middle Jurassic Gypsum Spring Formation which was originally defined by
Love (1939). The massive gypsum bed at the base of the Gypsum Spring formation lies
unconformably on the Triassic Chugwater Group (Johnson, 1992).
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CHAPTER THREE
GENERAL STRATIGRAPHY
3.1 Jurassic Rocks

Gypsum Spring Formation

The Gypsum Spring Formation was originally defined as a member of the Triassic
Chugwater Group by Love (1939). It was later discovered to contain fauna which placed the
formation in the Middle Jurassic (Johnson, 1992). The Gypsum Spring Formation consists of an
upper gray cherty limestone member, a middle red claystone member, and a basal gypsum
member. Above the gray cherty limestone member lies the red claystone member of the Piper
Formation which is similar to the middle red claystone member of the Gypsum Spring
formation. Because of the similarities between these two members, there has been debate
about whether the red claystone is part of the Gypsum Spring Formation or the Piper
Formation (Imlay, 1945; Pipiringos and O’Sullivan, 1978; Schmude, 2000; Parcell and Williams,
2005; Gilbert, 2012). The Piper Formation at its type section in Montana contains strata very
similar to the Gypsum Spring type section in Wyoming. Because of the similarities it has been
debated that these two formations are equivalent to each other and the Gypsum Spring type
section is incomplete (Imlay, 1945; Parcell and Williams, 2005; Gilbert, 2012). This Middle
Jurassic formation is bounded at the top by the J-2 unconformity and at the base by the J-1
unconformity.
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3.1.1 Basal Gypsum Unit

Lithology
The Middle Jurassic section within the Bighorn Basin can lie on both the J-0 and J-1
unconformities (Pipiringos and O’Sullivan, 1978). The entire lower Jurassic section is missing
within the Bighorn Basin below these unconformities (Pipiringos and O’Sullivan, 1978, Gilbert,
2012). The lowest member of the Gypsum Spring Formation is the Basal Gypsum unit. This thick
gypsum layer is widespread throughout the study area and contains thin red shale beds which
are representative of high-order cycles. In Big Horn County the Basal Gypsum unit can be one
hundred feet thick. This thick gypsum bed was formed from the rehydration of anhydrite as it
was uplifted (Meyer, 1984). The contact between the basal gypsum unit and the Chugwater
Group is generally well exposed.

Environment of Deposition
The Basal Gypsum unit is representative of the first marine transgression during the
Middle Jurassic into a wide basin that is stretched from eastern Idaho to eastern Montana
(Gilbert, 2012). This basal gypsum unit was deposited in a restricted basin, who’s distribution
was greatly influenced by paleotopography (Doyle, 1984). The gypsum formed in shallow water
conditions within a restricted marine environment under evaporitic conditions. Because the
gypsum is widespread in the area, it is suggested that the chemistry of the water was consistent
throughout the Bighorn Basin (Gilbert, 2012).
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3.2 Triassic Rocks

Chugwater Group

The Chugwater Formation was formally named by Darton (1904) due to the exposed
outcrops at Chugwater Creek near Iron Mountain in the Laramie Range (Johnson, 1993). This
original definition included the Pennsylvanian Tensleep Sandstone and the Jurassic Sundance
Formation. Love (1939) later subdivided the Chugwater Formation into four different members
including the Red Peak, Crow Mountain, Popo Agie, and the Gypsum Spring. The Gypsum Spring
Formation was later shown to be Middle Jurassic in age based on Love (1945). Branson and
Branson (1941) raised the Chugwater from formation status to group status and included Love’s
members as formations. Pipiringos and O’Sullivan (1978) reaffirmed the group status that was
given to the Chugwater. Within the Bighorn Basin and nearby in northwestern Wyoming, the
Chugwater Group is divided into five different formations (Cavaroc and Flores, 1990). These
formations, listed in order from late to early Triassic, include the Popo Agie Formation,
Unnamed Red Beds, the Crow Mountain Sandstone, the Alcova Limestone, and the Red Peak
Formation (Figure 6).
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3.2.1 Popo Agie Formation

Lithology
The Popo Agie Formation has been divided into four informal rock units by High and
Picard (1965). These units, from oldest to youngest, include the Lower Carbonate unit, the
Yellow Facies unit, the Ocher unit, and the Upper Carbonate Unit (Figure 6).
The Lower Carbonate unit consists of a limestone conglomerate and microconglomerate
where the individual beds range from two inches to twelve inches in thickness (Picard, 1978).
The grains of the microconglomerate are rounded to well-rounded with an average grain size of
about 0.5 mm. These grains are predominantly cemented by calcite and by limestone with a
high detrital component (Picard, 1978). Other carbonate rocks present in this facies include silty
and sandy limestone as well as silty dolomite that can be brown, grey, tan and greyish green
(Picard, 1978). Well-sorted to poorly-sorted calcareous and dolomitic sandy siltstone as well as
silty claystone, claystone and very fine-grained sandstone are present within the lower
carbonate unit (Picard, 1978).
The Yellow Facies unit are described in the field as grayish-red to pale brown to yellow.
This unit can be thirty to sixty feet thick and has a similar appearance to the Jurassic Morrison
Formation within the Bighorn Basin. Bedding within this Yellow Facies unit is uncommon and is
known to contain worm burrows (Picard, 1978). This unit is characterized by silty claystone,
analcimic siltstone and very fine-grained sandstone. This Yellow Facies unit grades into the
overlying Ocher unit however they can easily be separated in field descriptions.
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The rocks of the Ocher unit received this nomenclature due to their yellow-brown to
brown color in field descriptions. This unit is relatively thick at a maximum thickness of nearly
one hundred feet. Similar to the Yellow Facies unit, this unit is characterized by uncommon
bedding and worm burrows (Picard, 1978).
Overlying the Ocher unit is the Upper Carbonate unit. This unit is similar to the Lower
Carbonate unit of the Popo Agie Formation in that it is relatively thin. However, Picard (1978)
states that in an area known as the Red Grade, this Upper Carbonate unit can be about thirteen
feet thick. This unit is characterized by illite and a high content of feldspar.
The Popo Agie Formation was not present at the four outcrop locations within this study
or within the geophysical well logs throughout the Bighorn Basin. It is believed that this unit is
not present at this location due to widespread erosion.

Environment of Deposition

The Upper Carbonate, Lower Carbonate, and Yellow Facies units within the Popo Agie
Formation were deposited in a dominantly fluvial environment while the Ocher unit was
deposited in a lacustrine environment. During the deposition of the Popo Agie Formation in
Wyoming, a large lake was present and formed on a deltaic plain (Picard, 1978). In the Bighorn
Basin, the Popo Agie formation was removed due to an erosional event that occurred after the
deposition of the Popo Agie.
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3.2.2 Unnamed Red Beds

Lithology

The Unnamed Red Beds of the Chugwater Group overlie the Crow Mountain Sandstone.
This formation is composed of interbedded lenticular red to light-red to while sandstone, red
siltstone and mudstone. It also contains intervals of grey-green clay shale (Cavaroc and Flores,
1990). This sandstone can be relatively thick at thirty-five feet and contains lenticular, finegrained, poorly sorted channel fills and tabular splays (Cavaroc and Flores, 1990). This
formation grades into the Crow Mountain Formation at its base however, it is difficult to define
the upper contact in the field according to Cavaroc and Flores (1990). The Unnamed Red Beds
are equivalent to the Jelm Formation of south eastern Wyoming (Figure 6).
Similar to the Popo Agie Formation, the Unnamed Red Beds Formation was not present
at the four outcrop locations within this study or within the geophysical well logs throughout
the Bighorn Basin. It is believed that this unit is also not present at this location due to
widespread erosion.

