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ABSTRACT 

 

  Interest in unconventional petroleum potential of the Late Cretaceous 

Greenhorn and Graneros formations has drastically increased due to success of many 

producers in the stratigraphically higher, but mineralogically similar Niobrara Formation.  

Previous Greenhorn and Graneros research has mainly focused on depositional cyclicity 

and stratigraphic controls rather than describing hydrocarbon potential within these two 

intervals.  The focus of this study is to examine petroleum potential of these two organic-

rich formations within the greater Wattenberg area of the Denver Basin. 

 The two formations represent regional transgression in the Cretaceous Western 

Interior Seaway where large amounts of organic-rich calcareous sediment were deposited 

throughout much of the North American Mid-Continent.  The ratio of carbonate to 

siliciclastic sedimentation increased as the transgression took place and water depths 

deepened, resulting in the lower Graneros Formation predominantly consisting of shales 

and marls and the higher Greenhorn Formation mainly consisting of marls and chalks.  

Geochemical analysis of organic-rich shales and marls within the two source units 

(Graneros Formation and Hartland Member of the Greenhorn Formation) indicate that 

significant amounts of hydrocarbons have been generated within the study area.  Several 

unconventional chalk reservoirs of the Greenhorn Formation (Lincoln and Bridge Creek 

members) have been influenced by this generation resulting in hydrocarbon 

accumulations. 
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 Data from log-derived total organic carbon (TOC), Type I shows from formation 

drill stem tests (DTS’s), geochemical analyses, and geological characterization of the 

units with the study interval, together indicate that source rock maturation and 

hydrocarbon accumulation has taken place within the Greenhorn and Graneros 

formations in the study area.  The Lincoln Member of the Greenhorn Formation is 

considered to have the highest petroleum potential to yield hydrocarbons within the study 

interval.  Numerous Type I shows within this unit proves that accumulations exist.  Low-

angle shear fractures provide well bore deliverability as well as a migration pathway 

between source and reservoir rock,  and geochemical analyses show the presence of both 

oil and gas in the study area.   

 Current horizontal drilling and multi-stage hydraulic stimulation technologies 

allow the Lincoln Member of the Greenhorn Formation to be a viable and likely reservoir 

target in and around the greater Wattenberg area. 
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CHAPTER 1 

INTRODUCTION 

 

The Wattenberg Field has been a reliable, economic hydrocarbon producer since 

its discovery by Amoco in 1970.  Numerous productive horizons have now been 

discovered throughout the extent of the field including both conventional and 

unconventional hydrocarbon accumulations.  Historically the main reservoir targets have 

been the Cretaceous Muddy (J), Codell, Terry, Hygiene sandstones and the Niobrara 

limestones.  Due to an increase in horizontal drilling and hydraulic fracture technology, 

exploration and production focus has started to shift towards unconventional 

accumulations within the Niobrara Formation (Weimer and Sonnenberg, 1983; 

Sonnenberg and Weimer, 1993; Higley et al., 2003).  This study investigates the 

unconventional resource potential within the organic-rich Greenhorn and Graneros 

formations which are adjacent to already known productive zones within the greater 

Wattenberg area (GWA; Figure 1.1).  

Although the two formations are known to be mature and organic-rich, they have 

been largely ignored within the area due to low resistivity responses and lithologies that 

are unfavorable for vertical production (i.e. thin carbonates interbedded with tight shales; 

Hattin, 1975, Kauffman, 1977, Pratt, 1981, Weimer, 1996).  Despite a lack of emphasis 

on exploration of these two intervals, they undoubtedly have a high potential to yield 

economic hydrocarbon accumulations due to recent advances in drilling and completion 

technology.   



2 
 

 

Figure 1.1  Stratigraphic column of productive Cretaceous intervals within 

the Greater Wattenberg Area.  The Greenhorn and Graneros  formations 

lie directly between two currently productive systems.  The focus of the 

study is to provide evidence of the petroleum potential for Greenhorn and 

Graneros formations.  Typical depths throughout the study area are noted 

to the right of each formation  (modified from Sonnenberg, 2011). 
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1.1 Objectives and Purpose 

Production from the Greenhorn and Graneros formations is extremely limited 

despite having been penetrated by thousands of wells.  Although limited, production and 

formation test data does indicate future potential unconventional hydrocarbon production.  

The objective of this study was to locate and identify optimal areas for likely 

hydrocarbon production within the Greenhorn and Graneros formations.  Thousands of 

re-completion candidates, as well as new vertical and horizontal well locations exist 

within the study area for this stratigraphic interval.  This study identifies locations that 

possess the key variables that are commonly associated with economic hydrocarbon 

production based on petrophysical log interpretations, core and outcrop analysis, well 

cutting, and drill stem test (DST) data. 

 

1.2 Study Area 

The study was conducted in the greater Wattenberg Area (GWA) of northeast 

Colorado.  The GWA contains the cities of Fort Collins and Greeley, Colorado and the 

northeastern portion of Denver, Colorado and is defined in this study as the area included 

between townships 2S through 7N, and ranges 61W through 69W (Figure 1.2).  Weld, 

Adams, Boulder, and Larimer counties are included in the study area while the eastern 

boundary runs adjacent to the western border of Morgan County.  It is assumed, that 

thermal maturation and hydrocarbon generation has occurred in this area due to the 

presence of abnormal geothermal gradients from vitrinite reflectance data, and economic 

production from adjacent formations (Meyer and McGee, 1985; Weimer et al., 1986).   
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The western boundary of the study area is limited by steeply dipping sedimentary 

beds due to the Laramide Orogeny, which lie on igneous and metamorphic basement 

rocks (Weimer, 1960).   

Boundaries for the study were selected in order to contain basin-centered/ 

pervasive oil and gas accumulation associated with the geothermal anomaly within the 

Wattenberg Field (Meyer and McGee, 1985; Higley and Gautier, 1988; Zhao, 1996; 

Higley et. al, 2003, Sonnenberg, 2011; Figure 1.3).  It is believed the most likely 

occurrence of economic accumulations of unconventional thermogenic oil and gas has 

been created in local association to the Wattenberg “hot spot.”  Therefore, it is predicted 

that the study area will contain the best unconventional reservoir targets in the Denver 

basin.   This concept can be seen in the stratigraphically higher Niobrara Formation 

which is a self-sourced reservoir target in the GWA and serves as an analogue to the 

Greenhorn and Graneros formations (Arthur et al., 1985; Weimer et al., 1986, 

Sonnenberg, 2011). 

Mature source rocks within the stratigraphic interval of interest most likely extend 

beyond the northern and southern extents of the GWA, but will not be included in this 

study.  Suggestions and recommendations concerning additional study areas where 

probable hydrocarbon generation and accumulation has occurred are discussed in Chapter 

6 of this thesis. 
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Figure 1.3  Map of residual magnetic intensity and vitrinite reflectance data (white text 

next to well symbols) within the study area (red outline and shading).  Faults can be 

seen trending in a northeast direction.  Note high vitrinite data points near center of the 

GWA (Blue arrows; modified from Weimer, 1996; Higley and Gautier, 1988; Higley et 

al., 2003). 
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1.3 Research and Methods  

Research methods for this study consist of petrophysical analysis of open-hole 

wireline well logs, source rock analyzer (SRA) measurements of well cuttings and core 

samples, outcrop and core descriptions, and analysis of DST recoveries.  Petrophysical 

techniques used to determine reservoir and source rock characteristics were applied to the 

Greenhorn and Graneros formations in the study area using logs provided through the 

Niobrara Consortium at the Colorado School of Mines.  This project documents evidence 

as to where probable unconventional hydrocarbon accumulations occur within the GWA. 

 The structural and stratigraphic frameworks of the individual members of the 

Greenhorn and Graneros formations were determined from petrophysical log analyses.  

Formation tops were established from log responses that were determined to be specific 

to each member of the two formations according to observations made by the author.  

These tops were used in constructing and calibrating the stratigraphic, structural, 

resistivity, DST recovery, porosity, maturity, and production maps which provide a better 

understanding of the controlling factors pertaining to the petroleum system of the 

Greenhorn and Graneros formations. 

 

1.3.1 Digital Wireline Logs 

A digital well database with a total of 94,000 wells was provided through the 

Colorado School of Mines Niobrara Consortium.  Well information within this database 

included general well data, well locations, digital and raster logs (if available), and DST 

information.  1,459 digital well logs were analyzed and used to determine geometries of 
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the different stratigraphic members of the two formations within the study area (Figure 

1.4).  Logs used to determine tops included gamma ray, resistivity, density porosity,  

Figure 1.4  Map of the GWA (red outline) which show location of Aristocrat Angus 

12-8 core (Sec.8, T3N, R65W; blue circle), locations of well cuttings (blue 

triangles),  Lykins Gulch outcrop (purple square), and well-control locations (wells).  

City boundaries (yellow) and interstate highways (black) are shown. 
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neutron porosity, sonic velocity, and bulk density.  In areas with limited digital well logs, 

raster logs were retrieved from the Colorado Oil and Gas Conservation Commission 

website and added to the database.  These logs were then digitized in order to ensure 

sufficient well control throughout the entire study area.  However, in urban environments 

in and around the Denver area, limited well logs are available. 

The Passey Method was used to determine log-derived TOC values throughout 

the study area (Passey et al., 1990).  These log-derived calculations were calibrated to 

geochemical data collected from the Aristocrat Angus 12-8 (Sec.8, T3N, R65W) core in 

order to accurately determine equation variables.  Thermal maturation from log-derived 

TOC values is based on the assumption that source-rock intervals throughout the study 

have an even distribution of original TOC.  Therefore, any variability in TOC values 

would indicate a difference in thermal generation. 

Log-derived TOC values can be determined based on relationships between deep 

resistivity values and either sonic velocity, bulk density, or neutron porosity values 

(Passey et al., 1990).  The relationships between resistivity and bulk density were used in 

this study due to the highest number of wells containing this combination of well logs. 

The two curves were overlain and baselined (scaled to track on top of one 

another) in a fine-grained, non-source rock interval.  This occurred where the two curve 

responses directly mirror one another over a certain depth range.  The separation of the 

two curves (Δ log RDensity) represents organic-rich source intervals and is directly related 

to TOC since the level of organic metamorphism (LOM) was identified from core  
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Figure 1.5  Log of Aristocrat Angus 12-8 (Sec.8 T3N R65W) with Δ Log RDensity 

shaded in light red.  The log-derived TOC curve calculated from the Passey equations 

is shown with measured TOC values from the Aristocrat Angus 12-8 core and show a 

good relationship with calculated and measured values within source rock intervals 

(Graneros Formation and Hartland Member of the Greenhorn Formation). 
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analysis (Figure 1.5).  The algebraic expression for the calculation of Δ log RDensity from 

density/resistivity overlay is represented in Equation 1.1. 

Δ log RDensity = log10 (Resistivity/Resistivitybaseline) – 2.5 x (ρb-ρbaseline)                                (1.1) 

Where Δ log RDensity is the curve separation measured in logarithmic resistivity 

cycles, resistivity is the deep resistivity value measured in ohm-m by the logging tool, 

resistivitybaseline is the resistivity value in baseline non-source rock (2 ohm-m), ρb is bulk 

density measure in g/cm
3
 by the logging tool, and ρbaseline is bulk density value measured 

in baseline non-source rock (2.61 g/cm
3
).  Baseline values were figured for the Aristocrat 

Angus 12-8 but will vary from well to well. 

 The empirical equation for calculating TOC from Δ log Rdensity is represented in 

Equation 1.2. 

TOC = (Δ log RDensity) x 10
(2.297 - 0.1688 x LOM)

                                                                  (1.2)

 Where TOC is total organic carbon, Δ log RDensity is curve separation measured in 

logarithmic resistivity cycles, and LOM is level of organic metamorphism. 

 In order to extrapolate the log-derived TOC curve calculated for the Aristocrat 

Angus 12-8 to other wells throughout the Denver basin, the LOM variable in Equation 

1.2 was determined based on maturity levels at each well location.   LOM contours were 

determined from previous maturity models based on several Lower Cretaceous rock units 

and also from calibrations made from geochemical analysis conducted in this study 

(Higley et al., 1992; Aldy, 1994).  Specific LOM values figured for each well are based 

off of LOM contours in Figure 1.6.  Only wells with full sections of the Hartland Member 

of the Greenhorn Formation and the Graneros Formation were used for TOC  
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Level of Metamorphism 

Figure 1.6  Map of LOM contours used to determine TOC values in Equation 1.2, along 

with wells used in TOC mapping.  C.I=.5 (modified from Higley et al., 1992). 
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mapping.  TOC map values are based off the average log-derived TOC values throughout 

the specified interval.  Since a relationship exists between TOC and thermal maturity in 

organic-rich rocks, these maps are also used to interpret maturity and hydrocarbon 

generation windows.  An LOM of 7 represents the onset of oil generation, and an LOM 

of 12 corresponds to the onset of overmaturity for oil-prone kerogens located within the 

Hartland Member of the Greenhorn Formation and the Graneros Formation (Passey et al., 

1990).   

IHS PETRA database management software was used to manipulate and maintain 

the well database for the project.  All original maps, cross-sections, and logs were created 

with the use of this software.  

 

1.3.2 Outcrop 

A measured section along with field gamma ray spectroscopy was made for an 

outcrop located in Lykins Gulch near Lyons, Colorado (Figure 1.7).  The outcrop is 

located just north of Boulder, Colorado and lies under Boulder County Open Space land 

regulations.  Full exposures of the Fort Hays, Codell, Carlile, and the upper part of the 

Greenhorn formations occur on the westward face of the canyon wall (Figure 1.8).  Cliff 

faces are heavily weathered and consist of loose colluvial material as well as very soft 

sediment which made it challenging to traverse and safely analyze parts of the outcrop.  

The author cautions future researchers to use care when studying this outcrop. 

A measured section was completed for the Lower Codell, Carlile, and Bridge 

Creek Member of the Greenhorn Formation.  The Bridge Creek Member is clearly  
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exposed at this location although the Hartland Shale and Lincoln Limestone Members of 

the Greenhorn Formation as well as the Graneros Formation are covered by several feet 

of vegetated soil.   

Gamma ray spectroscopy was conducted on the Bridge Creek Member using a 

field GR scintillometer.  This data was used to correlate rock units and to identify 

subsurface lithology.  This technique is commonly used for correlation purposes in 

sections that are poorly exposed or in sequences of marine shale that appear nearly 

homogenous (Zelt, 1985).  Accuracy of the field scintillometer measurements was 

dependent on the ability of the researcher to locate a clean face of the outcrop.  No 

digging, trenching, and earth removal is permitted at the outcrop location due to Boulder 

County regulations.  Therefore measurements taken in areas of the outcrop that were 

covered in overburden material are most likely going to contain a slight to variable 

amount of error considering the field tool required a clean rock face to ensure an accurate 

measurement.  

 

1.3.3 Core 

 A core that was taken in the central part of the study area was utilized during this 

study (Figure 1.4).  The Aristocrat Angus 1-2-8 (Sec.8, T3N, R65W) was drilled by the 

Encana Corporation in March, 2005 to a total vertical depth of 7664 ft and has 

cumulatively produced over 700 barrels of oil from the Bridge Creek Member of the 

Greenhorn Formation.  A continuous core was taken from the Niobrara Formation down 

through the mid- Graneros Formation.  Analysis was conducted on the core-half 

belonging to the Encana Corporation in agreement through the Colorado School of Mines 
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Niobrara Consortium.  A full lithologic description and SRA sampling was conducted on 

the core.  SRA samples were taken at approximately 3-4 ft intervals except in the middle 

part of the Bridge Creek Member where several samples were taken at 1 ft intervals to 

identify specific geochemical facies characteristics.  Core and log depths have a 

difference of 34 ft which is most likely caused by either a miscounted joint of pipe, or 

uncorrected core depths from the deviated drilling path.  Therefore, in order to correct the 

core depth to log depths 34 ft must be subtracted from the core depth (core depth-34=log 

depth).  

