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ABSTRACT 

 

 

 This study investigates the stratigraphic, geochemical, and petrophysical 

properties of the Niobrara Formation in the North Park Basin. Recent exploration and 

production of the Niobrara in North Park has renewed interest in the petroleum system of 

the basin. This study aims to add to the knowledge of the Niobrara Formation in the 

North Park Basin, aiding in future hydrocarbon exploration. As part of this study, the 

Roaring Fork outcrop of the Niobrara was identified, measured, and described. The 

section was also logged by a gamma-ray scintillometer, and samples were collected for 

petrographic thin sections and pyrolysis analysis. Well logs from the basin were used to 

identify the Niobrara in the subsurface. The formation was divided into 8 units: the Fort 

Hays, basal chalk, lower marl, lower chalk, middle marl, middle chalk, upper marl, and 

upper chalk. These units were correlated across the basin and structure and isopach maps 

were constructed. Cuttings from eight wells from across the basin were collected and 

underwent pyrolysis and total organic carbon analysis. The results of the pyrolysis show 

that the Niobrara contains Types II and III kerogen. The Tmax values indicate that the 

Niobrara is immature to peak mature with respect to oil in different parts of the basin; a 

maturity map was constructed from these values. All of the Niobrara samples range from 

1-5% total organic carbon; most samples fall within the 2-3% total organic carbon 

interval. These total organic carbon values indicate a good to very good petroleum 

potential for the Niobrara. Using the gamma-ray, resistivity, sonic, density, and neutron 

porosity logs, computations for log derived total organic carbon content, porosity, and 

water saturation were calculated. Log derived total organic carbon approximations from 

the resistivity and sonic logs act as a good proxy in areas where no measured total 

organic carbon measurements are available, provided care is taken in identifying 

anomalous values, mainly in tight or very porous intervals. Porosity values from density 

and neutron logs range from 4-36%. The water saturation values in calculated wells range 

from 40-100%. These data are valuable to the ongoing evolution of the understanding of 

the Niobrara petroleum system in the North Park Basin.  
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CHAPTER 1 

 

INTRODUCTION 

 

The geology of the North Park structural basin has long been studied, beginning 

with mapping conducted by King (1878), F. V. Hayden (1873), and S. F. Emmons and 

Arnold Hague (1877) The area has been the location of petroleum exploration since 1912 

when the South McCallum anticline was drilled unsuccessfully. In 1925 the first 

discovery well was drilled on the North McCallum anticline and the Dakota Sandstone 

was the producing interval. Success on the South McCallum anticline, however, was 

delayed due to carbon dioxide and water production. In the 1950s, the Coalmont, 

Battleship, and Canadian River fields were discovered and developed mainly from the 

Dakota and Lakota intervals. In 1971, the Lone Pine Oil Field was discovered, producing 

substantial amounts of oil from the Lakota Formation, over 2.5MMBO, from a small 160 

acre area. Potential remains for the discovery of new fields in this basin. Complex 

structural traps may be numerous in the area, due to numerous periods of structural 

deformation and limited seismic and well data. Basin-centered hydrocarbon plays may 

exist. Also, stratigraphic traps in the Jurassic Entrada Sandstone may exist where it 

onlaps in the vicinity of the Rabbit Ears Range. In addition, traps created by thrusts, such 

as the Independence Mountain Thrust, remain largely untested. (Hembre and TerBest, 

1997; Oburn, 1966) 

The Niobrara Formation of the North Park Basin has recently received renewed 

attention for its petroleum potential. In 2007, EOG Resources drilled the #1-32H Buffalo 

Ditch discovery well in the Eclipse Field in the SE ¼ of the SE ¼ of Sec. 32, T7N, R80W 

which targeted the Niobrara. The concept utilizes horizontal well technology and 

multistage fracture stimulation (Rocky Mountain Oil Journal, 2009b). Through February 

2009, two wells have produced 36,669 barrels of oil, 40.4 mmcf gas, and 21,061 barrels 

of water (Colorado Oil and Gas Conservation Commission, 2009a). EOG has shot a 36 

square-mile 3D seismic survey and has plans to proceed with a nine-well test program. 

EOG estimates that on its acreage the reservoir of the Niobrara is 90-450 feet thick with 
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an average porosity of 3.5-6%, has an initial reservoir pressure of 3700 psi, and a bottom 

hole temperature of 210°F (Oil & Gas Journal, 2008). 

As outlined above, the petroleum system present in the North and Middle Park 

Basin has been productive in the past and has the potential for the discovery of new 

resources, both conventional and unconventional. A summary of this petroleum system 

has been compiled into a key events chart and is shown in Figure 1.1.  

 

Figure 1.1 Key Events Chart of North Park Basin. This chart was compiled by the author from 

numerous studies and reports on the petroleum history of the basin. (Hembre and TerBest, 1997; Newton, 

1957; Oburn, 1966), (Biggs, 1957; Carpen, 1957a, b; Grote, 1957; Saterdal, 1957), (Park, 1977; Wellborn, 

1977).  

 

 

1.1 OBJECTIVES AND PURPOSE OF RESEARCH 

 

The purpose of this study was to examine the stratigraphy of the Niobrara 

Formation and determine how this formation relates to the petroleum system located in 

the North Park Basin. Specifically, the source and reservoir rock potential of the Niobrara 

Formation has been analyzed. Data used in this study included measured sections, 

outcrop gamma-ray logs, petrographic thin sections from outcrop samples, geochemical 

analysis, and subsurface logs (Gamma-ray, Resistivity, Density, etc).  