Environment of Deposition

The lower section of the Unnamed Red Beds is part of a generally westward prograding
fluvial deltaic plain while the upper section is believed to represent extensive lake deposits that
accumulated in an alluvial floodplain (Cavaroc and Flores, 1990). These red beds are interpreted
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to be non-marine fluvial channel deposits due to the nature of the lenticular sandstone bodies
with sedimentary structures in the lower part of the section (Johnson, 1993).

3.2.3 Crow Mountain Sandstone

Lithology

The Crow Mountain Sandstone is divided into two units. These units are known as the
Upper Sand and Siltstone unit and the Basal Sandstone unit. In total, the Crow Mountain
Sandstone can be as much as one hundred feet in thickness (Figure 6, Appendix E, Plates 7 and
13).
The Basal Sandstone unit is a predominantly red calcareous sandstone that is composed
of well sorted, subrounded grains that are typically very fine but contain small amounts of
medium and fine grains (Tohill and Picard, 1966). This basal unit contains friable beds that are
porous and permeable (Picard, 1978). This unit is relatively thick and is known to contain beds
of claystone-pebble conglomerates and ripple marks (Picard, 1978).
The Upper Sand and Siltstone Unit lies on top of the Basal Sandstone unit and is
separated by lithologic changes and sedimentary structures. This unit is characterized by red,
calcareous sandstone that contains well sorted, subround grains that are typically very fine in
size (Picard, 1978). This Upper unit is not as friable or porous as the Basal Sandstone unit. The
beds of the Upper Sand and Siltstone Unit are generally steep slope formers (Picard, 1978).
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Environment of Deposition

The Crow Mountain Sandstone is representative of a depositional environment in which
the energy was decreasing over time. The initial deposition of this formation is thought to have
taken place in a shallow-marine setting (Johnson, 1993). The Basal Sandstone unit is
represented by a regressive shore face cycle that is seen by the coarsening upward of grains.
The Upper Sand and Siltstone unit was deposited in an environment of decreasing water depth
(Johnson, 1993). Tohill and Picard (1966) suggested that this unit was deposited in a beach or
tidal flat environment.

3.2.4 Alcova Limestone

Lithology

Below the Crow Mountain Sandstone lies a thin carbonate formation known as the
Alcova Limestone (Figure 6, Appendix E, Plates 5 and 13). The Alcova Limestone is about fifteen
feet in thickness and was formed into a hard-crystalline limestone by the recrystallization of
carbonate mudstone (Johnson, 1993). This formation is described by Carini (1964) as a
millimeter-laminated, thinly bedded, finely crystalline, slightly fossiliferous limestone or
dolomitic limestone. The Alcova is marked by distinct laminations of stromatolitic algae at the
base of the formation (Carini, 1964; Picard, 1978). Silty microsparite and algal biolithite are
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common in the Alcova Limestone however, a carbonate pebble conglomerate is rare to
common within the formation (Picard, 1978).

Environment of Deposition

The Alcova Limestone is representative of a transgressional marine depositional
environment (Cavaroc and Flores, 1990). This formation is believed to have been deposited on
a broad, shallow marine platform that was extended eastward from the Cordilleran
miogeocline (Johnson, 1993). Stromatolites are present in the Alcova which is indicative of a
warm, shallow marine water environment that was under low energy conditions (Johnson,
1993, Cavaroc and Flores, 1990).

3.2.5 Red Peak Formation

Lithology

The Red Peak Formation lies below the Alcova Limestone Formation (Figure 6, Appendix
E, Plates 6-13). The Red Peak in the Bighorn Basin is divided into five different facies. These
facies, from youngest to oldest, include the silty claystone facies, lower platy facies, alternating
facies, upper platy facies, and the variegated sandy facies. In total, the Red Peak Formation is
relatively thick averaging from about five hundred ninety to one thousand one hundred twenty
feet (Picard, 1978).

23

The silty claystone facies is about one hundred fifty to two hundred eighty feet thick and
is composed of a silty claystone that increases in siltstone as you move upward. This facies is
thin, parallel bedded with wavy laminations (Johnson, 1993; McLellan, 1968). The siltstone is
typically poorly sorted, cross-stratified, and contains ripple laminations with ripple marks on
top of bedding surfaces (McLellan, 1968).
Above the silty claystone facies lies the lower platy facies which is about one hundred
fifteen to three hundred eighty feet thick (Picard, 1978). This facies is composed of siltstone,
some silty claystone, and sandstone. As you move upward, the silty claystone decreases while
the sandstone increases (Johnson, 1993; McLellan, 1968). The lower platy facies consists of
poorly sorted siltstones that are parallel to wavy bedded, cross-stratified, with ripple marks on
the surface of bedding structures (McLellan, 1968).
The alternating facies is about two hundred to four hundred feet thick and covers a
large portion of the Red Peak Formation (Picard, 1978). This facies is composed of siltstone,
sandstone and claystone. The beds alternate between massively bedded siltstones and platy
siltstones. As you move upwards in the section, the siltstone grades into higher concentrations
of sandstone (McLellan, 1968). The siltstone is parallel bedded and contains well sorted,
massive siltstone with parallel laminations. The platy siltstones are typically poorly sorted with
wavy laminations and ripple marks on the surface of these beds.
The upper platy facies lies above the alternating facies and ranges from seventeen to
eighty-three feet in thickness (Picard, 1978). This facies is gradational from the lower facies and
resembles the aforementioned lower platy facies. The upper platy facies consists of siltstone,
claystone, sandstone, and intraformational claystone. This facies contains parallel to wavy
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bedded siltstones that are poorly sorted with ripple marks on the surface of these beds
(McLellan, 1968).
The uppermost facies of the Red Peak Formation is the variegated sandy facies. This
facies is about three to sixteen feet thick and is composed of very fine-grained sandstone and
sandy siltstone (Picard, 1978). These rocks can be greyish red, pale red, pale green, and dark
yellow. The bedding within this facies is poorly developed and bedding planes are rare (Picard,
1978).