 

1.3.4 Cuttings 

Well cuttings collected from the United States Geological Survey Core Research 

Center (USGS CRC) at the Denver Federal Center in Lakewood, Colorado were analyzed 

using source rock analysis (SRA) at the Colorado School of Mines.  Locations of well 

cuttings were selected in order to provide sufficient and representative well control 

throughout the study area (Figure 1.4).  Only wells with cuttings throughout the full 

sections of the Greenhorn and Graneros formations that had accurate and readable well 

logs were used.  Cutting samples through the study formations were located and 

identified using the USGS CRC online core and well cuttings database.  Raster logs were 

collected and downloaded using the Colorado Oil and Gas Conservation Commission 

online database for wells that were selected for sample collecting.  The logs were then 

downloaded into the PETRA well database in order to identify accurate depths of the 

various stratigraphic units for each well that was sampled.  Tmax values from cuttings are 
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shown in later sections and were calculated by averaging a limited number of discrete 

points through the described interval. 

Accuracy and limitations of well cutting data are dependent on several factors: 1) 

the quality of the well cuttings, 2) ability of the mud logger to collect samples at the 

declared depth, 3) accuracy of the driller’s depth, 4) accuracy of the loggers depth, 5) 

sample contamination, and 6) sample preservation and preparation.   

 All cuttings and core samples were analyzed using a Weatherford Laboratories 

Source Rock Analyzer
TM

 at the Colorado School of Mines. 

 

1.4 Industry Activity 

 The Denver Basin has produced over 1 billion barrels of oil and nearly 3.7 trillion 

cubic feet of gas since the first discovery was made at Florence Field in 1881 (Higley and 

Cox, 2007).  Over 1,500 oil and gas fields produce from Paleozoic through Cretaceous 

reservoirs from depths ranging from 900 ft on the western margin of the basin to 9,000 ft 

in the basin axis (Higley and Cox, 2007). 

 The GWA is well known for its prolific hydrocarbon production since the 

discovery of the Wattenberg gas field by Amoco in 1970.  The primary target in the 

infancy of the Wattenberg Field discovery was the Muddy (J) Sandstone ranging in 

depths of 7,600 to 8,400 ft (Weimer and Sonnenberg, 1982; 1989).  Since then, numerous 

other productive zones have been identified throughout the deeper portion of the 

asymmetric axis of the Denver Basin.  The Terry (Sussex) and Hygiene (Shannon) 

sandstones of the Upper Cretaceous Pierre Shale was soon discovered at Spindle Field in 
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1972, followed closely by numerous discoveries in the Codell Sandstone in the early 

1980s (Weimer et al., 1986).  The first unconventional chalk production was found in the 

Niobrara Formation.  Early Niobrara production consisted of vertical wells with 

comingled production from multiple horizons including the Muddy (D) and (J) 

Sandstone, and Codell Sandstone.  This changed in 2005 when the first horizontal wells 

were drilled by the Encana Corporation.  Since then, Niobrara exploration has drastically 

increased with numerous operators leasing large amounts of land throughout much of the 

deeper parts of the Denver Basin.  For the past several years, well design within the 

GWA has shifted away from vertical wells and started to focus on horizontal drilling and 

completion techniques.  To date, horizontal wells have been drilled and completed in the 

following formations within the GWA: Niobrara, Carlile, , and Greenhorn. 

 Although the first Greenhorn discovery occurred nearly 60 years ago (Sherrod 

Apperson #1 Endsley-1953; Figure 1.9), exploration and production has been extremely 

limited within the study area. Over 34,000 wells have been drilled in the GWA and only 

40 wells have reported Greenhorn production.  Although one well has reported 

cumulative oil production of 19,000 barrels out of the Greenhorn Formation, definitive 

numbers are difficult to determine due to comingled production in each of these wells.  

The first targeted horizontal Greenhorn well was recently drilled with a proposed 5,000 ft 

horizontal leg located in the Lincoln Member.  The Kerr-McGee Douthit 32-36HZ well 

(Sec.26, T3N, R68W) is located in the deep western portion of the study area adjacent to 

the Interstate 25 corridor (Figure 1.9). 
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Figure 1.9  Study area map with the location of the first horizontal Greenhorn well 

in the Denver Basin.  The Sherrod-Apperson #1Endsley (Sec.6, T3N, R60W; green 

circle) was the Greenhorn discovery well drilled in 1953.  The recently drilled 

Douthit 32-36HZ (Sec. 26, T3N, R68W; blue star) is located adjacent to the 

Interstate 25 corridor in the deeper portion of the Denver Basin and is the first 

horizontal well targeting the Greenhorn Formation. 
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CHAPTER 2 

GEOLOGIC BACKGROUND 

2.1 Regional Setting and Structure 

The Greenhorn and Graneros formations were deposited in what is known as the 

Western Interior Seaway (WIS).  This seaway was located throughout a vast part of 

western North America and filled a complex foreland basin (Figure 2.1).  The basin 

evolved between Late Jurassic to Cretaceous time in response to accelerated plate 

convergence, subduction, and spreading along the western plate boundaries of North 

America (Kauffman, 1985a).  The development of this interior basin was halted with the 

onset of the Laramide Orogeny (71-50 Ma) that broke up the WIS into the current Rocky 

 

 

 

 

 

 

  
  
 

      

 

 
  

  

 

Figure 2.1  Structural model of the North American mid-west during the 

Cretaceous.  The Greenhorn Formation is indicated in light blue while the 

Niobrara Formation (a highly productive unconventional resource within 

the same area) is indicated in dark blue.  The upper portion shows the 

division of the WIS foreland basin into the respective basins we know 

today (Modified from Kauffman, 1985a). 
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Mountain intermountain basins (Weimer, 1960). 

 This study focuses on the Denver Basin, which is a located in the eastern part of 

the ancestral WIS.  A Precambrian fault belt known as the Colorado Lineament has been 

identified within the study area and extends diagonally southwest to northeast across the 

central United States (Warner, 1978; Weimer, 1980).  A relationship between deep 

wrench faults and shallow depth fault zones has been documented within the GWA.  This 

is important as it could help identify highly fractured zones. 

Above normal pressure gradients exist within the GWA due to the presence of the 

previously mentioned Wattenberg “hot spot” (Zhao, 1996).  These pressures were created 

in response to hydrocarbon generation due to increased thermal maturation of organic-

rich source rocks.  The tight nature of these source rocks created a high-pressured 

compartment within the Cretaceous interval within and adjacent to the study area.  This 

over-pressurization has helped charge numerous unconventional plays within the study 

area such as the D, J, and Codell sandstones, as well as the Niobrara Formation (Weimer, 

1996).  Historically, normal to slightly greater than normal pressure gradients have been 

shown to increase fracture enhancement and well deliverability within unconventional 

shale plays such as the Greenhorn.  This localized over-pressuring was a critical factor in 

the hypothesis that the GWA will ultimately hold the greatest potential to yield economic 

accumulations of hydrocarbons in the Denver Basin, which in turn, helped to determine 

the actual study boundaries. 
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2.2 Stratigraphy 

The stratigraphic correlations of the Greenhorn and Graneros formations and 

members are regionally continuous due to their deposition on a relatively featureless, low 

gradient seafloor within the WIS (Hattin, 1975).  The two formations can be easily 

correlated throughout the study area as well as a sizeable portion of the Denver Basin 

using subsurface well logs (Weimer and Sonnenberg, 1982; Weimer, 1984).  The 

Greenhorn Formation is regionally expansive and can be correlated throughout much of 

the central mid-continent of the U.S. and Canada where it goes by several different time-

Figure 2.2 Type log for early and late Cretaceous units in the GWA.  Gamma 

ray response is shown in track one using a color bar to represent varying 

lithologies. 
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equivalent names: Eagleford Formation, Marias River Formation, Second White Specks 

Formation and parts of the Belle Fourche Formation (Hattin, 1975; Ridgley et al., 2001).  

The Greenhorn and Graneros formations are Cenomanian to Turonian age and lie 

in the Benton Group (Weimer, 1960; Figure 2.2).  This group consists of multiple 

formations of organic-rich shales with interbedded reservoir horizons, and is believed to 

contain several source beds for oil and gas accumulations of Cretaceous sandstones in the 

Denver Basin (Weimer, 1960).  The close association of source beds and reservoir zones 

makes this interval a prime candidate for unconventional oil and gas exploration.  

Carbonate content increases from non-calcareous shales of the Graneros Formation into 

carbonate-rich granular, limey-chalk and marl facies of the Bridge Creek Member of the 

Greenhorn Formation.  Organic carbon concentrations remain high (>2%) throughout 

nearly the entire stratigraphic study interval except in several carbonate-rich, chalk and 

limey-chalk intervals of the Bridge Creek and Lincoln members. 

Most lithologic and mineralogical descriptions provided from previous authors 

are derived from outcrop analysis done at the Rock Canyon Anticline near Pueblo, 

Colorado, and core analysis done on the USGS #1 Portland and the Pu-79-Pueblo cores 

(Pratt, 1981, 1984; Kauffman and Pratt, 1985; Meyers et. al, 2001). 

 

2.2.1 Graneros 

 Detailed studies of the Graneros Formation have been conducted in both 

Colorado and Kansas (Hattin, 1962; Kauffman, 1975).  The Graneros Shale is an 

important source rock for Cretaceous sandstones within the region and represents the first 
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episode of offshore marine sedimentation during transgression of the Greenhorn marine 

cycle (Eicher and Diner, 1985).  In the study area, the Graneros Shale is divided into a 

lower, silty shale member, and an upper silty to slightly calcareous shale member (Figure 

2.3).  In the southern D-J Basin these two members are separated by a thin limestone unit 

known as the Thatcher Limestone, but this unit thins to the north and is not present in the 

northern part of the study area.  The Graneros Formation is regionally extensive 

throughout much of the mid-continent where it is also known as the basal unit of the 

Belle Fourche Shale (Ridgley et al., 2000).  

 The lower member of the Graneros Formation consists of moderately to finely 

laminated, dark gray to grayish brown, non-calcareous shale interbedded with thin beds 

of ripple- to shallow trough-bedded, very fine-grained sandstone and siltstones 

(Kauffman, 1985b).  An incised sandstone body known as the Muddy (D) Sandstone is 

present in this member within the eastern portion of the study area but thins towards the 

west and is not present in the western portion (Sonnenberg and Weimer, 1981).  The D 

Sandstone is a highly productive horizon where traps exist within and around the GWA.  

The remaining portion of the Graneros Formation that exists beneath the D Sandstone is 

named the Huntsman (Weimer, 1960).  TOC values fluctuate, but generally increase 

towards the upper portion of the lower member suggesting either a dysaerobic water 

environment or a change in organic sedimentation (Kauffman, 1985b).  

 The lower member has a higher concentration of bentonites than does the upper 

member; however, the bentonites located in the upper member tend to be thicker and 

include the prominent X-Bentonite marker.  This bentonite was first used by Cobban and 

Scott (1972) to mark the top of the Graneros Formation and still serves as an easily 
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identifiable correlation bed that extends from Alberta, Canada  to Texas (Kauffman, 

1985b). 

 The upper member of the Graneros Formation consists of soft, dark gray, slightly-

silty to slightly-calcareous, thinly and evenly-laminated shale.  Carbonate content 

increases towards the top portion of the upper member where lenses of incipient 

carbonate concretions and lenticular beds of argillaceous and shaly-limestone are present 

(Figure 2.3; Kauffman and Pratt, 1985; Weimer, 1996).  The previously mentioned X-

Bentonite marks the top of the upper Graneros in its transitional contact with the Lincoln 

Figure 2.3  Type log section for the Graneros Formation in the GWA (D-Sand not 

present).  Gamma ray response is in track one, deep resistivity is in track two, and density 

porosity is recorded in track three.  An outcrop description from Rock Canyon Anticline 

near Pueblo, Colorado along with geochemical data from the PU-79 Pueblo core is also 

shown to the right (Pratt, 1981; Kaufman and Pratt, 1985).  Carbonate concentrations are 

shown in light blue while organic carbon is show in orange.  One can notice a distinct 

change in carbonate concentration at the top of the Upper member and what is believed to 

be the Thatcher Limestone right above the contact between the two members. 
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Member of the Greenhorn Formation.  A carbonate-rich bed identified by Hattin (1975) 

as the Thatcher Limestone can be seen throughout the southern portion of the study as a 

thin bed in the lower portion of the upper Graneros and can be used to mark the contact 

between the upper and lower member (Figure 2.3). 

 

2.2.2 Greenhorn 

 The Greenhorn Formation was deposited during a regional transgression of the 

WIS and is made up of three distinct members; from youngest to oldest the Bridge Creek 

Limestone, Hartland Shale, and Lincoln Limestone (Figures 2.2, 2.4).  The Bridge Creek 

and Lincoln members are assumed to be reservoir intervals while the Hartland is believed 

to be strictly a source interval.   Although the two reservoir units both contain the critical 

ingredients to accumulate unconventional hydrocarbons (mature organic-rich source 

associated with reservoir), production has been limited to only a few wells to date.  A 

major percentage of past research has focused on the Bridge Creek and Hartland 

members while little has been done on the Lincoln.  This is expected to change as 

evidenced by the conclusions in this thesis as well as the interest that operators are now 

showing in its petroleum potential. 

The Lincoln Member is the lowest member of the Greenhorn Formation (Figure 

2.5).  This zone along with the Bridge Creek Member consists of interbedded chalks and 

calcareous shales/marls and is considered to be a potential self-sourced reservoir.  The 

Lincoln Member conformably lies on top of the Graneros Formation and represents a 

significant change in energy levels as well as a shift from deposition of terrigenous mud  
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Figure 2.4  Depositional map during maximum Turonian extent of the WIS.  Located 

in the central portion of the basin, regionally continuous layers of carbonate material 

were deposited along with calcareous shales and marls creating the mixed lithologies 

of the Greenhorn Formation.  The study area can also be seen outlined in red 

(Modified from Kauffman, 1985; Pratt, 1985; Longman et al., 1998). 
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to marine pelagic carbonate during transgression of the WIS (Kaufman, 1985; Sageman 

and Johnson, 1985).  The interval consists of finely laminated, organic-rich, calcareous 

shales/marls along with interbedded carbonate-rich chalks beds.  Within the chalk facies, 

several thin planar to ripple-bedded, fossiliferous calcarenite intervals are present 

(Sageman and Johnson, 1985).   The degree of lamination in organic-rich, calcareous 

Figure 2.5  Type log section showing the three members of Greenhorn Formation.  

Gamma ray response is in track one, deep resistivity is in track two, and density porosity 

is recorded in track three.  An outcrop description from Rock Canyon Anticline near 

Pueblo, Colorado along with geochemical data from the PU-79 Pueblo core is also 

shown (Pratt, 1981; Kaufman and Pratt, 1985).  Carbonate concentrations are shown in 

light blue while organic carbon is show in orange.  Notice the overall carbonate 

concentration increase towards the top of the Greenhorn Formation, while organic 

carbon drastically decreases. 
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shale has a positive relationship with levels of organic carbon preservation and an inverse 

relationship to bioturbation levels (Pratt, 1984).   

Log evaluation shows that several localities in the deeper part of the asymmetric 

basin have favorable log responses (low GR, high resistivity) in the Lincoln Member for 

potential hydrocarbon production (Smagala et al., 1984; Johnson and Bartsch, 1991). 

However, any deep resistivity reading is significantly suppressed by the abundance of 

conductive clays within the Lincoln Member.  Therefore, the Lincoln Member is likely to 

possess high hydrocarbon saturations despite having unfavorable resistivity responses 

(assuming sufficient hydrocarbon generation has occurred). 