 

 

1.2 Study Area Location 

 

The study area incorporates both the North and Middle Park areas located in 

Grand and Jackson Counties, North-Central Colorado (Figure 1.2). Both of these basin 
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areas are topographic basins, separated by intrusive rocks; together they represent one 

structural basin. For the purpose of this proposal, the basin will be referred to as the 

North Park Basin. The North Park Basin is located from Townships 1 South-12 North 

and Ranges 76-82 West. Outcrops of the Niobrara Formation are intermittently present 

on the margins of this basin. These exposures are limited due to both erosion and glacial 

cover. 

 
Figure 1.2 The location of the North and Middle Park Basins, Jackson and Grand Counties, North 

Central Colorado is outlined in red. (from Kinney and Hail, 1959) 

 

 

1.3 Geologic Overview 

 

The North Park Basin is a single structural basin, broken into two distinct 

topographic areas. Together they constitute an area that is about 100 miles long and 30 

miles wide. North Park is bounded by the Park Range on the west, the Independence 

Mountain Thrust on the north, the Medicine Bow Mountains of the Front Range on the 

east, the Never Summer Thrust on the southeast, and the Rabbit Ears Range on the south. 

Middle Park is bounded by the Park Range to the west, the Rabbit Ears Range to the 

north, the Front Range to the east, and the Williams River Mountains, and the Vasquez 
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Mountains to the south. These relationships are best seen in Figure 1.8, in Section 1.3.4 

on the structure of North Park. 

 

 

1.3.1 Stratigraphy 

 

As the basin coincides with the axial trend of the ancestral Rocky Mountains, the 

sedimentary rocks in the basin range from Permian to Quaternary as older units have 

either been eroded or were never deposited. These sediments reach maximum thicknesses 

of 17,000 feet (Hail, 1965). The rocks that lie on the Precambrian basement get younger 

from the Permian in the north to Cretaceous to the south (Tweto, 1957). The Permian 

through Jurassic rocks are predominately non-marine and collectively reach thicknesses 

of 1,400 feet (Stites, 1986). The Cretaceous interval of marine sandstones, limestones, 

and shales reach thicknesses of 6,000 feet. The Cretaceous Dakota Sandstone, Mowry 

Shale, Benton Shale, Frontier Sandstone, Niobrara Formation, and the Pierre Shale were 

deposited in the epicontinental seas of the Western Interior Seaway. Non-marine Tertiary 

units are up to 10,000 feet thick and represent basin fill deposits that are the result of 

adjacent uplifts of Laramide and post-Laramide tectonism (Stites, 1986). In addition to 

these sediments, Pleistocene glacial till and Holocene colluvial and alluvial material has 

been deposited.  

The Arctic sea transgressed the Rocky Mountain Region beginning in the Early 

Cretaceous, setting the stage for the formation of the Western Interior Seaway. Units such 

as the Dakota Group and Frontier were deposited in transitional terrestrial to  marine 

environments at the margins of the sea. Sediment was supplied from both the eastern and 

western margins, and the supply from the west deposited the thickest successions. More 

shale rich units were deposited when the Arctic sea had joined the Gulf of Mexico over 

the transcontinental arch (Haun and Kent, 1965), creating one of the largest foreland 

basins in the world (Weimer, 1984). These units get progressively younger to the south as 

a result of the progressive encroachment of the Arctic Sea toward to the Gulf of Mexico. 

Numerous progradational and retrogradional sequences occurred during the Cretaceous 

resulting in the various units seen in the area.  
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The Niobrara Formation was deposited during the Coniacian (Weimer, 1984). It 

consists of intervals of calcareous chalk and organic-rich shale units. Within the 

Niobrara, four limestone intervals and three shale intervals are recognized, both in 

outcrop and on geophysical logs. In the North Park Basin and the Denver Basin the 

lowermost limestone is known as the Fort Hays Limestone and the rest of the units are 

grouped together as the Smoky Hill Member (Figure 1.3). The Fort Hays Limestone lies 

on an erosional surface above the units of the Carlile Shale through Greenhorn 

Formation; the upper boundary varies from an erosional to transitional contact with the 

overlying pelagic Pierre Shale (Weimer, 1984). Thickness variations and unconformities 

previously identified in the Niobrara Formation are interpreted to be the result of 

northwest movement of the American Plate, portions of the sea floor developing 

compression and uplift, and submarine scour during contemporaneous sea-level drop 

(Weimer, 1984). 

 

 

1.3.2 Past Stratigraphic Correlation 

 

The members of the Niobrara were deposited in the Denver Basin and correlations 

exist into other Rocky Mountain basins. The most recent published studies of the 

Niobrara are by Longman, Landon, and Luneau in 1998 and 2001. These papers 

characterize the nature and distribution of the Niobrara lithologies and their potential as a 

hydrocarbon source rocks throughout the Rocky Mountain region, including North Park 

Basin. These workers break the Niobrara Formation into eight members, based primarily 

on their chalk content. The units are described using the chalk to marl to shale definitions 

as seen in Figure 1.4 The following descriptions of the Niobrara interval summarizes the 

work of Longman et al. (1998) and Landon et al. (2001). 

The lowermost member of the Niobrara Formation is the Fort Hays Limestone 

(N900 in Figure 1.5). It is generally a tan to light gray, bioturbated chalk with shaly, 

microstylolitic interbeds. The chalk beds generally range from 0.5-5 feet thick, with an 

average thickness of 2 feet, while the shaly partings are typically 0.5-2 inches thick. The 

entire Fort Hays ranges in thickness from less than 10 feet (in SE Wyoming) to upwards 
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Figure 1.3 Generalized stratigraphy of the North and Middle Park Basin  

(from Stites, 1986 after Hail, 1965; Weimer et al., 1986) 
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 of 120 feet (in New Mexico). In the North Park Basin, the thickness of the unit ranges 

from about 10-40 feet thick, although it is notably less rich in carbonate. The Fort Hays 

has a finely crystalline carbonate matrix of disaggregated coccolith fragments with 

suspended skeletal fragments comprising mostly 

of planktonic foraminifer tests, oyster shell 

fragments, inocerimid shell fragments, and 

disaggregated calcite prisms. Chondrites, 

Planolites, Thalassinoides, Teichichnus, 

Zoophycos are important trace fossils present in 

the unit. The Fort Hays can be distinguished on 

wireline logs by a low blocky gamma-ray, a high 

resistivity, a convergence of the neutron and 

density porosity, and a high sonic response. 