Environment of Deposition

The facies within the Red Peak Formation have been deposited into similar but varying
environments. The sediment of the Red Peak Formation was derived from the northeast, east,
and south but, this sediment was reworked which led to the current distribution of sandstones
(Picard, 1966). The silty claystone facies was deposited in a transitional environment meaning a
mixed (paralic) environment with neither dominant streams or tides (Picard, 1978). The lower
platy facies and the upper platy facies were deposited into similar tidal flat environments while
the separating alternating facies was deposited on a marine shelf and a tidal flat (Picard, 1978).
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CHAPTER FOUR
METHODOLOGY
The data for this study are derived from one hundred thirteen geophysical logs from oil
wells as well as and four outcrops that were measured over two field sessions in June and
October of 2017. Each of the outcrops were measured with a Jacob’s staff and hand sample
descriptions were recorded at each interval. At each outcrop location, the massive gypsum bed
at the base of the Gypsum Spring Formation was the target for the top of each measured
section. Ten feet of the massive gypsum bed was measured and one hundred feet of the
underlying Chugwater Group. Hand samples were taken every five feet when available within
the Chugwater Group and Gypsum Spring Formation. These samples were taken from the field
to be analyzed in the lab and cut for thin sections. A hand lens was used in the field in order to
aid in outcrop examinations. These examinations at each outcrop included descriptions such as
lithology, grain-size, color, bedding, texture, mineralogy, and sedimentary structures (Figure 8).
Outcrop gamma ray data were also taken at each location for use in correlating
lithologic units from outcrop to subsurface geophysical well logs (Plate 1). Gamma ray was
taken every five feet by digging a hole when needed for each data point at every outcrop.
Readings of total gamma ray counts per one hundred seconds were taken with a geometrics
Model GR-310 hand-held spectrometer. The data taken from each outcrop were loaded into
Microsoft Excel and IHS Kingdom Software v. 2016.0 in order to simulate the character of a
geophysical well log.
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Figure 8: Field work, Bighorn Lake Outcrop, Big Horn County, Wyoming.
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In the lab, stratigraphic sections were drawn to scale using SedLog v 3.1 software and
edited, along with all other figures, using Inkscape software. For each stratigraphic section,
lithofacies descriptions and samples numbers were labeled (Appendix A). All of the hand
samples were analyzed in the lab using a hand lens and under a binocular microscope. From the
hand samples that needed addition examination, thin sections were prepared for analysis.
Seventeen samples were cut, prepared, and sent to the National Petrographic Service,
Inc. in Houston, Texas to be made into thin sections. Each thin section was analyzed under an
Olympus BX50 polarizing petrographic microscope to determine texture, grain size, mineralogy,
and diagenetic features. Each thin section was photographed in plain polarized light and cross
polarized light using an Olympus DP10 camera.
Depth-registered raster images of geophysical well logs were purchased from MJ
Systems and loaded into the IHS Kingdom software. Well log curves were digitized from the
raster images that contained gamma ray, resistivity, or Laterologs. Logs within the area that did
not include gamma ray curves were not used for analysis in this study. Logs containing gamma
ray curves were the main criteria when selecting well logs to be correlated with the outcrop
gamma ray data throughout Big Horn County. Using these criteria, one hundred thirteen wells
were selected for analysis.
The four outcrops measured with gamma ray curves were uploaded into IHS Kingdom to
aid in the correlation from outcrop to subsurface data. This outcrop data, along with one
hundred thirteen wells, provided the ability to correlate outcrop to subsurface data throughout
Big Horn County. A north-south orientated cross section was constructed to illustrate erosional
surfaces, and to identify thinning or pinchouts of units to locate paleotopographic highs (Plate
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13 and 14). Isopach maps were generated in order to visualize the distribution of each unit
across the study area (Plates 2-12). The geophysical well logs that were used throughout Big
Horn County are registered to measured depth (MD) which indicated that the thicknesses of
each unit are true vertical thickness (TVT) instead of true stratigraphic thickness (TST). Wells
that included dipmeter logs were used to make corrections in stratigraphic thicknesses at these
wells and was utilized to correct the thicknesses of the sections within surrounding wells within
the study area.
Depositional cycles were defined from the analysis of geophysical logs and outcrop data
in the Chugwater Group. Seven cycles were noted on the geophysical well logs. Isopach maps
were generated for each of these cycles and used to support interpretations of changes in
deposition (Plates 6-12).
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CHAPTER FIVE
LITHOSTRATIGRAPHIC UNITS IN OUTCROP

Lithofacies
This study defines five lithostratigraphic units for the rocks described in the Gypsum
Spring Formation and the Chugwater Group. One lithostratigraphic unit is defined at the base of
the Gypsum Spring while four units are defined for the Red Peak Formation of the Chugwater
Group. Some of these lithostratigraphic units can be recognized on geophysical well logs. Due
to the one hundred foot extent of outcrop on the Chugwater Group, not all of these
lithostratigraphic units are recognized in the significantly larger scale geophysical well log
sections.

Gypsum Spring Formation

5.1 Lithostratigraphic Unit I: Massive Gypsum

Lithostratigraphic Unit I consists of the massive basal gypsum unit located within the
Gypsum Spring Formation. This unit is seen at every outcrop within this study and can be
correlated throughout the Bighorn Basin in outcrop as well as in the subsurface (Figure 9).
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Figure 9: Basal Gypsum Unit of Gypsum Spring Formation in outcrop.
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This massive gypsum unit is known to be up to one hundred feet in thickness, however,
only ten feet from the Gypsum Spring – Chugwater Group contact was observed in this study
(Appendix C). In outcrop, this lithostratigraphic unit is described as a white massive gypsum
bed. In the subsurface, this gypsum unit is dominated by anhydrite (Meyer, 1984). It is believed
that the gypsum was formed from the rehydration of the anhydrite as it was uplifted (Meyer,
1984). In the subsurface, geophysical well logs define this basal gypsum unit clearly as a sharp
decrease in gamma ray from the underlying Chugwater Group (Appendix E, Plates 2 and 14). In
outcrop, the gamma ray readings that were taken were also much lower than the underlying
Chugwater Group. The gamma ray scintillometer rarely displayed higher gamma ray readings
on this basal gypsum unit which is most likely due to weathering of the overlying red claystone
covering parts of this basal gypsum unit.
Lithostratigraphic unit I is interpreted to have been deposited in a restricted and
evaporative, shallow water, inner ramp setting (Parcell & Williams, 2005). The gypsum was
most likely precipitated in the water column and deposited as a clastic sediment in a low energy
setting (Parcell & Williams, 2005). Due to the availability of this massive basal gypsum unit
within the study area, it is suggested that the water chemistry was consistent throughout the
Bighorn Basin (Gilbert, 2012). This restricted setting is most likely caused by the uplift of the
Belt Island complex in Montana which formed a physical barrier restricting open marine water
from the area (Schmude, 2000).
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Red Peak Formation

The Red Peak Formation of the Chugwater Group was observed and studied throughout
each of the outcrops in Big Horn County. The Red Peak Formation is broken into four different
lithostratigraphic units (Lithostratigraphic Unit II, III, IV, and V) that can be correlated at each
outcrop location.