The Hartland Member is predominantly made up of laminated to microburrowed, 

organic-rich marl and calcareous shales.  Core analysis indicates that this member was 

deposited in a relatively stable, benthic environment where any changes in sediment 

composition occurred gradually (Pratt, 1981; Sageman, 1985).  Hartland lithology is 

generally homogenous compared to the interbedded lithology of the Bridge Creek and 

Lincoln members.  However, several lithofacies have been identified based on sediment 

lamination and bioturbation concentration (Sageman, 1989).  Geochemical data from the 

Hartland Member shows generally consistent TOC values (2-4 wt. %) of predominantly 

Type I marine kerogen (Pratt, 1981; 1984).  The laminated to microburrowed organic-

rich Hartland Member is a probable hydrocarbon source bed for the two adjacent, 

carbonate-rich reservoir intervals in the Bridge Creek and Lincoln members. 

The Bridge Creek Member marks the peak tectono-eustatic sea-level rise of the 

Greenhorn Seaway and maximum regional extent of the WIS (Kauffman, 1977; Figure 
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2.4).  It reflects maximum water depth, detrital starvation in the distal basin, and 

northward influence of warm Gulf waters from the south (Meyers et al., 2001; Kauffman, 

1977, 1984; Kauffman and Caldwell, 1993)  It consists of rhythmically interbedded 

limestone and calcareous shale/marl facies and reflects deposition of the Late-

Cenomanian to Early-Turonian Oceanic Anoxic Event II, the first of two alternating and 

distinct benthic events throughout the Late Cretaceous (Schlanger and Jenkyns, 1976; 

Eicher and Diner, 1985; Elder and Kirkland, 1985).  Geochemical analysis has shown 

substantial differences in the composition of organic matter preserved in the various 

lithologies of the Bridge Creek Member (Espitalie et al., 1977; Pratt, 1984; Figure 2.6).  

Chalk intervals are considered reservoir units and are non-laminar with sedimentary 

structures containing high levels of bioturbation and TOC’s ranging from 0.1-0.6%.  The 

calcareous shale and marlstone intervals are considered source rocks (TOC’s of 4-5 wt. 

%) and are finely laminated with a small amount of microburrowed sedimentary structure 

(Pratt, 1981, 1984).     

The two dominant facies of chalks and calcareous shales/marls are associated in 

six traceable couplets that are characterized by an alteration from clay- and organic -rich, 

laminated to slightly burrowed calcareous shale/marl facies to carbonate-rich and organic 

carbon-poor, bioturbated chalk facies (Elder et al., 1994; Meyers et al., 2001).  

Sedimentation rate is believed to be the main controlling factor controlling Bridge Creek 

facies deposition.  During progradational phases or pulses of high terrestrial input, an 

increased rate of clay-rich sediment reached the central basin and resulted in deposition 

of calcareous shales and marls.  During the transgressive phases, or phases of limited 
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terrestrial input, less clay entered the seaway which resulted in deposition of the chalk 

facies (Elder et al., 1994).   

A distinct change in sedimentation rate between the upper Hartland (2.7 cm/ky) 

and lower Bridge Creek (1 cm/ky) explains the abrupt change in lithology between the 

two members (Meyers et al., 2001; Figure 2.7).    Although the amount of detrital 

Figure 2.4  Cross plot of hydrogen indices vs. oxygen indices taken from the 

core PU-79-Pueblo in the Greenhorn Formation.  Macroburrowed carbonate 

intervals are Type II and III kerogen while microburrowed to laminar shales 

and marls are Type I and II kerogens (modified from Pratt, 1984). 
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delivery into the basin was the major control for the secular increase in carbonate 

concentration, biogenic pulses also played a minor role in carbonate accumulation within 

the Bridge Creek (Elder et al., 1994; Meyers et al., 2001).  Bioturbation was largely 

controlled by the concentration of oxygen on the sea floor during times of deposition.   

The concentration of oxygen was dependent on salinity stratification in the water column 

caused by the development of intermittent haloclines in response to periods of high 

freshwater input (Kauffman, 1984; Pratt, 1984; Sageman, 1989). 

Two mechanisms are proposed as the controlling factors for these basin-wide 

depositional events.  The first is Milankovitch-style orbital forcing of climate effects on 

eustasy, sediment input, and biogenic production in the WIS (Sageman et al., 1998).  The 

second is thrusting events in the Sevier orogenic belt could have caused episodic changes 

in subsidence rates of the WIS foredeep basin.  This would also cause subsequent 

changes in base level which could have controlled facies deposition (Elder et al., 1994) 

 Current exploration and production is underway in several of the time-

equivalent units of the Bridge Creek member including the upper member of the 

Eagleford Shale in southern Texas and the Cone Member of the Marias River Formation 

in Alberta, Canada. 
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Figure 2.5  Bulk sedimentation rate, carbonate concentration, and organic carbon 

concentration of the Bridge Creek Member from the USGS Portland #1 Core 

(modified form Meyers et al., 2001). 
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Chapter 3 

RESULTS 

3.1 Graneros 

 The petroleum potential of the Graneros Formation was determined using 

subsurface mapping and geochemical analysis from core and well cuttings.  The Graneros 

has been described by previous authors as an organic-rich source rock with a high 

capacity to generate hydrocarbons and charge nearby sandstone reservoir units (Weimer, 

1960).  The Graneros Formation is included in this study in order to determine what role, 

if any, it plays in hydrocarbon occurrence within the two reservoir units of the Greenhorn 

Formation.  The Graneros is known to be one of the major sources of oil accumulations 

for the interbedded Muddy (D) Sandstone, but its ability to charge tight, unconventional 

reservoirs such as the Lincoln and Bridge Creek members of the Greenhorn Formation 

has been unknown.  This study addresses the potential of the Graneros Formation and its 

relationship with petroleum accumulation within the Greenhorn Formation. 

 

3.1.1 Mapping 

Subsurface stratigraphic and log-derived TOC maps were created to identify 

source-rock quality for the Graneros Formation throughout the study area.  Open-hole 

wireline logs provided through the Colorado School of Mines Niobrara consortium were 

used to determine formation contacts in order to determine stratigraphic distributions and 

isopach thicknesses.  The Graneros Formation is divided into two members with the 

lower member being thicker and containing a higher TOC and the upper member 
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consisting of a thinner interval and containing slightly less TOC.  Both members are 

shown to be good source rocks with sufficient thicknesses of organic-rich shale to 

produce significant hydrocarbons throughout the entire study area (where thermally 

mature). 

 Maps of the upper and lower members were constructed to illustrate petroleum 

generation potential of the Greenhorn Formation.  The Graneros Formation is believed to 

strictly be a source interval (excluding D Sand production), although findings presented 

in later sections of this thesis show evidence of hydrocarbon deliverability within low-

angle natural fractures of the upper member.  Therefore, special interest was taken in 

order to show thickness discrepancies between the potential productive upper member, 

and the highly, organic-rich lower member.  This data provided through this mapping 

helps determine what influence, if any, the two separate members have on hydrocarbon 

accumulation within the two reservoir units of the Greenhorn Formation. 

 An isopach map of the lower member of the Graneros Formation was constructed 

using thicknesses between the Mowry Shale and the base of the upper Graneros member 

(Figure 3.1).  This includes the Huntsman Silt, the D Sandstone, and the “hot shale” 

interval described by Weimer (1996).  Thicknesses within the GWA range from 95-135 

ft; the thickest areas are in the northwest corner by Fort Collins.  The thinnest area is 

located in the southeast corner while the overall trend shows a thickening pattern from 

south to north throughout the study area.   
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 The lower member of the Graneros Formation represents one of the most organic-

rich sections of the study interval.  Isopach maps show that this source interval contains 

sufficient thicknesses to have produced a significant amount of hydrocarbons throughout 

the entire study area (Figure 3.1).  Generation capacity appears to be highest in the 

northwest corner of the study area considering thickness and burial depth while the area 

with the lowest generation capacity is located in the southwest corner considering 

Figure 3.1  Isopach map of the lower member of the Graneros Formation within the 

GWA (red outline).  C.I. =10 ft. 
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thickness and location in one of the least mature regions of the study area. 

 The upper member of the Graneros Formation is a much thinner interval than the 

lower member and contains the lowest identifiable carbonate sediments in the study 

interval (Figure 3.2).  Findings that are presented in later sections of this thesis show 

evidence that the upper member could yield slight amounts of hydrocarbon storage 

capacity as wells as provide a conduit for hydrocarbon migration between the highly 

Figure 3.2  Isopach map of the upper member of the Graneros Formation.  C.I. = 10 ft. 
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organic-rich lower member and the Lincoln Member of the Greenhorn Formation via 

natural, low-angle fractures.  Isopach mapping of this unit shows it to be roughly 35-50 ft 

thick throughout the GWA with thickness variation similar to those in the lower member.   

TOC values within the upper and lower members of the Graneros Formation were 

mapped using log-derived calculations that were calibrated with measured TOC values 

Figure 3.3  Map of average log-derived TOC values for the Graneros Formation.  

Organic-richness is lowest in the center of the study area due to increased maturity 

associated with the Wattenberg hot spot (Higley et al., 2003).  C.I. = 2 wt. % TOC. 
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from the Aristocrat Angus 12-8 (Sec.8, T3N, R65W) core (Figure 3.3).   Both the upper 

and lower members of the Graneros Formation were combined to create an overall TOC 

map of the Graneros Formation (Figure 3.3).  Contours are based on the average of 

calculated TOC values through the upper and lower members. 

 TOC values are lowest in the center part of the study area due to exhaustive 

thermal generation of organic matter associated with the Wattenberg hot spot south of 

Greeley, CO (Peters, 1986; Higley et al., 2003).  Low TOC values, associated with 

elevated thermal maturity, trend to the northeast corner of the study area while TOC 

values > 8 wt. % can be found in the northwest corner of the GWA.  These high TOC 

values correlate with documented cooler geothermal temperatures leading to less mature 

source rocks (Higley et al., 2003).  The maximum measured TOC values from the 

Aristocrat Angus 12-8 were <5 wt. %. 

 

3.1.2 Core 

 Graneros core analysis is combined with Greenhorn core analysis in section 3.2.3. 

  

3.1.3 Cuttings 

 Well cuttings from the Graneros Formation were collected from five wells 

throughout the GWA to help determine thermal maturity in the study area.  A certain 

level of error is possible when using well cuttings data due to the fact that the rock cannot 

be directly sampled from in-situ conditions.  Well cuttings are collected in an active 

drilling environment where numerous possibilities of sample contamination can take 

place.  This process does not allow geologists to isolate source rock facies and creates a 
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diluted source-rock sample.  This dilution of organic-rich material is often created by the 

presence of interbedded organic-poor siliciclastic and carbonate beds that are mixed 

together in the cuttings sample.  This error is not as prevalent in the Graneros Formation 

as it is in the more carbonate-rich, thinner bedded interval of the Greenhorn Formation. 

 Source-rock characterization of the Graneros Formation indicates that it is of 

good to excellent quality within the GWA based on pyrolysis data (Figure 3.4).  TOC 

data shows that the Graneros Formation is capable of producing hydrocarbons throughout 

the entire study area.  However, areas that have become very mature in the central part of 

Figure 3.4  Plot of source rock quality from well cuttings collected through the Graneros 

Formation. 
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the GWA may have reached generation capacity.  This concept will be further discussed 

in section 3.2.3. 

 Tmax values from source-rock pyrolysis represent source-rock maturity based on 

analytical temperatures associated with the amount of hydrocarbons that are generated 

when organic material (kerogen) within the rock is heated (Peters, 1986).  Pyrolysis data 

from the five sample locations indicate variable maturation has taken place throughout 

Figure 3.5  Tmax values (
o
C) collected from source rock pyrolysis for the Graneros 

Formation.  Chart showing Tmax relationship to maturity is shown inset (modified 

from Peters, 1986). 
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the study area (Figure 3.5).  The Douthit 1(Sec.26, T3N, R68W) has the highest Tmax 

and thus has experienced the greatest amount of maturation, of the wells that were 

sampled using cuttings.  This data corresponds to the samples proximal location to the 

previously mentioned Wattenberg hot spot (Higley et al., 2003).  Samples for the UPRR 

Ferguson 1-31 (Sec.31, T2S, R61W) and the Moody Warren 1-12 (Sec.12, T7N, R68W) 

show that their locations have experience lowest levels of maturation within the study 

area.  Both of the low maturity wells indicate that they are close to the onset of oil 

generation base on their Tmax values (Peters, 1986).  Both the Kirchoff 34-25 (Sec.25, 

T7N, R61W) and the State 1-28 (Sec. 26, T3N, R68W) have maturity values close to the 

peak oil generation window.  Values were calculated by averaging a limited number of 

discrete points through the Graneros Formation in each well. 

 

3.2 Greenhorn 

 The petroleum potential of the Greenhorn Formation was determined using a 

combination of subsurface mapping, outcrop analysis, SRA analysis from core and well 

cuttings, and historical DST and well information data.  The Greenhorn Formation is a 

calcareous-rich horizon made up of three distinct members.  The Lincoln and Bridge 

Creek members are identified as reservoir horizons of intermixed chalk and marl facies, 

while the middle Bridge Creek Member is identified as a source interval made up of 

finely laminated calcareous shales and marls.  The conclusions presented in this study 

show evidence of significant hydrocarbon accumulations within the Greenhorn 

Formation and indicate why the interval has not been exploited despite having been 

penetrated by over 30,000 boreholes and completed in several wells.  
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3.2.1 Mapping 

 Subsurface petrophysical and stratigraphic maps were constructed to help define 

the true petroleum potential of the Greenhorn and Graneros formations.  A total of 1,459 

open-hole logs provided through the Colorado School of Mines Niobrara Consortium 

were correlated and used to identify reservoir and source-rock characteristics throughout 

the study area.  Stratigraphic tops based on the author’s observations were used to 

determine stratigraphic geometries of individual members of the Greenhorn and Graneros 

formations (wells with faulted thickness were omitted from the isopach maps).  

Resistivity maps for the Bridge Creek and Lincoln members of the Greenhorn Formation 

were also constructed to provide a representation of hydrocarbon generation and 

saturation.  A log-derived TOC map was created for the Hartland Member in order to 

determine source rock quality. 

Isopach maps were created for each member of the Greenhorn Formation.  

Findings show that each of the two reservoir units have limited variability in their 

individual thicknesses throughout the study area while the main source units of the 

Hartland Member shows a significant change in thickness throughout the study area.   

The Lincoln Member isopach map shows the least in thickness variability of any 

of the Greenhorn members.  Values commonly range from 70-90 ft throughout the GWA 

(Figure 3-6).  In the central part of the GWA, a >80 ft thickness trend running north-south 

can be seen throughout much of the study area with highest values (>90 ft) located in the 

center of the study area.  This mapping shows that sufficient reservoir thicknesses for 
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hydrocarbon accumulation occur within the Lincoln Member of the Greenhorn Formation 

throughout the entire GWA with greatest thicknesses occurring south of Greeley, CO, or 

the central part of the Wattenberg Field.   

The base of the Lincoln Member is marked by the previously mentioned X-

Bentonite Marker (Figure 2.5).  The top of the Lincoln Member is much less definitive 

and is difficult to correlate throughout the GWA.  This contact is best indicated by a 

Figure 3.6  Isopach map of the Lincoln Member of the Greenhorn Formation.  C.I. = 10 

ft. 
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slight decrease in gamma ray response.  Resistivity responses usually tend to gradually 

increase a few feet above this contact in the Hartland Member. 

The Hartland Member shows the greatest variance in formation thickness in the 

study area than any other member of the Greenhorn Formation (Figure 3.7).  A 

thickening trend can be observed from west to east throughout the entire GWA.  The 

Hartland Member is <40 ft adjacent to the Front Range (outcrop area) in the western part 

Figure 3.7  Isopach map of the Hartland Member of the Greenhorn Formation.  C.I. = 10 

ft. 
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of the study area, while it thickens to >90 ft towards the eastern margin of the study area 

and into Morgan County, CO.  Numerous wells were omitted because of missing section 

due to faulting.  It was noticed that the Hartland Member was the most likely of any of 

the stratigraphic units studied to have sections faulted out.  This mapping shows that the 

Hartland Member is of sufficient thickness throughout much of the GWA to be a highly 

productive organic-rich source rock capable of producing significant amounts of 

hydrocarbons. 