The remaining portion of the Niobrara is known as 

the Smoky Hill member. It consists of alternating 

chalk and marl-rich units. These units are the basal 

chalk, lower shale, lower chalk, middle shale, 

middle chalk, upper shale, and upper chalk. 

The lower most part of the Smoky Hill 

member is the basal chalk (N850 in Figure 1.5). It 

is a light colored, bioturbated chalk and chalky marl interbedded with marl and marly 

shale. The basal chalk varies in thickness in the region from zero (in southeastern 

Wyoming) to over 180 feet (in the Raton Basin), and is 20-60 feet thick in North Park. 

The thickness of the unit is influenced by paleostructures in the area. Plantonic 

foraminifer tests and inocermid shell fragments are common while chalk pellets are 

present in the marl interbeds. The contact with the overlying unit is gradational, as can be 

noted by an upward increasing gamma-ray response.  

The next unit is the lower shale (N800 in Figure 1.5). It is a brownish-gray 

laminated marl with a slightly silty, clay matrix. Some chalky marl interbeds exist in the 

unit. It is characterized by flattened chalk pellets and, to a lesser degree, planktonic 

foraminifer. It ranges in thickness from zero to eighty feet across the Rocky Mountain 

Figure 1.4 Carbonate to Shale Spectrum. 

This spectrum, a simplification of Pettijohn 

(1975) is used by Longman et al. (1998) in 

their study on the Niobrara. 
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 region. A high gamma-ray response is noted in this unit. 

The lower chalk (N700 in Figure 1.5) overlies the lower shale. It is a brownish-

gray, wispy laminated, slightly burrowed chalky marl. It is mostly comprised of chalk 

pellets, usually 65-85%, but may also contain planktonic foraminifers and oyster and 

inocerimid fragments. The lower chalk is zero to seventy-five feet thick in the region, 

with a thickness of 10-65 feet thick in North Park. Thickness variations of this unit have 

been observed, characterized by northeast-southwest trending discontinuous lenses and 

pods of chalk-rich fecal pellets coined ñpilenpoopenò bars by Longman et al. (1998). The 

lower chalk is seen on gamma-ray logs by a three fingers response, indicating the 

presence of three main chalk beds. 

Above the lower chalk, is the 

middle shale (N500 in Figure 1.5). It 

is a dark olive-gray and wispy to 

parallel laminated to massive marl 

with medium to light gray bioturbated 

chalky marl beds. Planktonic 

foraminifer tests, oyster shells, 

inocermid fragments, and flattened 

chalk pellets can be observed in a 

clay matrix in the middle shale.  

The middle chalk overlies the 

middle shale. The middle chalk is 

composed of three units: two units 

predominately composed of chalky 

marl (N460 & N400 in Figure 1.5) 

separated by a dark-colored massive 

or parallel laminated marl with marly 

shale interbeds (N430 in Figure 1.5). 

Flattened chalk pellets, planktonic 

foraminifer, Inoceramus, and oyster 

fragments can be seen in the more 

Figure 1.5 Type log for the Niobrara Formation in the 

Denver Basin. (Longman et al., 1998) 
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chalk rich units while the marl units are composed of primarily flattened chalk pellets. 

The lowest has a more micritic matrix compared to the clay matrixes of the marl and 

upper chalk units. The upper chalk unit of the middle chalk is more varied than its lower 

counterpart. The lower chalk exhibits convergence on the neutron and density porosity 

logs, while the gamma-ray response is upward increasing through the middle chalk. 

 The upper shale (N200 in Figure 1.5) is stratigraphicly above the middle chalk. It 

is composed of dark massive marly shales to chalky marls. The unit is 30-500 feet thick 

through the region, with thicknesses from 30-100 feet within North Park. Flattened chalk 

pellets, oyster and Inoceramus shell fragments, pyrite framboids can be seen in the clay 

matrix of these shales and marls. The upper shale is typified by a high gamma-ray 

response.  

 The uppermost unit of the Niobrara is the upper chalk (N100 in Figure 1.5), also 

known as the Beecher Island Zone. It is a light tan, speckled, microporous chalky marl, 

that is massive with faint wispy laminae. Chalk pellets, planktonic foraminifer, 

Innoceramus fragments, oyster fragments are common in its micritic to clay matrix. The 

upper chalk is zero to fifty feet thick throughout the region, including North Park. 

 

 

1.3.3 Niobrara Formation Depositional Environment 

 

Carbonate deposition began after the complete flooding of the Hartville Uplift 

around 88.8 Ma, connecting the north and south arms of the Western Interior Seaway 

(Longman et al., 1998).This set up a counter-clockwise flow pattern from the ancestral 

Gulf of Mexico to the Arctic Sea (Slingerland et al., 1996). The warm southern currents 

allowed for the coccoliths and planktonic forams abundant in intervals of the Niobrara to 

be present. Throughout the overall deposition of the Niobrara, this overall marine 

transgression persisted, albeit with lower order fluctuations. Figure 1.6 shows a schematic 

of these transgressive-regressive cycles. The lower order cycles control the amount of 

current flow in the WIS. During the transgressive cycles, higher relative sea level allowed 

for more of the carbonate-rich waters from the south to invade the area of the WIS which 

is now Colorado. Four trangressive cycles occurred during the Niobrara cyclothem, 

resulting in the deposition of the Fort Hays, basal chalk, lower chalk, middle chalk, and 
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upper chalk intervals. Alternatively, during the regressive cycles, the currents from the 

south were reduced, and the southward flowing Arctic currents inhibited carbonate 

production and deposition.  Three regressive cycles took place during the Niobrara 

cyclothem, resulting in the deposition of the lower shale, middle shale, and upper shale 

intervals. In addition to the fluctuating current flows, a gradual deepening of the WIS 

resulted in time periods when bottom waters throughout parts of the WIS were anoxic, 

favoring the preservation of organic matter. Paleogeographic reconstructions of different 

time periods during the Niobrara cyclothem can be viewed in Figure 1.7.  