5.2 Lithostratigraphic Unit II: Very Fine-Grained Siltstone and Mudstone

Lithostratigraphic Unit II is located below the Gypsum Spring – Chugwater contact and
can be correlated across each outcrop within this study. This lithostratigraphic unit is five to
fifteen feet thick and is composed of very fine-grained siltstone to mudstone.

33

Figure 10: Contact between the Chugwater Group and the Gypsum Spring Formation.
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At the upper contact this unit is grey and green in color that grades downward into the
more typical red color of the Red Peak Formation (Figure 10). Wavy bedding and cross-bedding
was observed at the Red Gulch and Bighorn Lake outcrops. Gypsum veins are also present
within lithostratigraphic unit II. Below the ridge forming massive basal gypsum beds, this unit is
typically a slope former that has been weathered onto the underlying units of the Red Peak.
The gamma ray scintillometer used on this section displayed an increase from the overlying
gypsum bed with an average total count of 85.1 (Appendix C).
Lithostratigraphic unit II is interpreted to have been deposited in a nearshore marine to
tidal flat environment. The grey and green color at the top of this unit is indicative of a
reduction in iron bearing minerals. The composition of mudstone and siltstone implies a
moderately low energy environment while the wavy bedding and small-scale cross-bedding
might imply reworking of the nearshore/tidal flat environment.

5.3 Lithostratigraphic Unit III: Red Silty Mudstone

Lithostratigraphic unit III is graded into the overlying lithostratigraphic unit II. This unit
has been identified at each outcrop in this study and is about twenty feet thick on average. It is
composed of a red colored silty mudstone. The majority of this lithostratigraphic unit is covered
due to weathering of the overlying rocks at each outcrop so a significant amount of digging was
done to perform an analysis of this section. This unit typically forms a slope below the ridge of
the overlying unit. This red silty mudstone contained scattered points that had been leached of
its iron bearing minerals which gave these spots a light grey color as seen in Figure 11.
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Figure 11: Leached bed in outcrop, Bighorn Lake Outcrop, Big Horn County, Wyoming.
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The outcrop gamma ray data taken on this section displayed a slight increase from the
overlying unit with an average total count of 105.09 (Appendix C).
Lithostratigraphic unit III was deposited in a nearshore marine to tidal flat environment.
The composition of the red silty mudstone implies that this unit was deposited in a low energy
environment. The grey spots are indicative of a reduction in iron bearing minerals in scattered
points throughout the section (Figure 11).

5.4 Lithostratigraphic Unit IV: Very Fine-Grained Siltstone and Sandstone

Lithostratigraphic unit IV lies beneath lithostratigraphic unit III and can be correlated
through each outcrop analyzed within Big Horn County. This unit is composed of very finegrained sandstone and siltstone that is typically red throughout the section. The grains in this
unit are subrounded, .05-.1mm in size and moderately sorted.

This ridge forming unit contains massive beds with included gypsum veins (Figure 12
and 13). This section is about twenty feet thick at Sheep Mountain and Little Sheep Mountain
while it is thirty to thirty-five feet thick at Red Gulch and Bighorn Lake. The gamma ray data
taken on this lithostratigraphic unit was relatively similar to the overlying unit with an average
total count of 93.17. Lithostratigraphic unit IV was deposited in a nearshore marine to tidal flat
environment.
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The siltstone and very fine-grained sandstone within this unit indicates a moderate to
low energy environment of deposition. The gypsum veins included within this section are
perceived to have been precipitated into the sandstone and siltstone post-deposition.
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Figure 12: Gypsum veins in outcrop, Bighorn Lake Outcrop, Big Horn County, Wyoming.
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Figure 13: Gypsum veins in thin section, Bighorn Lake Outcrop, Big Horn County, Wyoming.
.05 - .3mm grains, 4x magnification.
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5.5 Lithostratigraphic Unit V: Fine-Grained Sandstone, Siltstone and Mudstone

Lithostratigraphic unit V lies beneath lithostratigraphic unit IV and can be correlated
through each outcrop analyzed within Big Horn County. This unit is composed of a fine-grained
sandstone and siltstone/mudstone. The base of this unit is typically a silty mudstone that
coarsens upward to a fine-grained sandstone at the top. This sloping dark red/brown rock unit
contains fairly friable rock that contains iron leached spots and occasional wavy bedding planes.
The leached spots within this unit give the rock a grey color that is surrounded by the
dark red/brown rock that is most common throughout the section. Lithostratigraphic unit V is
relatively thick with a range from twenty to fifty feet. The outcrop gamma ray data taken on
this section displayed a slight decrease from the overlying unit with an average total count of
59.58 (Appendix C).
Lithostratigraphic unit V is interpreted to have been deposited in a nearshore marine
environment. The siltstone at the base of this unit implies a low energy environment while the
very fine-grained sandstone at the top implies a moderate to low energy environment. The
wavy bedding seen in this unit suggests reworking of this nearshore marine environment over
time. This lithostratigraphic unit was deposited in a time of marine regression which is indicated
by a coarsening upward cycle.
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CHAPTER SIX
STRATIGRAPHIC CORRELATION
Outcrop to subsurface correlations were completed using the subsurface geophysical
well logs and the stratigraphic sections within Big Horn County. Tops were picked for each of
the three lithologic units as well as seven depositional cycles. The four lithologic units picked
were for the Crow Mountain Formation, the Alcova Limestone Formation, the overall
Chugwater Group and the basal gypsum unit of the Gypsum Spring Formation. The tops of each
lithologic unit and the depositional cycles were correlated throughout the study area. Isopach
maps were produced for each unit and cycle and are shown in (Plates 2-12). A north to south
representative cross section was compiled (Plates 13 and 14) to display the overall thinning of
the Chugwater Group and the erosion that occurred within this unit. The top of the overlying
Sundance Formation and the Dinwoody Formation were chosen as the datum and each of the
units were picked on subsurface geophysical well logs between these two formation tops.

6.1 Gypsum Spring Formation

The Middle Jurassic Gypsum Spring Formation lies unconformably on top of the Triassic
Chugwater Group. This surface is an unconformity described in Pipiringos and O’Sullivan (1978)
and can successfully be correlated throughout the Bighorn Basin. It is interpreted as an
erosional surface that lies between the massive basal gypsum unit of the Gypsum Spring
Formation and the rocks of the Chugwater Group within Big Horn County. The contact of the
massive basal gypsum unit and the underlying Chugwater Group was identified at each outcrop
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within the study area as well as in every geophysical well log studied in Big Horn County (Plate
2; Appendix A, C, and E). Since this sharp contact is easily identifiable in outcrop and the
subsurface, this surface was easily correlated throughout the study area (Plate 14).
The massive basal gypsum unit was available across the study area, however, the
underlying formation of the Chugwater Group changes moving north in the basin due to
erosion of the Triassic strata.