The base of the Hartland is marked by a slight increase in gamma ray response 

from the basal Lincoln Member (Figure 2.5).  The top of the Hartland is easily 

identifiable by a sharp decrease in gamma ray and sharp increase in resistivity response.  

The Bridge Creek shows the most thickness variability in the study area (Figure 

3.8).  This variance is mostly caused by the absence of an easily identifiable and 

correlative marker bed for the top of the Bridge Creek Member.  It is difficult to conclude 

whether or not the variance in thickness is caused by Bridge Creek lithology or a change 

in carbonate percentage of the overlying Fairport Chalk Member of the Carlile 

Formation.  The lowest values can be seen in the southeastern quadrant of the GWA with 

thicknesses gradually increasing outward from the central study area.  Mapping of this 

unit show sufficient reservoir thicknesses for hydrocarbon storage to occur throughout 

the entire GWA with greatest thicknesses located outside the southeast quadrant. 

Although the Bridge Creek Member is a regionally continuous and correlative 

stratigraphic horizon, the lack of an easily identifiable and continuous marker makes 

picking a definitive contact quite difficult.  Numerous markers have been identified to  
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mark the top of the Bridge Creek but most show vast differences depending on the 

individual who makes the pick.  Since the intended purpose of this study was to identify 

petroleum potential and not focus on high resolution stratigraphy, the first identifiable 

carbonate bed below the Codell Sandstone was used to mark the top of the Bridge Creek 

Formation (Figure 2.5).  The base of the Bridge Creek is easily marked by a sharp 

increase in gamma ray and a sharp decrease in resistivity.  Recommendations on further 

stratigraphic study of the Bridge Creek are suggested in Chapter 6. 

Figure 3.8  Isopach map of the Bridge Creek Member of the Greenhorn Formation.  C.I. 

= 10 ft. 
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  Resistivity maps were created for the two reservoir units: the Bridge Creek and 

Lincoln members of the Greenhorn Formation.  These maps were created by averaging 

resistivity values through each of the two members.  It has been demonstrated that 

resistivity values can represent oil saturation/thermal maturity within the unconventional 

shale plays similar to the Greenhorn Formation (Smagala et al., 1984).  Therefore, the 

higher resistivity values are used here to indicate localities within the GWA where 

hydrocarbon generation and accumulation has taken place.  It is critical to note that 

resistivity responses are not just dependent on fluid properties, but are also dependent on 

matrix rock properties. 

 The Lincoln Member average resistivity map shows significantly lower values 

throughout the study area when compared to both the Bridge Creek and Niobrara 

Formation (similar unconventional carbonate shale/chalk).  Although values are low and 

traditionally unattractive, trends associated with burial depth can still be seen throughout 

the GWA (Figure 3.9).  Values generally increase from west to east or with depth as the 

basin reaches its greatest depth adjacent to the Front Range.  Several local anomalous 

values can be identified along the basin axis and are most likely the result of oil-saturated 

fracture swarms associated with higher thermal maturities.   

This study suggests the reason that low resistivity values occur throughout the 

majority of the GWA (<10 ohm-m), is due to the thinly bedded nature of the Lincoln 

reservoir horizon.  The thin-bedded nature of the Lincoln Member makes hydrocarbon-

saturated reservoir intervals (>2 ft thick) nearly invisible on the deep resistivity tools due 

to interbedded, conductive clay-rich marls (average 1-2 inches thick).  Therefore 

resistivity values should be investigated using relative measurements within the Lincoln 
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member and not be based purely on numerical values.  For example, relative trends from 

the map can identify areas of elevated hydrocarbon saturation despite having undesirable 

values.  Evidence of suppressed resistivity due to thin beds is discussed in section 3.2.3. 

 The western portion of the study area has several locations with average 

resistivity values over 15 ohm-m.  Since these values are suppressed for the Lincoln 

lithology, it is suggested that these areas are most likely going to be heavily saturated 

Figure 3.9  Map showing average deep resistivity values through the Lincoln Member 

of the Greenhorn Formation.  Structural contours are also plotted to indicate the 

location of the basin axis.  C.I. = 5 ohm-m. 
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with gas and could have perhaps reached the dry gas generation window.  The western 

portion of the study area is believed to be oil saturated despite having very low resistivity 

values (5-10 ohm-m).  This trend continues into northern Weld County, CO (Figure 3-9).  

Drill stem test data provided in a following section compliments the interpretation of oil 

saturation despite the abnormally low resistivity values.  

 The Bridge Creek average resistivity map shows elevated values that closely 

Figure 3.10  Map showing average deep resistivity values through the Bridge Creek 

Member of the Greenhorn Formation.  Structural contours are also plotted to indicate the 

location of the basin axis.  C.I. = 5 ohm-m. 
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mirror that of the outline of the Wattenberg Gas Field (Figure 3.10).  Resistivity values of 

>10 ohm-m can be seen throughout much of the GWA and correlate closely with known 

thermogenic anomalies that have been identified in the study area.  This trend also 

correlates extremely well with known Codell production within GWA and suggests that 

marl source rocks within the Bridge Creek Member could possibly contribute to Codell 

hydrocarbon accumulations.  

 TOC values within the Hartland Member were mapped using log-derived 

calculations that were calibrated with measured TOC values from the Aristocrat Angus 

12-8 (Sec.8, T3N, R65W) core (Figure 3.11).  Organic richness of the Hartland Member 

shows similar trends to the Graneros Formation.  TOC values are lowest in the center part 

of the study area due to the geothermal anomaly associated with the Wattenberg hot spot 

(Higley et al., 2003).  Increased thermal maturation causes degradation of kerogen into 

hydrocarbons, thus decreasing the source rocks overall TOC (Peters, 1986).  This 

relationship to TOC and thermal maturation provides critical data to support petroleum 

generation potential in the study area.  The highest TOC values occur in the northwest 

and southwest corner of the map which indicates that the area is geothermally cooler than 

the rest of the study area despite being in the deepest part of the basin (Higley et al., 

1985).   

 A spreadsheet containing 8,204 stratigraphic tops for 1,459 wells is available in 

the Petra spreadsheet of Appendix E in the accompanying CD. 
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Figure 3.11  Map of log-derived TOC values for the Hartland Member of the Greenhorn 

Formation.  Organic-richness is lowest in the center of the study area due to increased 

maturity associated with the Wattenberg hot spot (Higley et al., 2003).  C.I. = 1 wt. % 

TOC. 
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3.2.2 Outcrop 

 Outcrop exposures at Lykins Gulch near Lyons, Colorado, were measured and 

examined in order to identify the lithology of the Bridge Creek Member of the Greenhorn 

Formation and what association it has with petroleum occurrence in the Codell 

Sandstone.  Lykins Gulch consists of a stream drainage cutting down through numerous 

Cretaceous sedimentary packages adjacent to the Front Range Uplift.  Full exposures of 

the Niobrara Formation through the Bridge Creek Member of the Greenhorn Formation 

can be viewed at this location and provide high quality type sections for several horizons.  

Measured sections from the Pueblo, Colorado area have been previously described by 

earlier authors, but little outcrop work has been done on the Greenhorn Formation in the 

Denver Basin.  Field gamma ray spectroscopy analysis was done to further understand 

correlations between subsurface log responses and lithology.  

The Bridge Creek Member is >70 ft thick at Lykins Gulch but only 65 ft of the 

section is exposed and described here (Figure 3.12).  It consists of rythmically 

interbedded, fine-grained chalks with laminar organic-rich calcareous shales and marls.  

This continuous rhythmic interbedding of chalk-calcareous shale/marl facies displays 

previously described cyclic deposition of the Bridge Creek Member (Sageman and 

Johnson, 1985; Sageman et al., 1998).    

 Several extremely weathered thin bentonites can also be seen at the base of the 

section.  Numerous more bentonites are believed to be present at this locality but cannot 

be identified due to heavy weathering.    Chalk facies consist of light colored,  very fine-

grained carbonate intervals with varying degress of bedding and lamination and are 

considered to be potential reservoir units within the Bridge Creek Member (Figure 3.13).   
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Figure 3.12  Lykins Gulch outcrop description with field GR. 
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Thicknesses very between 3 to ½ ft thick intervals, but are somewhat difficult to 

determine considering transitional contacts between facies.   

Marl facies are dark gray to black colored and very fine-grained, but are finely 

laminated and consist of a higher percentage of siliciclastic material.  Marl facies tend to 

be somewhat thicker than chalk facies towards the top of the section, indicating a 

decrease in overall carbonate sedimentation into the Carlile shale.  Chalk intervals are 

Figure 3.13  Photo showing chalk reservoir facies in the Bridge Greek 

Member of the Greenhorn Formation. 

1 foot 
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better exposed and less likely to be covered by talus material than the softer marl facies 

so where the outcrop was covered with no ridges or ledges present, it was assumed that 

the lithology was not a chalk facies (only several feet towards the top part of the section 

was covered).    

Unlike the core, the Bridge Creek Member at Lykins Gulch is heavily fractured 

(Figure 3.14).  Both facies contain an abundance of continous fractures that indicate the 

entire interval is very brittle and the abundance of clay material has little to no effect on 

mitigating natural fractures.    This suggests that hydraulic fracture stimulations should be 

quite efficient in treating a large volume of rock within the Bridge Creek Member despite 

the presence of multiple clay-rich intervals. 

Field gamma ray responses show strong correlation to lithology with chalk facies 

having lower readings and marl and bentonite having high readings.  This correlation 

can be applied to subsurface logs and helps further identify general facies occurrence in 

the suburface.  The outcrops natural gamma radiation was recorded in units of 

nanosieverts per hour, but relative response trends correlate very similarily to subsurface 

API (American Petroleum Institute) gamma ray logs.  

  The majority of the Carlile Formation is poorly exposed and is covered in up to 

2 ft of slightly vegetated, heavily weathered shale and colluvial material at Lykins 

Gulch.  Site restrictions do not permit excavation of any kind which makes describing 

parts of this interval very difficult if not impossible.  The section is 38 ft thick which 

shows aufficient thickness to be a petroleum source rock.  The Carlile is considered a 

hydrocarbon source interval that most likely contributes to petroleum accumulations  
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within both the Codell Sandstone and Bridge Creek Member where thermal maturation 

has taken place.  The Carlile consists of a nearly homogeneous interval of finely 

laminated, organic-rich calcareous shales and mudrocks. Shale and mudrock facies are  

Figure 3.14  Outcrop photo of continuous fractures in the Bridge Creek Member 

of the Greenhorn Formation.   
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similar to those of the Bridge Creek, but appear to have a slightly greater amount of iron 

oxidation and a far less amount of carbonate sediment.   

 Overall natural gamma ray readings within the Carlile Formation are 

slightly higher than in the Bridge Creek and show far less heterogeniety between 

lithologies.   

The lower Codell Sandstone consists of approximately 38 ft of cyclic bioturbated, 

hummocky-bedded silts and shale facies.  Siliciclastic facies contain an abundance of 

wavy-bedded and trough sedimentary structures showing evidence that sediment 

deposition was heavily influenced by storm-induced flows and strong seafloor currents 

(Figure 3.15).   

 

3.2.3 Core 

 Core data from the Graneros and Greenhorn formations are combined in this 

section in order to present the data in a continuous format. 

 The Aristocrat Angus 12-8 (Sec.8, T3N, R65W) core, from central Wattenberg 

Field, was analyzed to further understand the petroleum potential of the Greenhorn and 

Graneros formations.  The core begins midway through the Graneros Formation which 

occurs several feet into the “hot shale” zone identified by Weimer (1996), and continues 

up through the top of the Niobrara Formation.  The Greenhorn and Graneros sections 

were visually described and SRA samples were collected at approximately 3 to 4 ft 

intervals throughout the described section (Figure 3.16 through 3.19).  Several samples 

were collected at 1 ft intervals in the Bridge Creek Member to demonstrate TOC 



61 
 

variability between chalk and marl facies.  Open-hole gamma ray and resistivity log 

responses were overlain on the core descriptions to correlate subsurface lithology to 

petrophysical properties.  A log-derived TOC curve is also shown to identify the accuracy 

of predicted values to measured values in the two source intervals of the Hartland 

Member and the Graneros Formation (Passey et al., 1990).  Detailed photos are 

referenced throughout the core description and are located in Figures 3.20 through 3.27. 

 The Graneros section consists mainly of fine-bedded, very dark-colored, 

organic-rich shales and marls (Figure 3.19).  The lower member contains several very 

thin bentonite beds with a few pyrite nodules and very few shell fragments or fecal 

pellets.  The upper member consists of similar calcareous shale and marl, but has far 

more shell fragments and a thin parallel-bedded chalk interval.  Several thicker bentonites 

are also present in the upper member with the largest of them called the X Bentonite.  

The presence of calcareous sediment begins at 7654 ft with all remaining sections above 

this point containing carbonate sediment. 

 One of the most significant findings from this core analysis is the presence of 

multiple and often closely spaced natural low- to moderate angle shear fractures (Figure 

3.28).  These fractures are present throughout the entire described section of the Graneros 

Formation and are not limited to the upper member where carbonate sedimentation 

begins.   The presence of these fractures suggests that significant hydrocarbon migration 

could have taken place by the availability of a vertical conduit through impermeable 

shales and marls into the Lincoln Member of the Greenhorn Formation.  Considering the 

lower member of the Graneros Formation is the one of the most organic-rich zones,  
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Figure 3.16  Core description sheet 1 of 4 from the Aristocrat Angus 12-8. 
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Figure 3.17  Core description sheet 2 of 4 from the Aristocrat Angus 12-8. 
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Figure 3.18  Core description sheet 3 of 4 from the Aristocrat Angus 12-8. 
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Figure 3.19  Core description sheet 4 of 4 from the Aristocrat Angus 12-8. 
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Figure 3.20  Core photos 1-4 from Aristocrat Angus 12-8 core description. 
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Figure 3.21  Core photos 5-8 from Aristocrat Angus 12-8 core description. 
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Figure 3.22  Core photos 9-12 from Aristocrat Angus 12-8 core description. 
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Figure 3.23  Core photos 13-16 from Aristocrat Angus 12-8 core description. 
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Figure 3.24  Core photos 17-20 from Aristocrat Angus 12-8 core description. 
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Figure 3.25  Core photos 21-24 from Aristocrat Angus 12-8 core description. 
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Figure 3.26  Core photos 25-28 from Aristocrat Angus 12-8 core description. 
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Figure 3.27  Core photos 29-32 from Aristocrat Angus 12-8 core description. 
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identified fractures provide evidence of another additional source interval that could 

potentially charge Lincoln reservoir units.   

 Log-derived TOC values closely match measured TOC values throughout the 

entire described Graneros interval.  This allows for accurate modeling of calculated TOC 

and predicted thermal maturity values for the Graneros Formation which gives further 

understanding to petroleum potential of this source rock (Passey et al., 1990). 

 

Figure 3.28  Core photograph of a low- to moderate-angle 

shear fracture present in the Graneros Formation (core depth 

of 7656 ft). 



75 
 

 The Lincoln Member of the Greenhorn Formation represents the first of two 

reservoir units in the study interval (Figure 3.22 and 3.23).  Reservoir facies are 

represented in chalk intervals consisting of wavy- and parallel bedded layers of carbonate 

fecal pellets.  It is assumed that the 1 to 2 ft thick chalk zones contain a slight amount of 

porosity that provides storage for hydrocarbons.  These thin layers of carbonate reservoir 

are often interbedded with organic-rich marl.  The overall clay content within the Lincoln 

is fairly high considering the thin, interbedded nature of the chalk (reservoir) and marl 

(potential source) facies.  This leads to a significantly suppressed resistivity response 

despite the presence of hydrocarbons.  The presence of hydrocarbon saturation is proven 

in numerous Type I shows throughout the Upper Graneros and Lincoln Member in the 

Denver Basin (Schowalter and Hess, 1982).  Significant DST (drill stem test) recoveries 

through these two units are most likely caused by the presence of numerous low- to 

moderate-angle fractures identified in the core.  A slight increase in resistivity can be 

seen associated with a highly fractured zone next to several low- to moderate-angle 

fractures in the base of the Lincoln Member (Figure 3.19 and 3.29).  These highly 

fractured zones are believed to be the delivery pathway for hydrocarbons throughout the 

upper Graneros and Lincoln Member as well as a migration pathway between the highly 

organic-rich lower Graneros and reservoir facies within the Lincoln Member. 