 

 

1.3.4 Structure 

 

This study primarily deals with the stratigraphy of the basin and less concerned 

with its structure. However, a basic understanding of the structural evolution and 

elements of the basin is essential. The North Park Basin is considered one of the most 

structurally complex Rocky Mountain intermontane basins (Wellborn, 1977). Three 

periods of deformation are known to have occurred in the basin during the late 

Cretaceous-Eocene, late Eocene, and Miocene-Pliocene (Hembre and TerBest, 1997).  

Figure 1.6 Cretaceous 

transgressive-regressive cycles. 

Four trangressive cycles and three 

regressive cycles occurred during 

the Niobrara cyclothem. The 

transgressive periods favored 

chalk-rich deposition, while 

regressive cycles favored more 

marl-rich deposition as a result of 

fluctuating current flow. From 

Longman et al, (1998) after 

Kauffman and Caldwell (1993), 

Obradovich (1993), and Barlow 

and Kauffman (1985) 



11 

 

 

 

Figure1.7 Paleogeographic Representations of the Niobrara Formation. A) Cross Section from Utah to 

Iowa. B) Overall Niobrara depositional trend. C) Paleoenvironmental setting during the deposition of the 

Fort Hays. D) Paleoenvironmental setting during the deposition of the lower marl. E) Paleoenvironmental 

setting during the deposition of the lower chalk. F) Paleoenvironmental setting during the deposition of the 

middle Chalk. G) Paleoenvironmental setting during the deposition of the upper marl. From Longman et al. 

(1998)  
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Northeast-southwest compressional forces of Laramide tectonism of late Cretaceous 

through Eocene time are responsible for most of the major deformational features (Lange 

and Wellborn, 1985). North Park Basin was formed during the Larimide as the 

surrounding mountain ranges, Front, Medicine Bow and Park Ranges, were uplifted. 

These ranges were all part of the Ancestral Rocky Mountain Highland. During late 

Eocene time, folds and north and northwest trending reverse faults resulting in tightly 

folded and even overturned and thrusts with thousands of feet of displacement (Wellborn, 

1977). During Miocene-Pliocene time, widespread volcanism and intrusion occurred, and 

is exemplified by the Rabbit Ears Range (Hembre and TerBest, 1997). The main 

structures present in the basin are summarized in Figure 1.8.  

Mountain ranges bound the North Park Basin. The Medicine Bow, Park, Never 

Summer, Williams River, Vasquez, and Front Ranges consists of Precambrian igneous 

and metamorphic rocks. These ranges form the boundaries of the basin. The Rabbit Ears 

Range separates North Park from Middle Park. This range is formed from intrusive and 

extrusive igneous activity. 

Folding associated with uplift of the surrounding mountain ranges is present in the 

basin. The major folds of the basin will be briefly discussed. Three named synclines are 

present in the area: the North Park, Walden, and Sulfur Springs synclines. The North 

Park syncline is an asymmetrical fold. Of the anticlines located in the basin, three are 

known for their petroleum traps: the McCallum, Battleship, and Coalmont anticlines. The 

McCallum anticline is broken into north and south components by a small saddle. Other 

anticlines present in the basin are the Elk Mountain, Sentinel Mountain, Spring Creek, 

Sand Creek, Sheep Creek, and Granby anticlines.  

Faults in the basin are a result of the uplifts that occurred in this region. The main 

faults that are located in this basin will be briefly summarized here. Oblique, dip-slip 

normal faults are present in the basin, including the Boettcher, Sheep Mountain, Delaney 

Butte, South McCallum, and Coalmont Faults. The Sentinel Mountain and Elk Mountain 

Faults are two of the reverse faults noted in the basin. Thrust faults present include the 

Never Summer-Stillwater-Vasquez Overthrust Zone, Mt. Bross-Buffalo Creek Thrust 

plate, Williams Range Thrust plate, Independence Mountain thrust, and the Central  
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Figure 1.8 Map of the main structural elements of the North and Middle Park Basin (modified after 

Haverfield, 1970; Lange and Wellborn, 1985)
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8. Sheep Creek Anticline 

9. Walden Syncline 

10. Elk Mt. Anticline 

11. Spring Creek Fault 
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12. North Park Syncline 

13. Coalmont Anticline 

14. Never Summer Thrust 

15. Hot Sulfur Springs 

Syncline 
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17. Vasquez Thrust 

18. Williams Range Thrust 
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Thrust Belt. The Spring Creek Fault Zone divides the northern third of the basin, where 

faulted anticlines prevail, from the southern third, where thrusting is predominate. 

 

1.4 Methods 

  

The first phase of this study involves the identification and interpretation of the 

Niobrara Formation and surrounding units in outcrop. An outcrop of the Niobrara was 

located in North Park and was measured; the lithology was described in detail. Samples 

were collected from each outcrop. These samples were used to create petrographic thin 

sections that were analyzed under a petrographic microscope to identify the constituents 

and to classify each sample. The samples were also used for pyrolysis and total organic 

carbon geochemistry analyses. The outcrop was also logged by a gamma-ray RS-125 

Spectrometer. This allows for the outcrop to be correlated to subsurface gamma-ray logs. 

