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FOREWORD 
 
The purpose of the Colorado Geological Survey Open File Report 04-1 is to create 
a bottom-hole temperature (BHT) database and analyze the data for reliability 
and geologic trends. The Canon City, Hugoton, North Park, Raton, Paradox, 
Piceance, and Sand Wash Basins were studied in order to complete a state-wide 
study of BHTs. This study is a companion study to Open File Report 02-15, 
Evaluation of Bottom-Hole Temperatures in the Denver and San Juan Basins of Colorado. 
The bottom-hole temperatures were entered into a Colorado Oil and Gas 
Conservation Commission database, graphed in ExcelTM and mapped in PetraTM 
and ArcViewTM. The objective of this publication is to provide a bottom-hole 
temperature database and analysis to resource developers and interested citizens. 
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INTRODUCTION 
 
The maximum recorded temperature or bottom-hole temperature (BHT) is 
usually recorded when logging an oil or gas well. It is used in wellbore 
management, oil and gas prospecting, and reservoir analysis for calculating 
reserves. Edwardson, and others (1962), Middleton (1982), Fertl and Wichmann 
(1977), and Fertl (1978, 1985) have described various influences on the measured 
BHT and how to calculate a true temperature, compensating for those influences. 
Bottom-hole temperatures were studied by Dixon (2002) to see if the raw, 
unadjusted temperatures could be of value. In both the Denver Basin and the San 
Juan Basin of Colorado, data indicated an increase in temperature possibly 
related to deep basement structures. 
 
The purposes of this study are to complete a statewide bottom-hole temperature 
database (in conjunction with Colorado Geological Survey OFR 02-15, Evaluation 
of bottom-hole temperatures in the Denver and San Juan Basins of Colorado) and to 
determine if any geologic trends noticeably influence BHTs in the Canon City, 
Hugoton, North Park, Paradox, Piceance, Raton, and Sand Wash basins. Detailed 
analyses are beyond the scope of this project. 
 
A total of 5,039 BHTs were recorded for the seven basins included in this study. 
These BHTs, in combination with the 10,908 BHTs acquired in the Denver and 
San Juan basins study, make a database of 15,946 bottom-hole temperatures for 
the nine oil and gas basins of Colorado (Fig. 1). This is a statewide BHT sampling 
rate of over one-fourth of the oil and gas wells in the Colorado Oil and Gas 
Conservation Commission (COGCC) database. 
 
 

DATA ACQUISITION AND ANALYSIS 
 
The well database from the COGCC was downloaded from the Internet and 
loaded into ExcelTM spreadsheets by county. In each county, well log headers 
from microfilm were used to obtain maximum temperatures and hours-since 
circulation data. In order to be consistent, maximum temperatures were recorded 
from induction logs since they were the logs most widely available. Corrections 
for driller total depth, logger total depth, and reference elevations were made if 
necessary. In some areas, BHTs were not consistently recorded or were recorded 
as “ less than 100°F.” The county spreadsheets were then divided into basins. In 
some cases, data points fell outside the basin outlines or did not have all 
necessary data and were not included in the basin studies, but are included in 
the BHT database (Appendix A). Great effort was made to accurately collect the 
data. However, the data itself may contain operator and mechanical errors and 
caution should be used when analyzing the data. 
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Plots of elevation at total depth-versus-maximum temperature were made in 
ExcelTM for each basin. Additional graphs were made in some basins to analyze 
particular trends. No mathematical corrections or calculations were made on the 
data. In a previous study by Dixon (2002), normalization of bottom-hole data 
appeared to introduce as many errors as it might correct, at least on a basin-wide 
study. In most basins, there is an insufficient distribution of data on any single 
formation to make a meaningful contour map. However, in the Sand Wash and 
Piceance basins, there is a fair distribution of data. In those basins, BHTs were 
loaded into PetraTM and contoured. The BHT contours by formation at total depth 
were then compared to basement structures as mapped by Hemborg (1996)  (Fig. 
2) to see if the BHTs might be influenced by deep structures. Stratigraphic 
columns used were after Ambrose (1998). 
 
 

CANON CITY EMBAYMENT 
 

The Canon City Embayment is a Laramide, synclinal graben located southwest of 
the Denver Basin. It is bounded on the north by the Front Range Uplift, on the 
south by the Apishapa Uplift, and on the southwest by the Wet Mountains Uplift 
(Fig. 3). The basin is deepest on the west side, reaching Precambrian basement 
rocks at an elevation just below sea level. 
 
Bottom-hole temperatures were recorded from stratigraphic formations ranging 
from the Precambrian to the Pierre Shale (Fig. 4). They were then plotted by 
elevation at total depth-versus-maximum temperature (Fig. 5). Basin-wide 
recording of temperatures was generally poor. The data were somewhat 
scattered, but there were too few points to draw any conclusions. No further 
analysis was made in the basin. 
 
 

HUGOTON EMBAYMENT 
 

The Hugoton Embayment of Colorado lies in the southeast part of the state. It is 
bounded on the north by the Las Animas Arch and on the west by the Apishapa 
Uplift. The configuration of the southeastern part of Colorado was shaped 
mostly by Laramide uplifting (Fig. 6). The deepest part of the Hugoton 
Embayment in Colorado is about 3,200 feet below sea level. 
 