 The Hartland Member of the Greenhorn Formation is a fairly homogenous 

interval of dark-colored, organic-rich marl with a few very thin intervals of carbonate 

pellets (Figure 3.17 and 3.18).  The presence of carbonate fecal pellets within marl facies, 

as well as bentonite concentration, increases in the Hartland Member.  Minimal fractures 

were seen along with a complete absence of the previously mentioned shear fractures. 
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Figure 3.29  Highly fractured zone related to low-angle fractures similar to the 

one in Figure 3.28.  This zone directly correlates to a resistivity high in the 

Lincoln Member of the Greenhorn Formation.  Fractures are believed to be a 

hydrocarbon migration pathway. 
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 As with the Graneros Formation, the log-derived TOC values closely match 

measured TOC values throughout the Hartland Member.  This relationship allows for 

accurate modeling of log-derived TOC and thermal maturity in the Hartland Member 

(Passey et al., 1990). 

 The Bridge Creek Member consists of rhythmically interbedded limey-chalk and 

chalk facies with organic-rich marl (Figure 3.16 and 3.17).  Limey-chalk facies consist of 

very fine-grained, massive carbonate rich beds that are ½ to 1 ½ ft thick while chalk 

facies are fine-grained wavy- to parallel-bedded carbonate fecal pellets with interbedded 

organic-rich marl.  These facies exist in cyclic couplets starting with a thin limey-chalk 

followed by either wavy- or parallel bedded chalk, and ending with organic-rich marl 

containing interbedded fecal pellets.   The Bridge Creek contains the highest amount of 

carbonate pellets in the study interval which explains why it is called the Second White 

Specks Formation further north into Canada.   

 Although the Bridge Creek is the most carbonate-rich and theoretically most 

brittle rock unit in the study interval, it contains very few fractures when compared to the 

Lincoln Member and the upper member of the Graneros Formation.  This may explain 

why vertical production out of the Bridge Creek Member has been very limited.  The 

Aristocrat Angus 12-8 (Sec.8, T3N, R65W) was completed in the Bridge Creek Member 

and was hydraulically stimulated from 7410 ft-7460 ft (core depth 7376 ft-7434 ft) and 

produced nearly all gas along with >700 barrels of oil to date.  Hydrocarbons are most 

likely in place within limey-chalk and chalk intervals, but due to the limited presence of 

natural fractures will most likely be un-economic via vertical well design.  Resistivity 

responses through the Bridge Creek could also indicate hydrocarbon saturation as a large 



78 
 

part of the section contains values well over 12 ohm-m.  High carbonate content in the 

Bridge Creek, as well as chalk intervals in the Lincoln Member, cause calculated log-

derived TOC values to overestimate organic-richness through these two units.  

The Bridge Creek as well as the Lincoln Member contain an abundance of wavy- 

and parallel-bedded sedimentary structures despite having been deposited at maximum 

transgression and deepest water depths in the WIS.  Strong ocean floor currents along 

with storm-induced energy variations most likely created these disturbances in sediment 

deposition despite what has been thought to be a relatively calm and very low-energy 

environment.  Chalks are often interbedded with mud drapes and very thin layers of 

organic-rich marl. 

 Geochemical analysis shows that predicted or log-derived TOC values closely 

mirror measured TOC values taken from samples throughout source rock intervals in the 

Aristocrat Angus 12-8 (Sec.8, T3N, R65W).  A strong relationship between theoretical 

and true measured values can be seen on the core description and allows for accurate 

modeling of log-derived TOC for the Graneros Formation and Hartland Member of the 

Greenhorn Formation.  SRA data from the Graneros and Greenhorn formations show 

elevated levels of thermal maturation.  Tmax values >470 
o
C usually indicate the source 

rock has been heated past the oil generation window and has entered the wet-gas and dry-

gas windows (Peters, 1986).  Figure 3.30 demonstrates that all of the source rocks within 

the study interval in the Aristocrat Angus 12-8 (Sec.8, T3N, R65W) have surpassed the 

oil-generation phase and have entered wet- and dry-gas generation.  This correlates with 

known source rock maturity in the study area (Higley et al., 1992).  S2 values 

(hydrocarbons generated by pyrolytic degradation of kerogen) are quite low which can be 
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expected considering the amount of thermal maturation the rock has endured.  This 

indicates any kerogens that still remain are exhausted and the source rock has nearly 

reached its generative capacity. 

Figure 3.31 demonstrates the effect low S2 values have on traditional geochemical 

source rock characterization methods.  According to the graph, nearly all source rocks 

within the entire study interval plot as having poor potential to produce hydrocarbons.   

 

OIL WET GAS DRY GAS 

Figure 3.30  Plot of geochemical analysis from samples collected from the Aristocrat 

Angus 12-8 core.  The graph shows increase Tmax, or thermal maturation with depth 

and that all source rocks within the study interval has surpassed the oil-generation phase. 
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This is caused by previously mentioned over-maturation of kerogens within these 

formations causing the data points to shift down.  The data plots in descending 

stratigraphic order which further shows that the deeper the sample was collected, or the 

more mature the sample is, the lower the S2 value will be.  Although the TOC component 

of this plot is excellent, these values are similarly suppressed due to maturation.  When 

the level of thermal maturation is taken into effect, these rocks would qualify as good to 

 

    
 
  

  

Figure 3.31 Plot of geochemical data from samples collected from the Aristocrat Angus 
12-8 core.  Source rocks of the study interval plot as poor quality based on low S2 
values caused by elevated thermal maturation.  When the level of thermal maturity is 
taken into effect, these source rocks would plot as good to excellent. 

Low S2 values due to elevated 
thermal maturation causes data 

to shift down
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excellent source rocks based on their geochemical properties.  SRA data for samples 

taken from the Aristocrat Angus 12-8 (Sec.8, T3N, R65W) core is located in Appendix B. 

 

3.2.4  Cuttings 

 Well cuttings from the Greenhorn Formation were collected from five wells 

throughout the study area.  Source-rock characterization based on pyrolysis analysis 

Figure 3.32  Plot indicating source rock quality based on source rock pyrolysis 

analysis for the Greenhorn Formation.  The Hartland Member is shown to be the 

best source rock within the Greenhorn Formation. 



82 
 

indicates that the Hartland Member is the best source rock within the Greenhorn 

Formation (Figure 3.32).  Several data points from the Lincoln Member also plot in the 

good range for source rocks.  It is important to remember lithology of the units being 

sampled when analyzing SRA cuttings data.  The Hartland Member plots as a very good 

source rock considering that the samples are not mixed with organic-poor carbonate 

chalks as are the Lincoln and Bridge Creek.  Therefore, using cuttings data to analyze 

source-rock quality works well in the Hartland Member, but is a less than ideal technique 

to determine source-rock quality in thin bedded lithologies such as the Lincoln and 

Bridge Creek members. 

Geochemical pyrolysis data shows a direct correlation to maturity variability that 

was identified in Graneros sample pyrolysis.  Tmax values from source-rock pyrolysis 

represent source-rock maturity based on analytical temperatures associated with the 

amount of hydrocarbons that are generated when organic material (kerogen) within the 

rock is heated (Peters, 1986).  Pyrolysis data from the five sample locations indicate 

variable maturation has taken place throughout the study area (Figure 3.33).  The Douthit 

1(Sec.26, T3N, R68W) has the highest Tmax and thus has experienced the greatest 

amount of maturation of the wells that were sampled using cuttings.  This data 

corresponds to the samples proximal location to the previously mentioned Wattenberg 

hot spot (Higley, et al., 2003).  Samples for the UPRR Ferguson 1-31 (Sec.31, T2S, 

R61W) and the Moody Warren 1-12 (Sec.12, T7N, R68W) show that their locations have 

experience lowest levels of maturation within the study area.  Both of the low maturity 

wells indicate that they are close to the onset of oil generation base on their Tmax values 

(Peters, 1986).  Both the Kirchoff 34-25 (Sec.25, T7N, R61W) and the 1-28 State 
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(Sec.26, T3N R68W) are located in the oil generation window according to their Tmax 

values (Peters, 1986).  Values were calculated by averaging a limited number of discrete 

points through the Hartland Member of the Greenhorn Formation in each well. 

 

Figure 3.33  Tmax values (
o
C) collected from source rock pyrolysis for the Hartland 

Member of the Greenhorn Formation.  Chart showing Tmax relationship to maturity is 

shown inset (modified from Peters, 1986). 
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3.2.5 Drill Stem Tests/Historical Data 

Perhaps the most convincing evidence as to the ultimate petroleum potential of 

the Greenhorn Formation is provided through drill stem tests and historical well 

documents.  Research has shown that DST’s have documented numerous Type 1 shows 

(hydrocarbon in continuous phase, therefore an accumulation) and potential production 

opportunities have been discovered (Showalter and Hess, 1982).  However due to limited 

technology at the time of initial discoveries, these discoveries were unsuccessful and 

largely forgotten within the Denver Basin.  At the time of the first Greenhorn discovery 

(1953) at the Sherrod Apperson-#1 Endsley (Sec.6, T3N, R60W) and throughout much of 

the 1960s to 1980s, wildcatters were targeting small conventional oil plays in the Muddy 

(D) and (J) Sandstone in much of the Denver-Julesburg Basin.  Historically drillers 

commonly reported strong Type 1 shows of oil in drilling mud and on mud pits while 

drilling through the Lincoln Member of the Greenhorn Formation.  This evidence of oil 

accumulation within the Greenhorn was the reason why many wildcatters decided to run 

DST’s within what they knew to be a tight shale formation. Notes from Jack D. Gray, a 

wellsite geologist present during the drilling of the Ladd & Lukowicz-Cervi #1-9 (Sec.9, 

T10N, R56W) in 1980, are as follows: 

“…no porosity and permeability, dull yellow fluorescence, good ether cut 

fluorescence.  Oil and gas were encountered in the drilling mud and on the mud 

pits while drilling below [Hartland Member], and this was the reason for the drill 

stem test; … (The) drill stem test of the Greenhorn was run on the strength of the 

oil in the mud and on the pits during the drilling of the Greenhorn.  A decision not 

to attempt completion in the Greenhorn was made because of the apparent 

depletion of the reservoir pressure from the time the Greenhorn was drilled to the 

time it was tested, and because previous attempts to produce this formation have 

not been successful;” 
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The Cervi #1-9 (Sec.9, T10N, R56W) DST was run after the well was drilled to 

its total depth and logged, leaving a significant amount of time between when the 

formation was exposed to well-bore pressures and when the formation was isolated and 

tested using DST tools.  Despite this time laps, “(the) tool opened with a good blow, 

which diminished slightly toward the end of the test.  Gas to surface in 97 (minutes) at a 

rate of 194 MCFPD...  Recovered 579 feet of highly gas cut oil.”   

Numerous other wells throughout the Denver Basin have reported similar 

scenarios.  Notes from the geologist Don Walker during the drilling of the Planet Inc.-

Painter #1(Sec.11, T3N, R61W) in 1975 are as follows: 

 “Shows of oil were noted on fracture planes within Greenhorn section [Lincoln 

Member].  Free oil was noted in the drilling mud at depth [Lincoln Member] with 

a marked increase in free oil on the pits at depth [middle Lincoln Member]…  

Recovered: 3 feet of free oil, 200 feet of oil cut mud [50% oil] …FSIP [final shut 

in pressure] 2941 psi [0.47 psi/ft].” 

 

 One of the largest DST recoveries came from the previously mentioned 

Greenhorn discovery well in 1953, the Sherrod Apperson-#1 Endsley.  Several tests were 

conducted within the Lincoln Member of the Greenhorn Formation with very impressive 

results (Figure 3.34).  The first of the two tests was performed within the upper part of 

the Lincoln Member and reported gas to surface in 8 minutes and recovered 2,760 ft of 

gassy oil in 1 hour.  The second of the two Greenhorn tests was performed in the lower 

part of the Lincoln Member and the upper member of the Graneros Formation and 

reported gas to surface in 20 minutes and recovered 630 ft of free and muddy oil. 

 Most large DST recoveries occur towards the eastern margin of the study area and 

into Morgan County (Figure 3.35).  Although many of these recoveries are quite 
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impressive having reported over 500 ft of oil, these are still not the largest reported Type 

I shows for the Greenhorn Formation in the Denver Basin.  Several wells in the Silo Field 

area of Wyoming have reported incredibly large volumes of oil and gas.  The most 

prolific reported Greenhorn recoveries came from the Louth 14-16 (Sec.16, T14N, 

R63W) with 5,280 feet of gas cut oil along with 2,000 c.c. of free oil, and the Champlin  

283A #1 (Sec.31, T15N, R63W) with 355 BO in 180 minutes (Figure 3.35).  Very large 

Figure 3.34  Open-hole log and notes from DST results from the Greenhorn discovery 

well, Sherrod-Apperson-#1 Endsley (Sec.6, T3N, R60W).  The first test (green) 

recovered 2,760 ft of oil and the second test (purple) recovered 630 ft of oil. 
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shows identified in Wyoming are most likely influenced by wrench faulting associated 

with Silo Field (Sonnenberg and Weimer, 1993).  

It is important to note that the previously mentioned recoveries and others seen in 

Figure 3.35 were reported out of a tight shale formation without stimulation.  Therefore, a 

strong case of enhanced localized natural fractures (similar to those seen in the core) or 

fracture swarms can be made based from this data.  It is also important to understand the 

reason why these wells failed to produce significant amounts of hydrocarbons.  Early 

discovery wells in the mid-1950s were often completed in the Greenhorn, but due to the 

lack of understanding or even the slightest idea about tight unconventional reservoirs 

many of the wells were plugged and abandoned.  Within a few months of completion 

most of these wells experienced a drastic decline in production.  This indicates that most 

production likely came from local natural fractures and once these fractures were drained, 

little if any hydrocarbons were able to make their way through the tight formation to be 

produced.  This explains the drastic decrease in production and why several tests reported 

quick depletion of reservoir pressure. 

Later in the 1970s and 1980s several operators attempted to complete wells in the 

Lincoln Member of the Greenhorn Formation using hydraulic fracture stimulation.  This 

procedure saw a slight increase in production potential for the Lincoln Member, but still 

did not yield economic amounts of hydrocarbons due to small, poorly designed vertical 

stimulations.  Several more Greenhorn wells were completed in the 1990s and into the 

2000s using newer fracture technology and larger treatments.  Although advanced 

hydraulic fracture technology should have led to increased production, economical 

accumulations of hydrocarbons were still not found in the Greenhorn.  A critical flaw in  
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fracture design may be the culprit for this limited production.  Research has shown that 

several instances when Greenhorn was hydraulically stimulated, it was commonly 

commingled with the Codell.  Therefore, two formations were attempted to be treated 

within the same fracture stage.  Common knowledge tells us that a fracture is going to 

follow the path least resistance so the bulk of the treatment will most likely stimulate the 

formation that is most easy to break down or fracture.  Considering the Lincoln Member 

is a tight shale formation that is over 200 ft below the Codell Sandstone, it is assumed 

that the vast majority of the treatment would go into the sandstone interval due the 

reduced amount of hydrostatic pressure.  Therefore, a large percentage of the Lincoln 

Member would remain untreated and retain any hydrocarbons instead of producing them. 

 Due to limited data, accurate production mapping was unable to be determined.  

Very few wells have reported Greenhorn or Graneros production within the study area. 

When production was reported it was commonly commingled with additional producing 

horizons which make it impossible to determine what has specifically been produced 

from the horizon of interest. 