 The next phase of this study investigated the Niobrara Formation in the 

subsurface. This work integrated data collected from the outcrop investigation, especially 

the outcrop gamma-ray readings, with subsurface well logs. The data for this project 

consist of digital and raster logs acquired from IHS and MJ Services under agreements 

with the Colorado School of Mines. The well logs were imported into the IHS GeoPlus 

Petra software through which the correlation of the subsurface well logs took  place. 

Important horizons of the Niobrara and other important formations were identified. These 

correlations are based on both previous correlations as well as the outcrop study. Contour 

and isopach maps of each of these horizons were constructed. Important rock properties 

were also evaluated across the basin as part of the subsurface study using petrophysical 

techniques. These properties include porosity, water saturation, total organic-carbon 

content, and maturity. The methods used in evaluating these properties include basic well 

log analysis (Asquith et al., 2004) and a technique developed by Passey et al. (1990) for 

calculating organic richness from porosity and resistivity logs. In addition to the well 

logs, geochemical data from subsurface cuttings was also used. These data have been 

obtained on the USGS Core Website and includes a study of eight wells in Jackson and 

Grand Counties by EOG in 2006. These wells have available data for bulk x-ray 

diff raction, total organic carbon, pyrolysis, and vitrinite reflectance for select intervals. 
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The methods for evaluating these data (and geochemical data from outcrop samples) are 

based on analysis techniques and guidelines outlined by Peters (1986), Langford and 

Blanc-Valleron (1990), and Peters and Cassa (1994). All  of the above data are used to 

interpret the Niobrara Formation. The role that the Niobrara plays in the petroleum 

system of the basin was evaluated, specifically the potential source and reservoir rocks. 

As a result of this study of the Niobrara, future exploration areas are suggested. 
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CHAPTER 2 

 

ROARING FORK OUTCROP STUDY 

  

The outcrop used in this study is located on the western margin of the North Park 

Basin and is exposed along the north side of Roaring Fork Creek in the se , se ,  Sec. 1, 

T8N, R82W; sw , sw ,  Sec. 6, T8N, R1W; and nw , nw ,  Sec. 7, T8N, R81W as 

shown in Figure 2.1. This outcrop was found by consulting past outcrop work in the basin 

(Stites, 1986) and geologic maps (RMAG, USGS). Other outcrops were investigated; 

however, exposure of the Niobrara is very limited in the basin as it is prone to erosion, 

and this exposure was deemed the best exposed. 

 

Figure 2.1 Location of Roaring Fork 

outcrop. The outcrop is located in the 

west central Jackson County, indicated 

here by the red diamond. The satellite 

image of the area shows the outcrop, 

highlighted in blue, along the north bank 

of Roaring Fork (Google Maps, 2010). 
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This outcrop totals about 300 feet in thickness. The outcrop represents portions of 

the Frontier, Carlile, and Niobrara Formations.  Fifteen samples were collected from the 

outcrop, at 20 foot intervals. Ten petrographic thin sections were prepared from these 

samples and were analyzed under a petrographic microscope to identify the constituents 

and the classification of each sample. The samples were also used for whole rock 

pyrolysis and total organic carbon geochemistry analyses. The outcrop was logged by a 

gamma-ray RS-125 Spectrometer, allowing for the outcrop to be correlated to subsurface 

gamma-ray logs. 

 

 

2.1 Measured Section, Lithologic Description, and Petrographic Thin Sections 

  

The measured section, lithologic description, and petrographic thin sections are 

compiled together in Plate 2.1. Figure 2.2 shows an example of the outcrop. The intervals 

seen in the outcrop are the Frontier Sandstone, the Carlile Shale, and the Niobrara 

Formation. Sub-units of the Niobrara present in the outcrop are the basal chalk, lower 

marl, lower chalk, middle marl, middle chalk, and the upper marl. The following sections 

present the observations seen in the outcrop by interval. 

 

 

2.1.1 Frontier Sandstone 

 

The section exposed begins in the Frontier Sandstone. The Frontier is a fine-

grained sandstone and is fossiliferous, containing shell fragments. The Frontier exposed 

in this outcrop is about 20 feet thick. The unit is composed of angular quartz grains with 

porous intervals between the grains.  

 

 

2.1.2 Carlile Shale 

 

The Carlile Shale lies above the Frontier Sandstone. This unit is composed mainly 

of shales, but chalk-rich intervals are interbedded within the unit. One such interbed is 
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seen about 15 feet above the Frontier measuring about a foot in thickness. This chalk bed 

had a very strong effervescence when a diluted HCl was applied. The unit is a grainstone 

composed of skeletal grains, including shells and foraminifera. Chalk units within the 

Carlile are limited. Above this chalk unit, the outcrop is covered for an estimated 

stratigraphic thickness of 250 feet until the next exposed unit of the Carlile. This unit is a 

gray calcareous shale intramicrite wackestone with thin laminae about 16 feet (exposed) 

thick and contains carbonate skeletal grains, including foraminifera.  

 

 

2.1.3 Basal Chalk 

 

 The Niobrara Formation lies above the Carlile Shale. The first unit of the 

Niobrara is the basal chalk. It is more resistant in the outcrop than the underlying shale 

unit. It is gray and calcareous, moderately effervescing to acid. The basal chalk is about 

15 feet thick in this outcrop and has thin layers present. 

 

 

2.1.4 Lower Marl 

 

 Above basal chalk is the lower marl. This unit is less resistant than the underlying 

chalk. It contains many bentonite layers, ranging from ¾ - 2 inches thick each. Overall, 

the lower marl is about 10 feet thick. 