Outcrop Gamma Ray and Subsurface Geophysical Response

The contact between the Gypsum Spring Formation and the Chugwater Group is fairly
easy to locate due to the obvious contact of massive gypsum beds on top of the red rocks of the
Chugwater Group. While the contact is sometimes underneath covered section however, the
contact can be precisely pin-pointed in subsurface geophysical well logs. The gamma ray
signature of this contact is shown by a sharp decrease at the contact between the Basal
Gypsum unit and the Chugwater Group. Meyer (1984) suggested that high-order shallowing
upward cycles were present within this unit. These cycles were marked by alternating beds of
red claystone, dolomite, and gypsum which are visible in geophysical well logs (Meyer, 1984).

6.2 Chugwater Group

The Chugwater Group is overlain by the Gypsum Spring Formation and separated by an
unconformity. As a whole, these Triassic strata generally thin from the south to the north in the

43

Bighorn Basin. The Chugwater Group within the study area contains the Crow Mountain
Sandstone Formation, the Alcova Limestone Formation, and the Red Peak Formation.
Depending on location, the Triassic rock varies in thickness due to erosion.

6.2.1 Crow Mountain Sandstone Formation

The Crow Mountain Sandstone is the uppermost formation that is seen in the study
area. This formation was not available at any outcrop; however, the base was observed in some
of the geophysical well logs at the southernmost part of the study area. Correlation of this
formation was completed by observing the abrupt gamma ray increase from the overlying
massive basal gypsum unit. The base of this unit was easily correlated to a significant gamma
ray increase below the formation. Moving north through the basin, this formation is shown to
have been removed by erosion. An isopach map was produced in (Plate 4) to display the
relatively thin remainder of this formation which overlies the Alcova Limestone Formation.

Outcrop Gamma Ray and Subsurface Geophysical Response

The Crow Mountain Sandstone was not present at the four outcrop locations within this
study, however, parts of this formation were visible within some of the geophysical well logs
throughout Big Horn County. The Crow Mountain Sandstone is clearly seen in geophysical well
logs beneath the massive gypsum bed of the Gypsum Spring and above the Alcova Limestone.
The gamma ray signature of this sandstone is shown by a sharp increase following the gypsum
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bed. At the lower contact of the Crow Mountain Sandstone, a decrease in the gamma ray curve
displays the contact to the Alcova Limestone. The Crow Mountain Sandstone is not shown in
every geophysical well log because as you move north in the basin, this portion of the
Chugwater Group has been eroded.

6.2.2 Alcova Limestone Formation

The Alcova Limestone is the second oldest formation of the Chugwater Group observed
within the study area. Similar to the Crow Mountain, the Alcova Limestone was observed in
many subsurface well logs but was not seen in any outcrop within the study area. This relatively
thin formation was easily identifiable in the subsurface due to the sharp gamma ray decrease to
signify the top of the formation (Appendix E). The base of his formation is signified by a sharp
gamma ray increase separating the Alcova Limestone Formation from the Red Peak Formation.
The Alcova Limestone is seen only in the southern portion of Big Horn County and is missing in
the northern portion due to erosion. An isopach map was produced in (Plate 5) to display the
significance of erosion on this formation throughout the study area.

Outcrop Gamma Ray and Subsurface Geophysical Response

The Alcova Limestone is not present at the four outcrop locations that were observed
within this study, however, this formation was visible within some of the geophysical well logs
throughout Big Horn County. The Alcova Limestone, when available in well logs, is clearly seen
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beneath the Crow Mountain Sandstone and above the Red Peak Formation. The gamma ray
signature of this formation is easily seen as a sharp decrease at the upper contact followed by a
sharp increase at the base. Throughout the geophysical well logs within Big Horn County, the
Alcova Limestone is present in the southern portion but is missing as you move north through
the basin.

6.2.3 Red Peak Formation

The Red Peak Formation is the lower most formation of the Chugwater Group. This
formation is widespread throughout Big Horn County and is seen at every outcrop and
geophysical well log included in this study. The Red Peak is a relatively thick formation that is
bounded at the top by various formations including the Alcova Limestone and the Gypsum
Spring. The contact of this formation is easily identifiable in outcrop and in the subsurface. In
outcrop it is bounded to the top by the massive basal gypsum unit of the Gypsum Spring
Formation (Figure 14).
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Figure 14: Outcrop of the Red Peak Formation of the Chugwater Group and the Basal Gypsum
Unit of the Gypsum Spring Formation, Bighorn Lake outcrop.
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A majority of the data within this study in outcrop as well as in the subsurface is taken
from the Red Peak Formation. This contact is seen in the subsurface as a significant gamma ray
increase from either the overlying Alcova Limestone or Gypsum Spring depending on the
location (Appendix C and E; Plate 14).
In the southern portion of Big Horn County, this formation is bounded by the Alcova
Limestone. Moving from south to north, the Red Peak is truncated by the Gypsum Spring due to
erosion of the overlying Chugwater formations. As a whole, this formation thins from the south
to the north. The thinning of this formation is displayed in an isopach map (Plates 6-12). The
Red Peak Formation has been separated into seven separate depositional cycles. The
depositional cycles within the Red Peak were selected by defining regressive - transgressive
patterns that can be identified within the subsurface geophysical well logs (Plate 14; Appendix
E). Consecutive regressive cycles within the Red Peak Formation are often separated by thin
transgressive cycles which can be indicative of episodes of subsidence causing rapid
transgression. Depositional cycle seven is youngest section of the Red Peak followed
subsequently down to depositional cycle one. While each of these cycles thin to the north, the
uppermost cycle seen in the study area changes due to the erosion of the upper Red Peak
Formation.

Outcrop Gamma Ray and Subsurface Geophysical Response

The Red Peak Formation is located at each of the outcrops within this study. The contact
between the Gypsum Spring Formation and the Chugwater Group was fairly easy to locate due
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to the obvious contact of massive gypsum beds on top of the Red Peak Formation of the
Chugwater Group. Gamma ray data in outcrop is marked by an increase from the overlying
massive gypsum bed. In subsurface geophysical well logs, the contact between the Gypsum
Spring and the Red Peak is obvious due to the abrupt increase below the massive gypsum bed.
The Red Peak Formation is a thick section which can be broken up into multiple depositional
cycles that are seen in the subsurface well log data.

Red Peak Depositional Cycle 7

The Red Peak depositional cycle seven is the uppermost cycle seen in the Red Peak. This
depositional cycle is overlain by the Alcova Limestone in the southern portion of the study area
and by the massive basal gypsum unit of the Gypsum Spring Formation to the north.
Depositional cycle seven thins from the south to the north and is missing from the Triassic
strata in the northern portion of Big Horn County. An isopach map (Plate 6) was produced to
display the thinning and removal of this cycle. The signature of depositional cycle seven is
displayed in the gamma ray well log curve as a gradual decrease which is indicative of a
coarsening upward regression (Plate 14; Appendix E). The base is observed as high gamma ray
that abruptly decreases into depositional cycle six.

Red Peak Depositional Cycle 6
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Red Peak depositional cycle six underlies depositional cycle seven and is seen in the
majority of the subsurface throughout the study area. This cycle can be correlated through
most the well logs in Big Horn County. An isopach map (Plate 7) was developed to display the
northern thinning and erosion that has removed part of this cycle. Geophysical well logs display
depositional cycle six by a gradual decrease which defines a slight coarsening upward
regression (Plate 14; Appendix E). The base of this depositional cycle six is observed as a high
gamma ray to a significant underlying decrease.