 A datasheet containing each formation test mentioned and represented in Figure 

3.35 is available in Appendix D. 

  



90 
 

CHAPTER 4 

INTERPRETATIONS 

 

Taking into account all the findings presented in this research, several 

interpretations concerning petroleum potential within the Greenhorn and Graneros 

formations can be determined.  Petrophysical mapping, core, outcrop, and historical well 

documentation provide credence to support the hypothesis that these two stratigraphic 

intervals could produce significant amounts of hydrocarbons in and around the GWA.  

Both formations contain mature, organic-rich source rocks which are interbedded with 

potential reservoir units in the Greenhorn Formation. 

This research shows the Lincoln Member of the Greenhorn Formation to be the 

best reservoir horizon within the study interval and portrays it to be a viable 

unconventional resource play with definite petroleum potential within the GWA (Figure 

4.1).   The Lincoln reservoir unit is a heavily fractured interval of organic-rich marl and 

fine-bedded pellet-rich chalk with numerous accounts of significant Type I oil shows.  

Due to the clay-rich nature of this rock, traditional unconventional exploration techniques 

such as using resistivity responses to represent oil saturation do not sufficiently identify 

hydrocarbon accumulation properties within this rock unit.  The resistivity response of 

this hydrocarbon-saturated rock is significantly suppressed because of a high amount of 

electrically conductive, thin, clay-interbeds.  Deep investigation resistivity tools simply 

do not have high enough resolution to identify the thin bedded carbonate chalk reservoirs. 
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Despite a lack of high resistivity, significant hydrocarbon accumulations are 

documented in the Lincoln Member and upper Graneros member in numerous Type 1 

shows throughout the Denver Basin.  These very strong shows often resulted in 

completion of the Lincoln Member even though economic Greenhorn production had 

never been established in the basin.  Findings from the core description explain why large 

Type 1 shows take place in the mentioned intervals and not in the more carbonate rich, 

theoretically better reservoir of the Bridge Creek Member.  The presence of numerous 

low- to moderate-angle shear fractures in the Lincoln and upper Graneros member could 

explain why nearly all shows come from this unit and not from the less fractured Bridge 

Creek Member.  The low-angle shear fractures provide a well-bore deliverability pathway 

within the low-permeability reservoir of the Lincoln Member.  This also explains why 

rapid decline of formation pressure during DST’s and the drastic decrease in production 

for completed wells occurred.  This often resulted in wells (early discoveries that were 

not hydraulically stimulated) having to be plugged and abandoned within a year of 

completion.  Hydrocarbons are most likely stored in the tight matrix of the interbedded 

chalk and marl facies so once the highly permeable fractures (migration pathway) were 

drained, little to no production was possible based on limited technology. 

Because of significant advancement in drilling and completion technology, the 

largely forgotten hydrocarbon accumulations within the Lincoln Member of the 

Greenhorn Formation can now be exploited.  Horizontal drilling and multi-stage 

hydraulic fracture treatments could make this previous poorly understand, un-economic 

reservoir into a viable and lucrative unconventional resource (Figure 4.1).  Hydrocarbons 

that are stored within the tight matrix of the Lincoln Member of the Greenhorn Formation 
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can now be produced by intersecting a much greater number of natural fractures while 

also creating addition hydrocarbon pathways within the reservoir unit. 

Based on previous work and geochemical data from this research, thermogenic 

maturation of multiple organic-rich source horizons is evident within the study 

boundaries.  However, additional findings presented in this thesis indicate that oil 

generation has occurred further east in the basin than had previously been assumed.  

Mapping of Type I shows gives credence to the notion that thermal maturation has taken 

place east of the GWA and well into western Morgan and central Weld counties.  Source 

rock analysis shows that organic-rich intervals of the Graneros and Greenhorn formations 

are mature, having reached wet- and dry-gas generation windows within the study area.  

Therefore, show data and geochemical data are in complete agreement with one another 

and can be interpreted that the presence of an oil generation fairway is present east of the 

study area in the shallower parts of the basin.  

Geochemical analysis of the Aristocrat Angus 12-8 (Sec.8, T3N, R65W) shows 

nearly complete maturation of organic matter at associated TOC levels <2.5 wt. %.  

Therefore, it is determined that source rocks of the Lincoln Member of the Greenhorn 

Formation and the Graneros Formation in this area are in the wet- to dry-gas generation 

window based on log-derived values (Figure 4.2 and 4.3) .  A northeast trend of TOC 

values >2.5 wt. %, but <4 wt. %, is interpreted as the gas-generation window, and can be 

seen extending from the center of the GWA to well outside the northeastern boundaries 

of the study area.  This is believed to be the result of increased thermal maturation 

associated with the Colorado Mineral Belt (Higley et al., 1985). TOC values> 4% wt. %, 

but <6 wt. % are interpreted to be in the wet-gas and oil generation  
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Figure 4.2  Log-derived TOC, interpreted thermal maturity, and Tmax values (blue 

triangles) for the Hartland  Member of the Greenhorn  Formation along with Type I shows 

from Lincoln Member DST tests.  Colors were chosen to identify the corresponding 

hydrocarbon generation windows (immature->6 % TOC; oil generation-<6%, >4%; wet 

gas generation-<4%, >3%; dry-gas generation <3%)  Theoretical hydrocarbon generation 

windows within the Graneros Formation have a very strong correlation to Type I shows 

from DST test within the Lincoln Member of the Greenhorn Formation.  The Aristocrat 

Angus 12-8 (Sec.8 T3N R65W ; blue half-circle) has recovered mainly gas with 700 

barrels of oil to date which correlates to calculated maturity.  
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Figure 4.3  Log-derived TOC, interpreted thermal maturity, and Tmax values (blue 

triangles) for the Graneros  Formation along with Type I shows from Lincoln Member 

DST tests.  Colors were chosen to identify the corresponding hydrocarbon generation 

windows (immature->6 % TOC; oil generation-<6%, >4%; wet gas generation-<4%, >3%; 

dry-gas generation <3%)  Theoretical hydrocarbon generation windows within the 

Graneros Formation have a very strong correlation to Type I shows from DST test within 

the Lincoln Member of the Greenhorn Formation.  The Aristocrat Angus 12-8 (Sec.8 T3N 

R65W ; blue half-circle) has recovered mainly gas with 700 barrels of oil to date which 

correlates to calculated maturity. 
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windows and can be seen throughout most of the western part of the study area and in 

close proximity to the gas generation window towards the eastern part of the study area.  

This indicates an increased change in geothermal gradient towards the northwest corner 

of the GWA.  TOC values >6 wt. %, but <8 wt. % are interpreted to represent the onset of 

the oil generation and immature source rock.  The southeast corner of the study area 

indicates that this is one of the least mature areas of the Graneros Formation in the study 

area.  TOC values >8 wt. %, but <10 wt. % can be seen in the northwest corner of the 

map and represent immature, water-saturated source rock.   

DST data compliments these data by showing Type I shows of oil, gas, and non-

hydrocarbons in their respective windows.  Large DST recoveries west of the study area 

lie directly in the predicted oil generation window while several gas recoveries lie in the 

predicted wet- and dry-gas windows.  The Aristocrat Angus 12-8 (Sec.8, T3N, R65W) 

lies within the predicted wet-gas window and has produced mainly gas along with 700 

barrels of oil to date.  The DST for the Aristocrat Angus 12-8 (Sec.8, T3N, R65W) 

recorded a gas-to-oil ratio (GOR) of 19,100:1 (cubic ft gas per barrel oil) for the 

Greenhorn Formation which would be expected at the derived maturity levels.   Several 

DST recoveries with mud-cut-oil indicate that they are very close to, if not already in, the 

oil generation window.  These shows can be traced around the predicted oil generation 

window. 

Based on this interpretation it is assumed that the Greenhorn exploration well, 

Douthit 32-36HZ (Sec.26, T3N, R68W); Figure 1.7) was definitely drilled in a mature 

location for the Greenhorn and Graneros formations.  Therefore, it is predicted that the 

well will produce hydrocarbons will a fairly high GOR. 
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 Source rock pyrolysis from cuttings samples also show that there are considerable 

variations in thermal maturation of the Greenhorn and Graneros formations in and around 

the study area.  Thermal maturation values inferred from Tmax values from SRA data re-

enforce interpretation from log-derived, DST, and geologic data collected in this study.  

High Tmax values in the Douthit 1 (Sec.26, T3N, R68W) correlate with interpreted 

hydrocarbon generation windows by indicating that source rocks of the Greenhorn and 

Graneros formations have been heated significantly past the onset of oil generation and 

are close to gas generation.  Tmax values in the Moody Warren 1-12 (Sec.12, T7N,  

R68W) and the UPRR Ferguson 1-31 (Sec.31, T2S, R61W) also compliment the 

interpreted maturation contours by indicating that they are located in less mature areas 

and located in, or very proximal to the onset of oil generation window.  The Kirchoff 34-

25 (Sec.25, T7N,  R61W) and the 1-28 State (Sec.26, T13N,  R68W) both have Tmax 

values indicating that they are in the peak oil generation window which directly 

correlates to their position within the predicted oil generation fairway. 

Geochemical data from previous work as well as that provided in this thesis 

indicate that source rocks of the study interval, particularly the “hot shale” of the lower 

member of the Graneros Shale described by Weimer (1996), have most likely generated a 

significant amount of hydrocarbons within the study area.  Although the lower Graneros 

is one of the source rocks most likely to generate hydrocarbons within the study interval, 

it is isolated from the closest unconventional reservoir unit, the Lincoln Member of the 

Greenhorn Formation, by the low permeability shales of the upper Graneros member.  

Findings made during core and outcrop analysis provide a mechanism to allow for 

hydrocarbon migration between the organic-rich lower Graneros member and the 
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reservoir interval of the Lincoln Member despite being separated by impermeable shales.  

The presence of numerous low-angle shear fractures in both the upper Graneros and the 

Lincoln Member provide a direct conduit for hydrocarbons expelled from the lower 

Graneros to the reservoir units of the Lincoln (Figure 4.4).  Isopach mapping shows the 

upper Graneros to be somewhat thin (<50 ft) which provides additional reasoning that 

hydrocarbon migration could have easily taken place between the lower Graneros and 

Lincoln members.  

Isopach mapping of the Graneros Formation shows it to be fairly consistent in 

thickness throughout the GWA and westward in the basin; therefore, generating capacity 

based on interval thickness should not vary too significantly.   Isopach mapping of the 

Hartland Member of the Greenhorn Formation shows its generating capacity based on 

interval thickness to increase further west of the GWA.  Calculated maturity predicts 

hydrocarbon generation has taken place with Hartland Member west of the study area, 

therefore, this interval could be major source rock for not only the reservoir units of the 

Greenhorn Formation, but also a source for other additional reservoirs.  The Graneros 

Formation is believed to be a significant source to hydrocarbon accumulations within the 

Lincoln Member throughout the entire Denver Basin (where thermally mature). 

Although the Bridge Creek is considered a reservoir unit, geochemical analysis 

done by previous researchers and provided in this thesis show that it contains several 

intervals of organic-rich marl source rocks as well.  These source intervals could produce 

generous amounts of hydrocarbons despite being interbedded with tight limey-chalks.  

Multiple intervals of the of oil generative marls, although stratigraphically isolated from 

one another, could communicate and charge additional reservoirs other than limey-chalks  
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in the Bridge Creek.  Average resistivity mapping of the Bridge Creek member shows a 

trend that mirrors that of the Codell sandstone: a well-known, prolific, hydrocarbon 

reservoir within the GWA.  This finding suggests that oil generation within the Bridge 

Creek and potentially the upper Hartland could influence hydrocarbon accumulations 

within the Codell Sandstone in the GWA.   

Outcrop analysis shows that the possibility of the Bridge Creek Member 

influencing or even contributing to hydrocarbon accumulation within the Codell 

Sandstone is very plausible despite two units being separated by low permeability Carlile 

Shale.  The Carlile Formation is relatively thin at Lykins Gulch Canyon as wells 

throughout much of the study are.  Considering significant hydrocarbon generation has 

taken place in the in the central part of the GWA, the Bridge Creek may have become 

heavily over-pressured resulting in hydrocarbon migration through the thin Carlile 

Formation and into reservoir rocks of the Codell Sandstone.  
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Figure 4.5  Map of Bridge Creek Member average resistivity with wells producing from 

the Codell Formation overlain.  This data suggests probable influence of Bridge Creek 

hydrocarbon properties with Codell production.  The Wattenberg Field is outlined with a 

purple dashed line. 
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CHAPTER 5 

SUMMARY AND CONCLUSIONS 

 

The findings presented in this thesis demonstrate that several reservoir units 

within the Greenhorn Formation have potential for yielding unconventional hydrocarbons 

within and around the GWA.  Substantial evidence is presented indicating that the 

Lincoln Member contains a significant amount of hydrocarbons and is adjacent to several 

mature, organic-rich source rocks.  This research indicates that with the aid of current 

advances in horizontal drilling and hydraulic fracture stimulation, the Lincoln Member of 

the Greenhorn Formation contains unconventional reservoir characteristics to become an 

economic play in and around the Greater Wattenberg Area. 

1. Data from log-derived TOC, Type I shows from formation DST’s, 

geochemical analysis, and geological characterization of the units with the 

study interval, all correlate together to indicate that source-rock maturation 

and hydrocarbon accumulation has taken place within the Greenhorn and 

Graneros formations in the study area.  The Lincoln Member of the Greenhorn 

Formation is considered to have the highest potential to yield unconventional 

hydrocarbons within the study interval.  Numerous Type I shows within this 

unit proves that accumulations exist.  Low- to moderate-angle fractures 

provide well bore deliverability as well as a migration pathway between 

source and reservoir rock.   
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2. Drill stem tests along with historical well documents indicate a substantial 

amount of oil-in-place within the Lincoln Member of the Greenhorn 

Formation and explains why the interval has yet to produce economic 

hydrocarbons.  Numerous DST’s document over 500 ft of oil recoveries (Type 

I show) from within this member with several recovering over 1,000 ft of oil.  

Historical well documents show the reasoning for limited production is due to 

either a) lack of knowledge about unconventional reservoirs at the time of 

discovery, b) insufficient hydraulic fracturing technology, c) faulty well 

completion design, or d) lack of horizontal drilling technology. 

3. Core descriptions show that the upper member of the Graneros Formation and 

Lincoln Member of the Greenhorn Formation contain an abundance of low- to 

moderate-angle fractures.  DST data document that most Type I oil shows 

were recovered from these two intervals leading to the conclusion that the 

low- to moderate-angle shear fractures documented in this research provide 

significant well-bore deliverability and a migration pathway as well as 

contributing to hydrocarbon storage within the described interval. 

4. Geochemical analysis of core and well cuttings show that source-rock 

intervals of both the Greenhorn and Graneros are organic-rich and provide 

good source rocks for hydrocarbon generation.  This data also shows that 

thermal maturation has occurred throughout much of the study area as well as 

further west in the basin.  Subsurface isopach mapping shows that both 

intervals are of sufficient thicknesses to produce significant amounts of 

hydrocarbons. 
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5. Geologic characterization of reservoir units of the Greenhorn Formation 

identifies the thin bedded lithology of both intervals.  This thin bed effect has 

played a major role in the lack of exploration of the Lincoln Member despite 

historical documentation of oil occurrence.  The interbedded lithology of clay-

rich, very conductive marls, with thin, less conductive chalks has created 

“hidden pay” in a zone of significantly suppressed resistivity.  Resistive 

hydrocarbon-saturated reservoir zones are not accurately recognized on 

subsurface logs because they are not thick enough to be identified by a deep 

investigation resistivity tool due to averaged values over several facies.  This 

finding suggests that the practice of using standard resistivity values to 

indicate oil saturation does not identify oil saturation within the Lincoln 

Member of the Greenhorn Formation. 