 

 

2.1.5 Lower Chalk 

 

The lower chalk lies above the lower marl. It is about 25 feet in thickness. The 

lower chalk is a pelintramictite wackestone composed of many skeletal grains, including 

globigerinid planktic foraminifers with calcite-spar filled chambers.  
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2.1.6 Middle Marl 

 

Above this unit lies a more recessive gray, calcareous marl, the middle marl. This 

marl unit is about 70 feet think, though only about 30 feet thick are exposed in this 

outcrop. The marl is calcareous as the interval reacts strongly to acid. The units is 

laminated and is a pelmictite wackestone. 

 

 

2.1.7 Middle Chalk 

 

The middle chalk lies above the middle marl. In this outcrop, the middle chalk is 

about 100 feet in thickness. The middle chalk is mainly an intramicrite wackestone as the 

unit has skeletal grains within the matrix of the rock, including globigerinid planktic 

foraminifers with spar filled chambers. Intervals that are more pellet and marl-rich are 

interbedded within the chalk. The unit reacts moderately to acid. Bentonite layers, about 

½ to 1 inch thick each, are present in this interval. Portions of this interval are sandy and 

contain dark fossil fragments. 

 

 

2.1.8 Upper Marl 

 

 The upper marl is the last unit exposed in the Roaring Fork outcrop. About 50 feet 

of the marl is present. It is calcareous, with portions that react weakly, and others with 

moderate to strong effervescence. It contains some silty to very fine grains, and is 

classified as a pelmicrite wackestone. The pellets in this unit are flattened, most likely as 

a result of compaction. The exposure of this outcrop ends as intervals above this unit are 

covered.  
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2.2 TOC and Pyrolysis Data 

  

The 15 samples that were collected from the Roaring Fork outcrop were analyzed 

at the Colorado School of Mines using a Source Rock AnalyzerÊ. Figures 2.3 and 2.4 

summarize these data. A table of these data is compiled in Appendix A. Total organic 

carbon values ranged from 0.28 wt% (Frontier) to 3.14 wt.% (lower shale). All of the 

samples, excluding the Frontier, have TOC values above 1 wt. %; the majority of the 

Niobrara samples are above 2 wt. %, and have good to very good hydrocarbon potential. 

However, the S1 values range from 0.01 - 0.30 and indicate poor hydrocarbon source 

potential zone. The S2 values range from 0.08 (Frontier) to 10.57 (basal chalk). Most of 

the samples are in the fair to good hydrocarbon source potential interval; three of the 

samples, including two in the Frontier, are in the poor petroleum potential range. When 

plotted on a modified van Krevelen diagram, the samples plot between the Type II and 

Type III lines. The HI values of the samples rank as Type III, mixed Type II and III and 

Type II kerogen. The S2/S3 values are variable and range from Type I to Type III 

kerogen. When TOC is plotted against S2, the samples plot as Type III, mixed Type II 

and III, and Type II kerogen. Based on the interpreted marine depositional environment 

of this interval, it is expected that a mixture of Type II and Type III would be present.  

These data from the pyrolysis support this expectation.  

 In order to evaluate the maturity of the interval sampled, the Tmax values must be 

used as no vitrinite reflectance or thermal alteration index data were analyzed for this 

well. The Tmax values for the outcrop samples range from 383-458°C, with an average 

of 423°C. These values indicate that the samples are immature for oil generation. The 

production index (PI) values for the Niobrara samples range from 0.02 to 0.07. This 

indicates that all of the samples are immature. These both support the conclusion that the 

interval tested has not reached maturity. This maturity represents the maximum thermal 

maturation the samples have undergone, and are not necessarily representative of the 

present heat flow conditions. 
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Figure 2.3 Geochemical Log of the Roaring Fork Outcrop. TOC (wt. %), S2 (mg HC/g rock), HI, 

S1/TOC*100, and Tmax calculated vitrinite reflectance are presented. 
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Figure 2.4 Geochemical Graphs of the Roaring Fork Outcrop samples. From Top to Bottom: Modified 

van Krevelen diagram HI vs. OI, Kerogen Type and Maturity Tmax vs. HI, Kerogen Quality TOC vs. S2, 

HI vs. S2, TOC vs. HI, TOC vs., OI, and Kerogen Conversion Maturity Tmax vs. PI. 

 

Krevelen 
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2.3 Outcrop Gamma-ray Log 

  

The Roaring Fork outcrop was measured with a portable GR spectral 

scintillometer. This provides readings of the total radioactivity as well as a breakdown of 

the amount derived from potassium, thorium, and uranium of each interval tested. 

Readings were taken every 2 feet, with each measurement taking 120 seconds. These 

gamma-ray readings are useful in that they can be used as an aid in determining lithology 

and correlating, in this case, from an outcrop to the subsurface. When analyzing spectral 

GR in mudrocks, potassium is associated with clay minerals and feldspar, uranium is 

associated with organic matter and phosphates, and thorium is associated with heavy 

minerals and volcanic ash (Bohacs, 1998). 

The total and spectral gamma-ray logs for the Roaring Fork outcrop can be seen 

in Figure 2.5. The potassium and thorium curves appear to be tracking each other. This 

allows for the variations in the uranium curve to have a greater effect on the total GR 

curve. As the uranium curve is associated with organic matter, and one would expect, in 

the context of the Niobrara Formation, that more organic matter would be present in the 

more marl-rich intervals when compared to more chalk-rich intervals. This allows for use 

of the GR curves in identifying these alternating chalk-rich and marl-rich intervals in the 

Niobrara. 