Red Peak Depositional Cycle 5

The Red Peak depositional cycle five is seen in each of the subsurface geophysical well
logs that contain the Chugwater Group. Depositional cycle five can be easily correlated
throughout the study area due to its two low gamma ray troughs at the top. The gamma ray
signature in the well logs is shown by a high gamma ray response that gradually decreases
indicating another coarsening upward regressive unit (Plate 14; Appendix E). This cycle thins to
the north but has not been through an erosional event. Depositional cycle five is displayed in an
isopach map (Plate 8) to illustrate the thinning of this section of the Triassic strata.

Red Peak Depositional Cycle 4

Depositional cycle four is widespread throughout the subsurface data within Big Horn
County. Due to the widespread availability of this cycle, this unit was correlated through each
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geophysical well log that was used in this study. An isopach map (Plate 9) for depositional cycle
four illustrates the thinning of this unit to the north. In the subsurface well logs, this cycle is
defined at the base by a high gamma ray that gradually decreases as you move up in the section
(Plate 14; Appendix E). This coarsening upward cycle is indicative of a regressive unit.
Red Peak Depositional Cycle 3

The Red Peak depositional cycle three underlies depositional cycle four and is available
throughout the study area. This is a relatively thin cycle that has been correlated through every
studied subsurface well log. Depositional cycle three has been illustrated in an isopach map
(Plate 10) to display the relative thinning of the section in Big Horn County. This cycle has the
gamma ray signature of a fining upward transgression that overlies the low gamma ray of
depositional cycle two.

Red Peak Depositional Cycle 2

The Red Peak depositional cycle two is available throughout the subsurface geophysical
well log data in Big Horn County. This cycle has been correlated throughout the study area and
is illustrated in an isopach map (Plate 11). This cycle is a regressive unit that is overlain by the
subsequent transgressive unit of depositional cycle three (Plate 14; Appendix E). This
coarsening upward unit has a high gamma ray signature at the base that gradually increases at
the top.
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Red Peak Depositional Cycle 1

The Red Peak depositional cycle one is the youngest depositional cycle identified within
the Red Peak Formation. Depositional cycle one is available in every geophysical well log within
the study area. This cycle is seen throughout Big Horn County which allowed for an isopach map
(Plate 12) to be developed to display this section. This cycle is seen in the subsurface as a
coarsening upward regressive unit that overlies the Dinwoody Formation (Plate 14; Appendix
E). The base of this cycle is easily identifiable by a sharp gamma ray increase at the base which
is followed by a gradual increase to the top of the section.
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CHAPTER SEVEN
DISCUSSION

The stratigraphy of the Triassic – Jurassic boundary in the Bighorn Basin continues to be
a source of disagreement due to poor biostratigraphic control. Without the aid of index fossils,
the stratigraphic relations and facies correlation of the strata in this section continue to cause
disagreement in correlations among researchers studying this boundary. This study was
completed to improve on the past research and recent developments that have been
performed within northwestern Wyoming. The presence of broad exposures of the Middle
Jurassic Gypsum Spring Formation and the Triassic Chugwater Group are essential in building an
understanding of the paleogeographic and stratigraphic framework for this strata. The evidence
of an erosional unconformity separating the Triassic from the Middle Jurassic is seen
throughout the western side of the Bighorn Basin. Locating this erosional unconformity in
outcrop, as well as in the subsurface, is an essential tool that can be used throughout the basin
to correlate Triassic age rocks.
Tectonics and eustatic changes had a strong influence on the distribution and facies of
the Triassic strata. At the end of the Triassic, uplift and erosion resulted in the thinning of the
Triassic Chugwater Group. The unnamed red beds and the Popo Agie formations of the
Chugwater Group were eroded from this period during the erosional event. The underlying
Crow Mountain Sandstone, Alcova Limestone, and Red Peak Formation are observed within the
subsurface, however, these formations were also truncated by this post Triassic deposition
erosion. The Sheep Mountain, Little Sheep Mountain, Bighorn Lake and Red Gulch outcrops
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each were observed to have been eroded down into the Red Peak Formation. In subsurface
geophysical well logs, the Crow Mountain Sandstone and the Alcova Limestone are only
observed in the southern portion of the study area. These aforementioned formations along
with the upper Red Peak Formation are missing from the Triassic period in the northernmost
portion of Big Horn County which is interpreted to have been affected by the post Triassic
erosional event.
This erosional unconformity is significant to the study due to its position between the
Middle Jurassic Gypsum Spring Formation and the Triassic Chugwater Group. Isopach maps
(Plates 3-12) illustrate the significant erosion and thinning of the Chugwater Group underlying
the unconformity.
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CHAPTER EIGHT
CONCLUSION AND FUTURE RESEARCH

The stratigraphic relationships and correlation across the Triassic-Jurassic boundary in
northern Wyoming have not been clearly defined due to poor fossil control. The goal of this
study is to clarify these stratigraphic relations across the Triassic-Jurassic boundary along the
eastern side of the Bighorn Basin in Big Horn County, Wyoming.
The Bighorn Basin developed during the Cretaceous and Tertiary periods as part of the
Laramide orogeny which uplifted the Bighorn Mountains which are east of the study area.
During the Triassic, the Western Interior was located near the western equatorial coast of
Pangea. The monsoonal climate, along with plate tectonics and sea-level fluctuations, affected
deposition during the Early and Late Triassic. At the end of the Triassic a period of uplift and
erosion resulted in the truncation and thinning of the Late Triassic sedimentary groups within
the Bighorn Basin (Thomas, 1965). Following the uplift and erosion, Jurassic seas formed which
resulted in the deposition of the Middle Jurassic Gypsum Spring Formation which lies
unconformably above the Chugwater Group (Thomas, 1965). This extensive unconformity
separating the Gypsum Spring Formation from the Chugwater Group is noted throughout the
Western Interior and is available within the study area. Recognizing this unconformity is a
critical component of establishing a correlation of the Triassic and Jurassic strata throughout Big
Horn County.
This analysis consists of the Middle Jurassic Gypsum Spring Formation and the Triassic
Chugwater Group. The Gypsum Spring Formation includes the Cherty Limestone Unit, the Red
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Claystone Unit, and the Basal Gypsum Unit, however, only the Basal Gypsum Unit was analyzed
in the study area. This Basal Gypsum Unit separates the Middle Jurassic from the Triassic. The
Triassic Chugwater Group, in order from oldest to youngest, consists of the Red Peak
Formation, the Alcova Limestone Formation, the Crow Mountain Formation, Unnamed Red
Beds, and the Popo Agie Formation. The Popo Agie Formation and the Unnamed red beds are
not observed within Bighorn County.
The study consists of lithologic description, outcrop gamma ray profiling, and
geophysical well log analysis. Four outcrops and one hundred thirteen geophysical well logs
were analyzed. At each outcrop lithologic descriptions and hand samples were taken ten feet
into the Gypsum Spring formation above the contact to the Chugwater Group. Lithologic
descriptions and hand samples were taken within one hundred feet of the Chugwater Group
below the Jurassic-Triassic contact. Outcrop gamma ray data was also taken at each outcrop to
be compared to geophysical well logs to help correlate from outcrop to subsurface. These
geophysical well logs were analyzed and correlated throughout the study area.
Correlation of the Jurassic and Triassic strata in the study area illustrates the degree of
erosion and thinning that occurred after the deposition of the Chugwater Group. Correlation of
the Red Peak Formation is simplified by breaking the formation up into seven depositional
cycles of regressive and transgressive units. These seven units provided a depositional model
that aids in the correlation of the formation throughout Big Horn County and can be used as a
correlation aid outside of the study area. By conducting this stratigraphic analysis and
correlation of the Triassic Chugwater Group and the Jurassic Gypsum Spring Formation, this
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study has formed an improved understanding of the paleogeographic and stratigraphic
framework for the Bighorn Basin.