6. Log-derived TOC and thermal maturity mapping of the Douthit 32-36HZ 

(Sec.26, T3N, R68W) exploration well indicates it was definitely drilled in a 

mature location for the Greenhorn and Graneros formations and the well will 

most likely produce hydrocarbons with a fairly high GOR. 
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  CHAPTER 6 

FUTURE WORK 

 

This study shows that potential for hydrocarbon production does exist for the 

study interval within the GWA, however in order to completely evaluate the ultimate 

petroleum potential of the Greenhorn and Graneros formations, this research will have to 

be complimented with further work.  The following recommendations are suggested in 

order to provide sufficient evidence of economic accumulations of hydrocarbons within 

the GWA and surrounding areas in the Denver Basin. 

1. It will be very important to determine accurate porosity and oil saturation 

values for reservoir units and identify what contribution this matrix porosity 

will provide for hydrocarbon production. 

2. Construct a petrophysical model to predict oil-in-place in order to determine 

economic potential. 

3. Conduct a high-resolution seismic investigation to identify the precise 

locations of faulted zones which could produce an elevated level of localized 

natural fractures. 

4. Investigate potential shallow biogenic gas occurrence in the shallower parts of 

the eastern Denver Basin within the Greenhorn Formation. 

5. Research the contribution of Bridge Creek and Hartland hydrocarbon 

generation to Codell Sandstone hydrocarbon accumulations. 
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6. Identify additional natural fracture properties within the two reservoir units 

and determine their association with local faults. 

7. Extend study boundaries to investigate shallower, less mature areas within the 

Denver Basin.  The findings presented in this thesis suggest that several areas 

outside the GWA could be potentially productive (southern Denver Basin and 

Grover-Hereford Area, Colorado). 

8. Analyze production data from exploration well (s) and obtain good 

production-decline curves to estimate approximate EUR’s (estimated ultimate 

recovery) per well. 

9. Investigate possible organo-porosity within source-rock intervals. 
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APPENDIX A:  Outcrop Analysis 

 

  

APPENDIX A:  OUTCROP ANALYSIS 
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ID 
Total 

[ppm] 
K[ppm] U[ppm] Th[ppm] 

Dose 

(nSv/h) 
Height (ft) 

  

5592 213.2 1.92 4.3 11.57 91 1.2 

 5593 306.7 2.74 8.2 12.54 130 2.4 

 5594 233.4 1.74 5.87 14.09 106 3.5 

 5597 330.8 1.84 9.27 19.58 145 4.7 

 5598 223.8 1.22 6.41 15.24 105 5.9 

 5599 264.5 1.68 8.46 15.98 127 7.1 

 5600 284.6 2.26 6.1 18.32 128 8.2 

 5601 259.2 1.6 7.47 15.78 119 9.4 

 5602 209.4 1.41 5.95 14.56 103 10.6 

 5603 205.2 1.29 6.17 11.47 93 11.8 

 5604 246.8 1.61 8.84 13.25 120 13 

 5607 208.6 1.54 4.55 18.32 108 14.1 

 5608 195.6 1.32 6.01 9.59 87 15.3 

 5609 175.8 1.46 6.5 6.31 82 16.5 

 5613 216.5 1.91 5.17 13.64 103 17.7 

 5616 195 1.85 4.8 9.73 87 18.9 

 5618 196.5 1.89 4.95 14.41 103 20 

 5621 192.7 1.65 5.31 10.92 91 21.2 

 5622 184.4 1.73 2.79 13.99 86 22.4 

 5623 176 1.65 0.74 13.34 70 23.6 

 5624 188.1 1.35 2.31 11.78 71 24.7 

 5626 205.6 1.63 7.29 11.95 106 25.9 

 5628 181.1 1.59 1.4 13.84 75 27.1 

 5632 178.8 1.6 2.9 10.35 74 28.3 

 5633 219 1.73 5.8 13.89 105 29.5 

 5635 186.3 1.2 5.63 11.56 88 30.6 

 5636 203 1.6 4.31 12.64 90 31.8 

 5638 155.5 1.52 2.96 9.64 71 33 

 5639 187.6 1.51 5.38 8.29 81 34.2 

 5640 213.6 1.55 6.02 10.15 92 35.4 

 5641 191.2 1.2 4.38 9.93 76 36.5 

 5655 190.1 1.75 5.02 10.66 90 37.7 

 5661 181.2 1.28 3.69 14.41 86 38.9 

 5662 200.5 1.84 4.65 9.88 87 40.1 

 5664 189.6 1.69 2.85 13.16 83 41.2 

 5665 183 1.84 3.94 9.59 81 42.4 

 5668 196.5 1.91 4.35 15.44 103 43.6 

 5669 204.5 1.61 5.11 10.69 89 44.8 

 5672 232.1 1.9 3.45 17.9 105 46 

 5674 231.7 1.92 5.1 8.64 87 47.1 
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ID 
Total 

[ppm] 
K[ppm] U[ppm] Th[ppm] 

Dose 

(nSv/h) 

Height 

(ft) 

         

5679 197.6 1.36 4.38 14.03 91 49.5 

 5688 196.2 1.77 4.81 6.42 76 50.7 

 5689 222.6 1.5 6.82 8.38 91 51.9 

 5691 261 2.62 5.27 12.15 109 53 

 5692 220.8 1.48 6.05 16.31 110 54.2 

 5695 191.7 1.78 3.09 10.52 78 55.4 

 5706 210.9 2.04 7.08 7.53 98 56.6 

 5711 274.3 2.75 6.4 12.64 120 57.7 

 5713 314 3.75 2.54 20.99 136 58.9 

 5716 255.1 1.88 7.85 13.28 118 60.1 

 5718 218.5 1.97 3.98 14.24 98 61.3 

 5720 229.2 2.58 6.59 11.78 116 62.5 

 5723 248.8 1.73 8.21 10.75 110 63.6 

 5724 239.3 2 5.26 16.42 113 64.8 

 5727 318.7 3.28 0.85 21.53 121 66 

 5729 357.6 2.63 4.96 29.67 161 67.2 

 5736 325.3 2.95 9.11 16.94 153 71.7 

 5740 326.5 3.71 3.45 21.27 142 75.6 

 5742 278.2 2.63 4.35 19.42 126 79.6 

 5745 307.9 2.94 6.74 17.41 139 83.5 

 5752 240.2 2.37 3.47 13.52 142 87.4 

 5751 274.4 2.31 6.71 14.12 120 91.4 

 5754 259.9 2.49 2.95 10.93 141 95.3 

 5755 299.9 2.63 6.8 19.26 121 99.2 

 5757 284.6 2.28 5.43 17.27 138 103.1 

 5761 271.5 2.24 4.55 19.36 121 107.7 

 5763 263 2.23 5.77 18.67 126 109.5 

 5765 273.8 2.15 5.02 17.1 116 111.3 

 5767 286.7 2.5 4.57 14.95 112 113.1 

 5770 212.3 1.72 7.79 10.22 105 114.9 

 5775 305.1 2.3 4.68 23.25 135 116.7 

 5778 257.9 1.57 5.5 19.22 117 118.5 

 5779 241 1.44 4.8 20.19 113 120.3 

 5782 236.9 1.38 6.11 14.72 104 122.1 

 5794 262.2 2.05 5.61 14.61 110 127.5 

 5797 249.3 2.12 5.59 13.65 108 129.3 

 5800 254.1 2.04 4.81 15.99 110 131.1 

 5803 234.9 2.18 3.99 11.3 92 132.9 

 5805 261.8 2.28 6.28 19.73 134 134.7 

 5808 267 2.59 3.79 18.34 119 138.3 
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ID 
Total 

[ppm] 
K[ppm] U[ppm] Th[ppm] 

Dose 

(nSv/h) 

Height 

(ft)  

        

5812 236.7 2.2 3 14.21 95 140.1 

 5815 196.7 1.12 4.82 15.32 94 141.9 
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APPENDIX B: Core Analysis 
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Sample 

ID 

Core 

Depth (ft) 

Weight 

(mg) 
S1 S2 S3 

Tmax 

(
o
C) 

TOC 

(%) 
HI OI PI 

           

BC20 7388 64.4 5.11 5.33 0.33 468.6 2.55 208 13 0.49 

BC19 7396 64.2 5.06 5.38 0.27 446.0 2.62 206 10 0.48 

BC18 7404.5 64.6 1.41 1.25 0.33 471.4 2.09 60 16 0.53 

BC17 7411 65.8 2 1.63 0.28 475.9 2.74 59 10 0.55 

BC16 7415 64.4 2.39 2.11 0.46 465.6 3.38 63 14 0.53 

BC15 7419 64.8 1.83 1.57 0.31 469 2.43 64 13 0.54 

BC14 7423 65.5 2.9 2.41 0.21 478 3.44 70 6 0.55 

BC13 7428 65.2 2.39 2.01 0.31 486.4 3.29 61 9 0.54 

BC12 7430 65.4 1.85 0.89 0.34 463.7 1.46 61 23 0.67 

BC11 7432 64.8 0.92 0.68 0.23 382.5 0.76 89 31 0.58 

BC10 7438.5 64.5 2.07 1.84 0.42 477 3.09 60 14 0.53 

BC9 7440 65.8 1.08 0.75 0.31 322.7 0.93 80 33 0.59 

BC8 7446 64.3 2.03 1.82 0.36 492.5 3 61 12 0.53 

BC7 7447 64 0.82 0.64 0.34 417.6 0.55 115 62 0.56 

BC6 7448 64 1 0.91 0.28 496.2 1.5 60 19 0.52 

BC5 7449 64.4 1.27 1 0.43 477.6 2.08 48 21 0.56 

BC4 7454 64.3 0.92 0.76 0.27 484.9 1.48 52 18 0.55 

BC3 7460 65.6 1.59 1.26 0.59 500.5 2.15 59 27 0.56 

BC2 7469 65 0.75 0.55 0.32 433.3 0.97 57 34 0.58 

BC1 7472 65.7 0.91 0.56 0.34 432.7 0.72 77 47 0.62 

H17 7474 64.3 1.35 1.25 0.39 491.6 2.6 48 15 0.52 

H16 7479 64 2.06 1.92 0.45 483.4 3.57 54 13 0.52 

H15 7483 64.8 1.81 1.63 0.3 479.7 3.13 52 10 0.53 

H14 7487.5 65 1.94 1.76 0.28 486 3.33 53 8 0.52 

H13 7493 65.5 1.91 1.83 0.3 495.8 3.44 53 9 0.51 

H12 7497 64 2.07 1.99 0.31 487.5 4.01 50 8 0.51 

H11 7502 64 2.08 1.68 0.38 482.3 3.32 51 12 0.55 

H10 7508.5 64 1.32 0.98 0.39 495.4 2.17 45 18 0.57 

H9 7512 64 1.67 1.4 0.4 497.7 2.88 49 14 0.54 

H8 7516 64.5 1.76 1.4 0.33 485.7 3.04 46 11 0.56 

H7 7523 64.8 1.91 1.38 0.55 488 2.76 50 20 0.58 

H6 7526 65.7 0.69 0.63 0.38 490.6 2.55 25 15 0.52 

H5 7531 66.2 0.88 0.81 0.26 482.2 2.95 27 9 0.52 

H4 7536.5 64.6 0.92 0.85 0.38 480.6 3.4 25 11 0.52 

H3 7539 65.2 0.9 0.79 0.33 483.9 3.41 23 10 0.53 

H2 7544 65.2 1.05 1 0.44 482.6 3.55 28 12 0.51 

H1 7547 64.3 5.02 5.12 0.46 485.3 4.04 127 11 0.5 

L17 7550 64.3 6.06 6.85 0.21 491.1 4.32 159 5 0.47 

L16 7557 64.8 1.33 1.47 0.25 477.3 3.68 40 7 0.47 
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Sample 

ID 

Core 

Depth (ft) 

Weight 

(mg) 
S1 S2 S3 

Tmax 

(
o
C) 

TOC 

(%) 
HI OI PI 

           

L15 7561 64.1 5.9 6.32 0.33 486.5 3.97 159 8 0.48 

L14 7567 64.2 6.46 7.29 0.39 476.1 4.73 154 8 0.47 

L13 7571 64.2 5.7 6.27 0.28 472.0 4.44 141 6 0.48 

L12 7575 64.6 5.03 4.93 0.33 498.7 3.63 136 9 0.5 

L11 7579.5 65 0.75 0.78 0.67 471.1 2.67 29 25 0.49 

L10 7585.5 65.6 1.04 1.15 0.39 490.6 2.49 46 16 0.48 

L9  7590 65 1.26 1.06 0.57 479.7 2.25 47 25 0.54 

L8 7595 65.1 1.11 1.05 0.54 484.4 2.62 40 21 0.51 

L7 7599.8 64.4 0.53 0.53 0.75 473.8 2.74 19 27 0.5 

L6 7609 64.9 0.8 0.85 0.52 498.3 2.07 41 25 0.48 

L5 7614.3 64.7 0.97 0.91 0.72 499.8 2.08 44 35 0.52 

L4 7619 66.2 0.68 1.11 0.42 495.6 2.18 51 19 0.38 

L3 7622.8 64.3 0.88 0.76 0.53 489.2 2.41 32 22 0.54 

L2 7627 64.9 0.99 1.09 0.36 499.7 4.08 27 9 0.48 

L1 7634 67.5 0.88 0.88 0.27 481.8 2.72 32 10 0.5 

G11 7638 64.4 0.36 0.35 0.18 490.1 2.08 17 8 0.51 

G10 7645 65.9 0.54 0.5 0.25 503.2 2.42 21 10 0.52 

G9 7652 64.1 0.45 0.58 0.08 494.2 2.9 20 3 0.44 

G8 7656.5 64.1 0.37 0.52 0.22 499 2.46 21 9 0.42 

G7 7662 64.6 0.27 0.35 0.28 486 1.64 21 17 0.43 

G6 7668 64.5 0.37 0.61 0.19 499.5 3.19 19 6 0.38 

G5 7673 64.1 0.47 0.7 0.22 500 3.49 20 6 0.4 

G4 7676 66.3 0.43 0.63 0.12 501.7 3.66 17 3 0.4 

G3 7681 64.5 0.48 0.67 0.2 500.9 4.03 17 5 0.42 

G2 7685.8 66.8 0.38 0.48 0.2 491.7 2.57 19 8 0.45 

G1 7690 64.9 0.41 0.65 0.21 489.5 3.42 19 6 0.39 

           

 Bridge Creek Hartland      

 Lincoln Graneros      
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APPENDIX C:  Cuttings Analysis 
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Douthit 1   API: 512307207 T3N R68W S26 

Depth 

(ft) 

WEIGHT 

(mg) 
(S1) (S2) Tmax (

o
C) (S3) TOC HI OI PI 

                    

7330 64.6 0.15 1 443.1 0.88 1.84 55 48 0.13 

7350 64.7 0.15 0.96 447.3 0.51 1.76 55 29 0.13 

7420 64.8 0.55 1.32 443.5 0.41 1.59 83 26 0.29 

7430 65.3 0.59 1.53 452.0 0.46 1.71 90 27 0.28 

7510 65.2 0.24 1.4 446 0.89 2.18 64 41 0.15 

7520 65.3 0.24 1.27 447.7 0.86 2.08 61 41 0.16 

7530 65.4 0.24 1.37 445.9 0.91 2.19 63 42 0.15 

7540 65.5 0.49 2.32 442.5 0.92 2.41 96 38 0.18 

7550 64.5 0.53 2.01 442.3 0.9 2.27 89 40 0.21 

7560 65 0.74 1.96 448.5 0.75 2.32 84 32 0.27 

7610 64  0 .76 1.94   448.8 .64   2.09  93 31   0.28 

7620  65.2 0.67     1.36 448   .77 1.94 70   40 0.33 

          

Moody Warren 1-12 API: 0506906121 T7N R68W S12 

Depth 

(ft) 

WEIGHT 

(mg) 
(S1) (S2) Tmax (

o
C) (S3) TOC HI OI PI 

          