In order to correlate the units seen in the outcrop to those in the subsurface, the 

outcrop gamma-ray readings were compared to gamma-ray readings from a well. The 

well used in this correlation is Federal 32-1, located about 9600 feet from the location of 

the outcrop. The comparison of the logs can be seen in Figure 2.6. The lower GR 

readings in the Frontier sandstone correlate to the lower readings from the lowest portion 

measured in the outcrop. At the base of the main portion of the measured section, lower 

gamma-ray readings can be correlated to the basal chalk. Above this unit, the GR 

readings increase in the lower marl. Next, the readings begin to lower, and the unit is 

interpreted to be the lower chalk. Above this, the outcrop was too weathered to measure 

the GR in all but two spots; it is inferred from these somewhat higher readings that this 

interval is the middle marl. Above the middle marl, the lower GR readings indicate the 

presence of the middle chalk. The more marl-rich interval within the middle chalk can be  
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Figure 2.5 Gamma-ray Logs from the Roaring Fork 

Outcrop. A graphical representation of the measured section 

is seen in the left most track and the total gamma-ray log in the 

next track. The spectral gamma-ray logs are shown together in 

the 3rd track, and separate in tracks 4 and 5. Uranium (ppm) is 

shown in purple, Thorium (ppm) in green, and Potassium (%) 

in orange. 
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seen as the GR readings increase, and then track back down as the interval returns to 

being chalk rich. Above the middle chalk, the GR readings begin to increase; this interval 

is interpreted as the upper marl. The measured section and gamma-ray readings end in the 

upper marl. 

 

 

 

 

 

  

 

 

Figure 2.6 Comparison of the GR from the Roaring Fork Outcrop to Federal 32-1. The outcrop and 

well are about 9600 feet away from one another. An extended cross-section can be seen on Plate 3.1 in D-

Dô. 
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2.4 Summary and Discussion 

 

 The Roaring Fork Outcrop of the Niobrara was analyzed as part of this study. In 

addition to a measured section, petrographic thin sections were created and pyrolysis 

analysis was performed from samples collected in the field. An outcrop gamma-ray log 

was also created. The measured section and thin sections (Plate 2.1) provide detail on the 

lithology of the Niobrara, including that portions of the Frontier, Carlile, basal chalk, 

lower marl, lower chalk, middle marl, middle chalk, and upper marl are present in the 

outcrop. The pyrolysis data show that the samples most likely contain Types II and III 

Kerogen and were deposited in a marine environment. TOC measurements on the 

samples reveal that most samples have at least 1 wt.%, and most contain more than 2 

wt.% TOC, rating as a good potential source rock. Hydrogen indices of the samples range 

from 200-400. The samples are thermally immature, but would generate oil and gas upon 

generation. The outcrop gamma-ray log provided a means to tie the outcrop to the 

subsurface. This also provides a level of lithologic control to the subsurface stratigraphic 

interpretation.  

 



29 

 

CHAPTER 3 

 

STRATIGRAPHY 

 

 Although studies on the stratigraphy of the Niobrara Formation have been 

published, none have provided a detailed description of Niobrara sediments in North Park 

Basin. This chapter explains the methodology in the identification of the stratigraphic 

intervals, presents structural maps, and details the stratigraphic characteristics of each 

unit described.  

 

3.1 Stratigraphic Correlation Methods 

 

 Stratigraphic correlations in this thesis were performed using IHS Petra
TM

 

software. Wells with log data within the Niobrara units were used. Figure 3.1 shows the 

location of the wells used and regional cross-sections presented in this study. The log 

data included, but were not limited to, gamma-ray, resistivity, density, spontaneous 

potential, and sonic logs. The majority of these logs were in raster image form. The 

digital logs that were used were digitized by the author. Regrettably, there are no core 

data from the Niobrara interval in North Park available to the public, and thus, none has 

been used in this study to compare with the log data. The type log presented in this 

chapter is located at the intersection of the B-Bô and D-Dô cross-sections.  

 

3.2 Correlated Intervals 

 

Ten intervals were correlated based on the log character of the Niobrara interval. 

These intervals are, in ascending order, the Frontier Sandstone, Carlile Shale, Fort Hays 

Limestone, basal chalk, lower marl, lower chalk, middle marl, middle chalk (the middle 

chalk is further subdivided into two chalk units, divided by a marl unit), upper marl, and 

upper chalk. These tops are based primarily on the work done by Longman et al. (1998) ; 

however, the term marl is used instead of shale in order to reflect the calcareous nature of  



30 

  

Figure 3.1 Location of Wells and Cross Sections. Location of the 240 wells used in identifying 

intervals in this study. The location of the six regional cross-sections presented in this study is shown in 

black. Two north-south sections, A-Aô and B-Bô, and four east-west sections, C-Cô, D-Dô, E-Eô, and F-

Fô. These cross-sections can be seen in Plate 3.1. Precambrian surface outcrops are shown in pink. 

Tertiary intrusive surface outcrops are shown in orange. Both the Precambrian and Tertiary intrusive 

units act as constraints on the presence of the Cretaceous interval in the region. 
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the interval. The work of Longman et al. (1998) is summarized in the stratigraphy section 

of Chapter 1 of this thesis. 

The characteristics of these units on well logs can be seen in Figure 3.2, a type-

log from USA 32-2-1 located in the eastern region of the North Park Basin, just north of 

the Spring Creek Fault Zone. The well is part of both cross-sections B-Bô and D-Dô. 

Starting from the base of the type log, the Frontier Sandstone is identified by its low 

gamma-ray (GR) and high resistivity (RES) log response. The overlying Carlile Shale is 

identified by lower RES and higher GR responses than the Frontier. The Fort Hays, 

located at the base of the Niobrara, is indicated a low blocky gamma-ray, a dramatically 

higher resistivity than in the Carlile, a convergence of the neutron (NPHI) and density 

(DPHI) porosity logs, and a high sonic response. The basal chalk of the Smoky Hill 

Member is similar to the Fort Hays, but is recognized by a higher, less clean GR 

response, a lower, less consistent RES response, and a lack of convergence of the NPHI 

and DPHI logs. The lower marl is distinguished by a higher GR and lower RES response 

when compared to the units above and below it.  The lower chalk is indicated by a 

decrease in GR values. The overlying middle marl is noted by higher GR and lower RES 

curve values. The middle chalk is broken into three units; a lower chalk, a marl, and an 

upper chalk. The lower chalk is indicated by a low GR and a high RES response, and a 

convergence of the NPHI and DPHI logs. The marl unit of the middle chalk is 

characterized by a higher GR and a decrease in the RES response. The upper chalk is 

similar to the lower chalk, but is more varied and has a higher GR response (but lower 

than the separating marl) and lower RES values. The upper marl is recognized by an 

increase in GR and a decrease in RES. The top of the Niobrara (also the top of the upper 

chalk) was picked where the resistivity curve values dramatically drop off. The upper 

chalk interval also contains lower GR values than the marl it overlies.  