Future Research

This study should be compared to future work on the Triassic-Jurassic boundary outside
of Big Horn County. The depositional cycles noted in the geophysical well logs should be
compared and correlated to those in surrounding counties in northwestern Wyoming. By
correlating the unconformity separating the Triassic and the Jurassic, as well as the depositional
cycles within the Red Peak Formation, a large-scale investigation can be done to advance the
knowledge of the Triassic and Jurassic stratigraphic relationships within the Bighorn Basin.
Pipiringos and O’Sullivan (1978) proposed multiple unconformities within the Jurassic and
Triassic strata within the Western Interior. Continued investigation of the unconformity
separating the Middle Jurassic from the Triassic can be useful in the proper placement and
nomenclature of this unconformity throughout the Bighorn Basin.
It will be necessary for more outcrop and subsurface studies to be completed just north
of Big Horn County into Montana, as well as to the south of Big Horn County in order to extend
the reach of this study to include the entire Bighorn Basin. It is also recommended that future
workers collaborate in order to avoid problems originating from misunderstanding past
literature.
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Appendix A: Sample List
Lithostratigraphic Unit

Thickness

Thin Section

Sheep Mountain Outcrop

Unit 1
Unit 2

10 ft.
6 in.

Unit 3

35 ft.

Unit 4
Unit 5

Unit 1
Unit 2

Samples

1
1

1

20 ft.

1

1

54 ft.

4

2

Little Sheep Mountain Outcrop
10 ft.
15 ft.

1
3

1
2

Unit 3

20 ft.

2

2

Unit 4

20 ft.

2

Unit 5

50 ft.

1

64

Description

Massive gypsum bed
First section of the
Chugwater. Red
siltstone/mudstone,
green mudstone.
Friable beds with
gypsum veins.
Slope forming red
mudstone/siltstone.
Majority of section is
covered.
Ridge forming friable
red siltstone. Gypsum
veins included.
Thin mudstone beds
that coarsen upward to
a fine-grained silty
sandstone. Contains
wavy bedding.

Massive gypsum bed
First section of
Chugwater Group. Red
mudstone with green
mudstone beds.
Red
siltstone/mudstone,
contains leached beds,
large portion of section
is covered.
Very fine grained red
sandstone/siltstone.
Thin slope forming
beds.
Thin beds, fine grained
sandstone-mudstone.

Bighorn Lake Outcrop

Unit 1
Unit 2

10 ft.
10 ft.

Unit 3

10 ft.

Unit 4

Unit 5

2

2

35 ft.

5

2

20 ft.

2

Red Gulch Outcrop

Unit 1
Unit 2

10 ft.
5 ft.

1
1

Unit 3

15 ft.

1

Unit 4

30 ft.

4

Unit 5

5 ft.

1

65

1
1

2

Massive gypsum bed
First section of
Chugwater Group, wavy
bedding. Red
mudstone/siltstone
with green mudstone
beds.
Red mudstone. Majority
of section covered with
gypsum from unit 1.
Thin beds of red
siltstone. Ridge forming
section with gypsum
veins and iron leached
spots.
Thin beds, red
siltstone/mudstone.
Majority of section is
covered.

Massive gypsum bed
First section of the
Chugwater Group. Red
siltstone with cross
bedding.
Slope forming red
mudstone.
Red siltstone with very
fine grains. Massive
ridge forming bedding.
Dark red mudstone,
slope forming section.

Appendix B: Measured Outcrop Locations
Measured Outcrop Locations
Name
Sheep Mountain
Little Sheep
Mountain
Bighorn Lake
Red Gulch

Latitude

Longitude

44°40'18.52"N 108°11'18.67"W
44°46'2.95"N 108°16'37.04"W

100 ft.
110 ft.

Basal Gypsum
Section
10 ft.
10 ft.

44°57'14.65"N 108°16'16.83"W
44°26'4.30"N 107°45'1.04"W

70 ft.
65 ft.

10 ft.
10 ft.

66

Triassic Section

GR

X
X

X
X

Appendix C: Stratigraphic Columns of Outcrops
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Appendix C: Stratigraphic Columns of Outcrops
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Appendix C: Stratigraphic Columns of Outcrops
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Appendix C: Stratigraphic Columns of Outcrops
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Appendix D: Well List
Well #
1
2
3
4
5
6
7
8
9
10
11

UWI
49003204700000
49003058740000
49003205520000
49003205500000
49003202780000
49003064750000
49003064400000
49003205430000
49003206000000
49003203980000
49003204060000

12

49003207410000

13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34

49003202080000
49003215700000
49003205990000
49003205270000
49003204840000
49003207390000
49003204630000
49003056360000
49003207810000
49003206470000
49003201230000
49003208630000
49003207300000
49003206570000
49003206970000
49003206930000
49003207030000
49003210100000
49003206910000
49003204870000
49003206880000
49003205620000

Well Name
Abraham 5
Alkali 5
Alkali Anticline 16
Alkali Anticline 17
Alkali Anticline UN 8
Berry 1
Bischoff 1
Brent Shop 3
Byron 9
C Anderson 2
Chambers - Federal 114
Christmann Trojan 114
Colony Fee 10
Cross Gas 17
David Williams 3
Dobie Creek Unit 13-2
E B Richards 3-A19
E E Jones 8
Easton 10
Emmett-Federal 1
Federal 1-10
Federal 1-14
Federal 1-19
Federal 1-27-49-91
Federal 1-30
Federal 1-30
Federal 12-20
Federal 12x-23
Federal 14x-2
Federal 15-1
Federal 34-22
Federal 4-18
Federal 41x-20
Federal 43-10

71

S-T-R
26-56N-97W
32-55N-95W
32-55N-95W
29-55N-95W
29-55N-95W
28-57N-97W
12-56N-96W
13-54N-92W
22-56N-97W
25-56N-97W
14-50N-92W