6820  65.8 0.6 1.33 437.9 .84 1.4  95   60 0.31  

6840 64  0.61  1.55 431.8  .96  1.48  105   65 0.28  

6860 65.9  0.85  1.96  440.4  .93  1.64   119 57  0.3  

6990 65.6  0.87  2.45   444.6  .87 1.79 137 48  0.26 

7000  64 0.85  2.52  441  .56 1.82 139  31  0.25 

7010 64.7  0.9  2.55  439.9  .88  1.81  140  49   0.26 

7020 65.5  0.96  2.55  437.4  .87  1.97  130  44   0.27 

          

Kirchoff 34-25 API: 0512310125 T7N R61W S25 

Depth 

(ft) 

WEIGHT 

(mg) 
(S1) (S2) Tmax (

o
C) (S3) TOC HI OI PI 

                    

6520 65.8 0.29 1.15 441 0.85 1.64 70 52 0.2 

6600 65 0.27 1.18 438.9 0.67 1.71 69 39 0.19 

6610 65.2 0.26 1.22 438 0.71 1.69 72 42 0.17 

6620 65.8 0.23 1.15 438.9 1 1.65 70 61 0.17 

6630 64.9 0.3 1.4 439.1 0.7 1.72 81 40 0.18 

6640 65.4 0.23 0.94 443.1 1.17 1.75 54 67 0.2 

6650 65.6 0.25 1.32 439 0.97 1.75 75 56 0.16 
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6660 65.3 0.19 0.99 435.3 1.31 1.71 58 77 0.16 

6670 64.8 0.19 1.15 439.5 1.32 1.75 66 76 0.14 

6680 64.8 0.31 1.41 439.5 1.19 1.95 73 61 0.18 

6690 64.9 0.2 1.24 440.2 1.49 1.88 66 79 0.14 

6700 64.6 0.23 1.5 441.3 1.24 2 75 62 0.13 

6710 65.1 0.23 1.46 442.7 1.08 1.82 80 60 0.13 

6720 65.2 0.18 1.25 441.1 1.28 1.72 73 74 0.12 

6730 64.7 0.19 1.33 440.1 1.02 1.71 78 60 0.13 

6740 65 0.23 1.58 439.9 1.19 1.73 91 69 0.13 

6750 65 0.19 1.35 442.6 0.95 1.72 79 56 0.12 

6760 64.9 0.17 1.29 442 1.13 1.68 77 68 0.12 

6770 65.5 0.17 1.36 437.3 1 1.67 81 60 0.11 

6780 64.5 0.16 1.07 439 0.89 1.6 67 55 0.13 

6790 66.9 0.2 1.33 438 0.64 1.69 78 38 0.13 

6810 65.4 0.22 1.22 442.3 0.6 1.81 67 33 0.15 

6820 64.8 0.36 2.06 440.4 0.87 2.17 95 40 0.15 

6830 64.8 0.35 2.18 441.7 1 2.18 100 46 0.14 

6840 65.3 0.44 2.18 442 0.9 2.2 99 41 0.17 

6850 64.9 0.4 1.97 442.9 0.92 2.1 94 44 0.17 

6860 65.1 0.31 1.21 445.6 1.24 2.06 59 60 0.2 

6870 65.4 0.49 2.51 443.2 1.09 2.43 103 45 0.16 

6880 65.6 0.47 2.34 442.3 0.94 2.35 99 40 0.17 

6890 65.3 0.45 2.31 441 0.89 2.26 102 39 0.16 

6900 65.9 0.53 2.37 442 1.02 2.42 98 42 0.18 

6920 65.5 0.65 3.09 446.6 0.89 2.95 105 30 0.17 

6930 65.3 0.43 2.03 442.8 1.03 2.32 88 45 0.18 

                    

1-28 State  API: 0512307207 T3N R68W S26  

Depth 

(ft) 

WEIGHT 

(mg) 
(S1) (S2) Tmax (

o
C) (S3) TOC HI OI PI 

                    

6350 64.8 0.58 5.36 443.5 0.77 3.05 176 25 0.1 

6445 65.1 0.54 5.78 443.9 0.75 3.45 167 22 0.09 

6455 65 0.32 2.36 441.3 0.46 2 118 23 0.12 

6460 65 0.35 3.43 442.3 0.82 2.59 132 32 0.09 

6470 65.5 0.62 5.98 443.3 0.74 3.55 169 21 0.09 

6480 65.1 0.3 2.43 436.5 1.52 2.29 106 66 0.11 

6500 65.2 0.32 2.21 441 1.51 2.16 103 70 0.13 

6510 65.5 0.55 5.86 441.4 0.62 3.02 194 20 0.09 

6520 65.5 0.53 4.88 441.9 0.53 2.67 183 20 0.1 
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6530 65.5 0.46 4.59 441.6 0.79 2.58 178 30 0.09 

6550 65.1 0.72 6.36 442 0.79 3.15 202 25 0.1 

6560 65.5 0.59 6.36 441.8 0.78 3.15 202 25 0.08 

6570 65.3 0.33 4.58 441.1 0.94 3.06 150 31 0.07 

6580 65.1 0.3 3.63 439.9 1.04 2.99 121 35 0.08 

6590 65.8 0.22 0.24 464 1.07 2.63 9 41 0.48 

6600 64.8 0.54 5.16 442.1 0.97 3.3 157 30 0.1 

6610 65.5 0.41 2.31 446.4 0.58 1.92 120 30 0.15 

6620 65.7 0.62 5.31 444.8 0.77 3.19 166 24 0.1 

6630 64.9 0.47 4.76 442.9 0.78 3.11 153 25 0.09 

6700 65.5 0.49 3.61 443.5 0.97 2.47 146 39 0.12 

6710 65 0.42 4.25 444.1 0.84 3.04 140 28 0.09 

6720 65 0.42 3.59 443.5 1.32 2.77 130 48 0.1 

6730 64.5 0.62 5.03 443.5 1.76 3.49 144 50 0.11 

6740 64.5 0.45 2.95 441.9 2.66 2.65 111 101 0.13 

                    

                    

1-31 UPRR-Ferguson   API:      T2S R61W S31 

Depth 

(ft) 

WEIGHT 

(mg) 
(S1) (S2) Tmax (

o
C) (S3) TOC HI OI PI 

                    

6750 64.2 0.51 2.94 432 0.86 1.93 152 45 0.15 

6760 64.4 0.47 2.31 435 1.57 1.68 137 93 0.17 

6770 64.7 0.51 2.64 435 1.09 1.79 147 61 0.16 

6780 64.9 0.51 2.44 434 1.47 1.77 138 83 0.17 

6790 65.4 0.55 2.8 431 0.9 1.82 154 49 0.16 

6910 65.4 0.59 2.85 435.209 0.92 1.88 152 49 0.17 

6955 65.8 0.94 5.25 435.076 0.77 2.46 213 31 0.15 

6965 64 0.79 5.58 438.381 0.79 2.64 212 30 0.12 

6975 65.1 0.79 5.33 437.216 1.76 2.47 216 71 0.13 

                

  Bridge Creek  Hartland             

 Lincoln  Graneros       
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APPENDIX D: Lincoln DST Results 
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Rank UWI/API Well Name Location St. Date Depths DST RESULTS 

1 49021203870000 LOUTH 14-16 
14N-63W-

16 
WY 1986 

8016-

8098 

5280 ft GCO; 2000 ft O; 90 ft M; 

1 CF G 

2 49021201290000 CHAMPLIN 283A #1 
15N-63W-

31 
WY 1977 

8102-

8263 

7700 ft oil and gas; 10 ft mud on 

top; Lincoln and Upper Graneros 

3 05087060630000 ENDSLEY 1 3N-60W-6 CO 1953 
6123-

6185 
2760 ft O; Open 1 hour; Gas to 

surface in 8 minutes; No water;  

3       CO   
6185-

6230 

630 ft O& MCO; Open for 2 

hours; Gas to surface in 20 

minutes; No water 

4 5087065090000 PATTERSON 1 5N-58W-4 CO 1954 
5843-

5965 
1170 ft O; 270 ft HO&GCM 

5 05123053030000 CASTOR 1 7N-59W-34 CO 1954 
6364-

6400 
700 ft O; 300 ft O&GCM 

6 05123051280000 COUNTY 2 3N-61W-1 CO 1953 
6196-

6235 
600 ft O; 330 ft HOCM 

1
2

7
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Rank UWI/API Well Name Location St. Date Depths DST RESULTS 

7 05123100120000 CERVI 1-9 10N-56W-9 CO 1980 
5590-

5669 

579 ft O; Gas to surface in 97 

Min. rate of 794 MCFPD; Tool 

opened with a good blow, which 

diminished slightly toward the 

end of the test; Oil and gas were 

encountered in the drilling mud 

and on the mud pits while 

drilling below 5600 ft and this 

was the reason for the drill stem 

test; Was run on the strength of 

the oil in the mud on the pits 

during the drilling of the 

Greenhorn.  Decision not to 

attempt completion in the 

Greenhorn was made because 

apparent depletion of reservoir 

pressure from the time the 

Greenhorn was drilled to the time 

it was tested, and because 

previous attempts to produce 

this formation have not been 

successful. 

8 05087063400000 MORGAN INVEST 1 5N-59W-31 CO 1958 
5900-

5930 
150 ft O; 360 ft M&GCO 

9 05087075790000 PATTERSON 1 5N-58W-4 CO 1981 
5827-

5900 

105 ft HGCO; 180 ft SGCM; 90 ft 

HG&SOCM 

10 05087060290000 ROBINSON 1 3N-59W-7 CO 1953 
5955-

5995 
40 ft O; 30 ft OCM; 10 ft M 

1
2

8
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Rank UWI/API Well Name Location St. Date Depths DST RESULTS 

11 05123056260000 SIDWELL 1 9N-67W-22 CO 1961 
7915-

8003 
30 ft MCO; 15 ft VSOCM 

12 05121067190000 SKILES 1 1N-54W-30 CO 1954 
4707-

4708 

10 ft O; 60 ft OCM; 245 ft M; 1 

hour; very weak blow air, died 8 

min. 

13 05087075080000 
TWIST-

HARRINGTON 1 
6N-58W-35 CO 1980 

5825-

5920 

5 ft O; 70 ft M; 100 ft 

OC&HGCM; 216 ft O&GCM 

14 05123084580000 PAINTER 1 3N-61W-11 CO 1975 
6240-

6300 

3 ft O; 200 ft OCM;  Shows of oil 

were noted on fracture planes 

within the Greenhorn section 

(6240-6300).  Free oil was noted 

in the drilling mud at depth 

6260' with marked increase in 

free oil on the pits at a depth of 

6300' 

15 49021202640000 MCDOWELL 11-8 #1 13N-63W-8 WY 1982 
8103-

8175 

500 CC O; 2CF G; 312 ft 

HO&GCM; 500 CC M 

16 05087076970000 BRUNELLI 6-2 4N-59W-2 CO 1982 
5847-

5883 

200 CC O; 62 ft MCO; 248 ft 

SG&OCM; 1 CF G; 500 CC M 

17 05123051370000 ORR 1-A 4N-62W-27 CO 1953 
6432-

6505 
60 ft HMCO; 270 GCM 

1
2

9
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Rank UWI/API Well Name Location St. Date Depths DST RESULTS 

1 05087075050000 DOLL 1 5N-58W-5 CO 1980 
5845-

5870 

2500 ft G; 20 ft OCM; 50 ft 

SOCM 

2 49021200480000 GOERTZ 1 13N-63W-4 WY 1969 
7962-

8080 

1638 ft G; 126 ft OCM; 86 ft 

O&GCM; Immediate light blow 

when tool opened & continued 

light blow throughout period-pre-

opened w/immediate good blow 

when opened, decreasing blow 

after 13 mins; Lincoln and Lower 

Hartland 

3 05123051760000 NORDLOH 1 5N-63W-20 CO 1951 ? 21 MCFD MTS:Gas in 75 Min. 

4 05075058050000 HAYNES 1 8N-48W-14 CO 1957 
3878-

3889 
45 MCFD G in 3 Min. 

5 05123117470000  FEDERAL 1 8N-63W-3 CO 1984 
7512-

7550 
 1 CF G; 1100 ft M; 1450 CC W 

1 05001070690000 CHAMPLIN 1-A 2S-63W-1 CO 1975 
7297-

7312 
224 ft SO&GCM 

2 05123102750000 FEDERAL 1-33 8N-58W-33 CO 1981 
6337-

6372 

10 ft OCM; 808 OCMCW; 1849 

GCW;  

3 05123055220000 CROM 1 8N-66W-20 CO 1957 
7180-

7231 
30 ft SOCM; 370 ft M 

4 05123103790000 FERGUSON 1 2N-62W-14 CO 1981 
6786-

6807 

480 ft GCM; 270 ft SGCM; 500 

CC VSGCM 

1
3

0
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Rank UWI/API Well Name Location St. Date Depths DST RESULTS 

5 05087072500000 WIRTH 1-12 6N-59W-12 CO 1973 
6439-

6465 

400 ft M; 500 ft MCW; 2550 ft 

SGCW;  

6 05123055600000 BALL 16-14 8N-63W-14 CO 1955 
7213-

7423 
180 ft GCM 

7 05087076670000 KNAPPE 1 4M-60W-3 CO 1982 
6222-

6260 
360 ft SGCM; 1500 CC M 

8 05123071570000 KOENIG 1 
11N-62W-

17 
CO 1970 

7906-

7916 

150 ft SGCM; Weak blow died in 

45 Min. 

9 05087057610000 WM EPPLE 2 2N-60W-17 CO 1953 
6232-

6275 
1000 ft M 

10 05123059060000 COX 1-A 11N-64W-5 CO 1954 
8493-

8505 
450 ft M 

11 05075062620000 D M DAVIS 1 9N-54W-32 CO 1953 
5154-

5161 
220 ft M; 

12       CO   
7339-

7374 
175 ft M 

13 05123114850000 KIRBY 1 7N-58W-31 CO 1983 
6470-

6486 
159 ft WCM; 500 ft W 

14 05123057950000 FEDERAL 1 10N-56W-6 CO 1954 
5596-

6030 

120 ft M; Tool opened with weak 

blow, died in 32 minutes.  Tool 

decreased to weak blow in 47 

minutes.  Tool unplugged in 48 

minutes with very strong blow, 

decreasing to weak blow in 80 

minutes.  

15 05087061780000 STATE 0-1 4N-60W-15 CO 1953 
6078-

6118 
120 ft M 

1
3

1
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Rank UWI/API Well Name Location St. Date Depths DST RESULTS 

16 05075051310000 STATE 1-A 6N-52W-8 CO 1952 
4483-

4496 

100 ft M; Tool open 30 Min; very 

slight show of oil 4484-4496 

17 05123055120000  BROWN 1 8N-66W-30 CO 1955 
7395-

7480 
45 ft M 

18 05123051280000 COUNTY 2 3N-61W-1 CO 1953 
6196-

6235 
30 ft M 

19 05001053810000 HOUGH 1-2 2S-57W-12 CO 1953 
5241-

5266 
30 ft M 

20 05087054000000 DAVIDSON 1 1N-56W-7 CO 1951 
5215-

5224 
30 ft M 

21 05001071660000 STRAND 1-2B 3S-62W-28 CO 1976 
6855-

6920 
20 ft M 

22 05087052650000 JOHNSON 1 1N-59W-15 CO 1955 
6125-

6131 
10 ft M 

23 05123059100000 R R BIGGS 1 11N-57W-2 CO 1953 
6110-

6156 
10 ft M 

24 05001071280000 N-BAR-N 1 3S-58W-34 CO 1976 
5613-

5628 
2 ft M 

1 05069060500000 HALE 2 5N-68W-31 CO 1976 
5002-

5130 

90 ft F; 30 ft MCW; 2175 ft 

SMCW 

2 05069060350000  METZGER 1 4N-69W-20 CO 1976 
3569-

3616 
15 ft F 

                

  Recovered Oil Recovered Gas           

  Recovered Mud Recovered Water           

        

1
3

2
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