Many cross sections were constructed throughout the interpretation work 

completed in this study. In this report, only cross-sections representing the regional 

nature of the units are shown. These regional cross sections include two north-south 

sections, A-Aô and B-Bô, and four east-west sections, C-Cô, D-Dô, E-Eô, and F-Fô and 

may be viewed together on Plate 3.1.  



32 

 

 

 

  

Figure 3.2 Type Log. Type log for the Niobrara Formation in the North Park Basin. Gamma-ray 

response in combination with Resistivity, Density Porosity, Neutron Porosity, and Sonic Logs from well 

USA 32-2-1. 

FORT HAYS 

FRONTIER 
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3.3 Frontier Sandstone 

 

The Frontier Sandstone is composed of thin-bedded, ripple-laminated sandstone 

and shaly interbeds with calcareous cement. The Frontier was deposited in both marine 

and non-marine environments. The Frontier Sandstone is identified by its low gamma-ray 

and high resistivity log response. It is a very distinctive marker bed throughout the study 

area. Only the top of the Frontier was picked on well log interpretation for this study, 

and, as a result, an isopach of the unit cannot be constructed. However, a structure map, 

Figure 3.3, of the top of the Frontier Sandstone is important as the units studied in this 

thesis overlay the Frontier. 

This structure map indicates the subsea depth of the top of the Frontier. The 

formation generally dips into the center of the basin. North of the Spring Creek Fault 

Zone, which separates the northern third of the basin from the rest, there is no major 

faulting, and the Frontier dips away from the margins of the basin. South of the Spring 

Creek Fault Zone the presence of at least one major fault can be seen. This fault is 

indicated by the shallow wedge of the Frontier in the center of the basin.  Further south, 

in Grand County, the number and coverage of wells is limited, and thus, evidence 

supporting the previous interpretation of the numerous thrust faults is inadequate to 

confirm or contradict their presence. Though the elevation data from the Frontier 

Formation are not present to support these interpretations, the presence of these faults is 

not unreasonable as previous outcrop mapping and gravity data support them. 

 

3.4 Carlile Shale 

 

 The Carlile Shale conformably overlies the Frontier Sandstone. It is 

composed of siltstone, shale, sandstone, and limestone deposited under marine 

conditions. The Carlile Shale is identified on well logs by low resistivity and high 

gamma-ray responses. The thickness of the Carlile Shale in the wells studied ranges  
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Figure 3.3 Structure Maps on top of the Frontier. The color bar of the contour lines ranges from -3000 

(purple) to 10,000 (red) feet in relation to sea-level, as seen in the upper right corner of the map. The 

contour interval is 500 feet. Precambrian surface outcrops are shown in pink. Tertiary intrusive surface 

outcrops are shown in orange. Both the Precambrian and Tertiary intrusive units act as constraints on the 

presence of the Cretaceous interval in the region. 
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between 45 and 720 feet, and averages about 250 feet thick. The thickness of the Carlile 

Shale is generally uniform. However, a few areas do show thickness variations. A portion 

of the Carlile interval was eroded in two wells in the center of the basin, resulting in a 

thinner area. In Grand County in the south of the basin, the Carlile thickens from east to 

west; however, the number and coverage of wells is sparse in this area and many faults 

are believed to be present causing the trends seen to be of limited confidence.  

A structure map of the Carlile Shale was constructed in Figure 3.5. This structure 

map is very similar to the structure map of the Frontier. The regions that are the deepest, 

mainly in the center of the basin, are the same. The thrust fault in the center of the basin, 

south of the Spring Creek Fault Zone, is also present at the Carlile interval. 

 

 

3.5 Niobrara Formation 

 

 The Niobrara Formation overlies the Carlile Shale in the study area. It is 

composed of alternating marl-rich and chalk-rich intervals. The Niobrara Formation 

ranges from 250 to 1100 feet in thickness in North Park and averages 475 feet thick. The 

Niobrara has historically been broken into two members, the Fort Hays and the Smoky 

Hill Members. In this study, the Smoky Hill has been further subdivided into 7 intervals 

based on their log character, mainly the GR and RES log responses. The following 

sections will discuss each of these intervals in detail. An isopach map of the total 

Niobrara is shown in Figure 3.6. The total Niobrara interval seems relatively uniform in 

thickness, but a thickening to the north is present. 

 

 

3.5.1 Fort Hays Limestone 

 

 The Fort Hays Limestone lies at the base of the Niobrara Formation and overlies 

the Carlile Shale. This contact, as noted in Kansas, Wyoming, and eastern Colorado by 

Weimer (1984) is sharp and is a regional unconformity. The Fort Hays is a tan to light 

gray, bioturbated chalk with shaly, microstylolitic interbeds. The Fort Hays interval is 
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 Figure 3.4 Isopach Map of the Carlile. The color bar of the contour lines ranges from 0 (purple) to 500 

(red) feet, as seen in the upper right corner of the map. The contour interval is 25 feet.  
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Figure 3.5 Structure Map on top of the Carlile. The color bar of the contour lines ranges from -3000 

(purple) to 10,000 (red) feet relative to sea-level, as seen in the upper right corner of the map. The contour 

interval is 500 feet.  


















































































































































