Field

Byron
Alkalai Anticline
Alkalai Anticline
Alkalai Anticline
Alkalai Anticline
Wildcat
Wildcat
Wildcat
Byron
Byron
Wildcat (Wildhorse
Draw Area)
14-54N-95W Wildcat
33-56N-97W
28-56N-97W
34-56N-97W
13-49N-94W
19-57N-97W
52-56N-97W
33-56N-97W
13-52N-94W
10-51N-92W
14-50N-91W
19-53N-91W
27-49N-91W
30-55N-95W
30-49N-89W
20-52N-91W
23-51N-91W
2-50N-90W
15-57N-97W
22-49N-90W
4-56N-97W
20-50N-90W
10-55N-97W

Garland
Garland
Byron
Dobie Creek
Sage Creek
Garland
Garland
Emmett
East Lamb Prospect
Wildcat
Wildcat
Wildcat
Wildcat
Wildcat
Wildcat
Wildcat
Wildcat
East Sage Creek
Wildcat
Wildcat
Wildcat
Garland

35
36
37
38

49003206900000
49003202100000
49003206300000
49003200710000

Federal 43-30
Federal 6-57-96
Federal-Davis 1
Flying M Ranch 1

30-50N-89W
6-57N-96W
20-57N-97W
29-52N-93W

39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57

49003205170000
49003207670000
49003201880000
49003201100000
49003052830000
49003200520000
49003059060000
49003200940000
49003200550000
49003204430000
49003203110000
49003201150000
49003207290000
49003206670000
49003202320000
49003204460000
49003206040000
49003209120000
49003062030000

16-56N-96W
18-57N-97W
33-56N-97W
4-56N-97W
2-50N-92W
13-51N-93W
22-55N-96W
11-51N-93W
35-52N-92W
23-56N-97W
27-53N-92W
27-52N-93W
25-50N-90W
20-55N-95W
23-51N-93W
30-56N-97W
19-56N-97W
30-56N-97W
32-56N-97W

58
59
60
61
62
63
64

49003062560000
49003206080000
4900320650000
49003206450000
49003201570000
49003209890000
49003201850000

30-56N-97W
12-51N-93W
2-50N-92W
35-51N-92W
6-49W-92W
19-50N-92W
28-50N-92W

Garland
Lamb
Lite Butte
Lite Butte
Wildcat
Manderson unit
W/C Manderson

65
66
67
68
69
70

49003205910000
49003207140000
49003203790000
49003206830000
49003206840000
49003203520000

Forest Oil-Gws 1
Fox 1
G Easton 8
General Drew 4-1
Govt 1
Govt 1
GOVT 16-22
Govt-Einarsen 1
Govt-Young 1
H Peterson 2
Herron Gulch 2
Hinkley 1
Hoya 43x-25
Huckabay LTD
Kenetta Govt 1
Kinney Coastal 73
Kinney Coastal 86
Kinney Coastal 97
Kinney Coastal Ohio
13A
Kinney Coastal Ohio 37
Lamb-Federal 1-12
Lite Butte - Federal 2
Lite Butte - Federal 3
M D Tolman 1
Manderson 32-19l
Manderson Unit F-2328-P
Mapco State D02367
MC Dermott Gulch
Michaels Ranch 20-1
Mineral 23x-25
Minerals 42x-34
Mischler Badger 2

Wildcat
Wildcat
Deaver
Wildcat (Greybull
Area)
Wildcat
Sage Creek
Garland
Wildcat
Wildcat
Torchlight
Wildcat
Lamb anticline
Wildcat
Byron
Wildcat
Wildcat
Wildcat
Wildcat
Torchlight
Garland
Garland
Garland
Garland

16-49N-91W
19-50N-90W
17-51N-96W
25-50N-90W
34-49N-90W
25-56N-97W

West Bonanza
Wildcat
Wildcat (Otto Area)
Wildcat
Wildcat
Byron

72

71
72
73

49003206740000
49003203160000
49003209200000

74

49003206200000

75

49003206240000

76
77
78

49003205610000
49003204900000
49003207660000

Mischler Badger 4
Northeast Otto-Fed 1
Nowood River Unit 131
Nupec Lamb Federal 11
Nupec Lamb Federal 12
Occidental 6
Partridge 31-12
Pearce 1-35

79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106

49003207080000
49003205790000
49003208160000
49003207710000
49003210080000
49003201830000
49003209880000
49003209350000
49003207550000
49003201670000
49003060220000
49003207180000
49003059190000
49003208060000
49003206660000
49003206790000
49003203120000
49003207200000
49003208390000
49003207850000
49003205390000
49003205730000
49003201840000
49003208790000
49003206810000
49003203670000
49003204580000
49003208730000

Pegasus-Federal 1
Predicament 1-31-3D
Prima-APC 21-1
Rags-Federal 1
Sage Creek 22
Sagebrush Creek 1
Sagebush State 12-47
Sagebush State 31-47
Saunders 1
Shell 5-26
Smith Vernon 6
Son of Sooner-Fed
State 1
State 1
State 1-17
Stephens 2
Stevens 1
Tarheel 13-5
Teegerstom 1
Thor State 1-37
Unit 13
Unit 18
Unit F-22-12-G
Unit Federal 1-7
USA 26-10
USA-David 1
Utah Southern 48
Utah Wyoming 9
73

30-56N-97W Byron
26-52N-95W Wildcat
31-49N-90W Wildcat
1-51N-93W

Lamb

2-51N-93W

Lamb anticline

25-56N-97W Byron
31-57N-96W Wildcat
35-50N-92W MandersonAinsworth
26-52N-92W Wildcat
31-50N-94W Wildcat
21-52N-93W Wildcat
21-49N-90W Wildcat
7-57N-97W Sage Creek
30-51N-91W Wildcat
36-51N-92W Sagebrush
36-51N-92W Wildcat
28-57N-97W Wildcat
26-57N-97W Homestead
33-56N-97W Garland
17-52N-91W Wildcat
16-55N-97W Bitter Creek Area
36-49N-91W Step Out
17-56N-97W Wildcat
31-56N-96W Byron
28-57N-96W Wildcat
5-51N-91W Wildcat
3-56N-96W Wildcat
37-55N-97W Wildcat
12-51N-93W Lamb anticline
29-55N-95W Alkalai Anticline
12-50N-93W Manderson
7-49N-90W Wildcat
26-57N-97W Homestead
35-50N-91W Wildcat
29-56N-97W Garland
33-56N-97W Garland

107
108
109
110
111
112
113

49003202510000
49003064270000
49003206500000
49003206720000
49003204800000
49003206480000
49003052270000

Vernon Smith 12
W Hoskins 4-B
Welsh 1-24
Willey C 3
Wilson 3
Wounded Knee Unit 1
Wycol 8

74

4-55N-97W
15-56N-97W
24-57N-97W
25-56N-97W
6-56N-96W
6-51N-93W
1-49N-92W

Garland
Byron
Wildcat
Byron
Sidon
Wildcat
Manderson
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Appendix E: Type Log Continued
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PLATE 1
Big Horn County Basemap
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PLATE 13: Cross Section Map
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