Temperatures were recorded from Precambrian to Pennsylvanian strata (Fig. 7), 
but the majority were from the Mississippian and Pennsylvanian rocks. Graphs 
were made comparing elevation at total depth versus maximum temperature for 
all wells, by operator, and by formation (Fig. 8, 9, and 10). The overall temper-
ature gradient is a little less than 1°F per 1000 feet. BHTs tended to cluster when 
comparing temperatures by formation. When comparing temperatures by 
operator, some linear trends might cause concern for the method by which 
temperatures were recorded. 
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NORTH PARK BASIN 
 
North Park Basin is the northern-most basin of the north-south-trending 
Laramide structural basins located in north-central Colorado. The basin is 
bounded on the east by the Front Range Uplift and on the west by the Park 
Range. Tertiary intrusive and volcanic rocks separate North Park and Middle 
Park basins. The deepest part of the basin is on the east side at about 5,000 feet 
below sea level (Fig. 11). 
 
The majority of the temperatures in this basin came from the Upper Jurassic and 
Lower Cretaceous formations (Fig. 12). The over-all temperature gradient is a 
little over 1°F per 1000 feet (Fig. 13). A graph with temperatures plotted by 
formation shows that there is little difference in temperature gradients between 
the four main formations (Fig. 14). 
 
 

PARADOX BASIN 
 
The Paradox Basin is situated in southwest Colorado and in southeast Utah with 
a small portion located in northeast Arizona. The basin is bounded on the 
northeast by the Uncompahgre Uplift. The San Juan volcanic field is to the east of 
the basin. The deepest part of the Colorado part of the basin is in the northeast, 
paralleling the Uncompahgre Uplift. The basement rocks are greater than 15,000 
feet below sea level (Fig. 15). 
 
BHTs recorded in this basin came mainly from the Mississippian and 
Pennsylvanian formations (Fig. 16). The plot of elevation at total depth-versus-
maximum temperature for all BHTs in the Paradox Basin shows a greater scatter 
in temperatures than in some other basins. The over-all temperature gradient is 
about 0.9°F per 1000 feet (Fig. 17). A plot of BHTs by formation indicates that 
most of the scatter in the data is in the Paradox Formation (Fig. 18). 
 
 

PICEANCE BASIN 
 
The Piceance Basin of Colorado is a northwest-southeast trending basin situated 
on the western side of Colorado. It is bounded on the northeast by the Axial 
Uplift, on the east by the White River Uplift, and on the southwest by the 
Uncompahgre Uplift. It is separated from the Uinta Basin of Utah by the Douglas 
Creek Arch. The deepest part of the basin is on the east side near the White River 
Uplift. The top of the basement rocks there is about 15,000 feet below sea level 
(Fig. 19). 
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Significant oil and gas deposits are found throughout the section from the 
Pennsylvanian to the Tertiary (Fig. 20). The temperature gradient determined 
from a plot of all wells is about 1.3°F per 1000 feet (Fig. 21). A plot of BHTs by 
operator shows normal scatter in temperatures and does not show linear trends 
as seen in the Hugoton Embayment data (Fig. 22). 
 
There are sufficient numbers and distribution of data to contour some BHTs by 
formation at total depth in the Piceance Basin. The Mancos Shale bottom-hole 
temperatures were contoured. A comparison of BHT contours with basement 
structure contours show a good correlation between BHTs and depth to 
basement (Fig. 23). Additionally, those contours were compared to vitrinite 
isoreflectance trends on the Mancos Shale (Fig. 24). All three contour trends 
reflect the relationship between the overall thickness of the sediments and the 
depth to basement with the temperatures and maturity of the formations. This 
indicates, as in previous studies, that raw, unadjusted bottom-hole temperatures 
can reflect true formation temperatures and can be used, in some cases, for 
exploration and evaluation of formations. 
 
BHTs of the Mesaverde and Weber formations were contoured (Fig. 25 and Fig. 
26). These contours also show a relationship between the temperatures and 
depth to basement. Other formations did not have a good enough distribution of 
data to make meaningful contour maps. 
 
 

RATON BASIN 
 
The Raton Basin is located in south-central Colorado and north-central New 
Mexico. In Colorado, the basin is bounded on the west by thrust faulting 
associated with the Sangre de Cristo Uplift, the Wet Mountains on the north, and 
the Apishapa Arch on the northeast side, and the Las Animas Uplift on the east 
side. The deepest part of the basin in Colorado is in the southern part. Hemborg 
(1996) maps the basement rocks there below 2000 feet below sea level (Fig. 27). 
 
Formations at total depth range in age from Pennsylvanian to Late Cretaceous 
(Fig. 28). A plot of BHTs from all wells show a fair scatter in temperatures  
(Fig. 29). The temperature gradient for all wells is about 1.2°F per 1000 feet. 
When comparing BHTs by operator, some of the data scatter may be caused by 
recording methods, for example: some of the greatest data scatter is recorded by 
just one company. Also, linear trends in BHTs are seen by two operators giving 
rise to question recording methods (Fig. 30). Finally, temperatures were plotted 
comparing the CO2 wells of Sheep Mountain field to all other wells (Fig. 31). 
Although the CO2 temperatures were somewhat scattered, the wells terminate in 
different formations and at different depths. The CO2 wells of Sheep Mountain 
field were compared to the CO2 wells of McElmo field in the Paradox Basin, and 
to one well in North Park Basin (Fig. 32). The McElmo temperatures were more 
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concentrated in depth and appear more clustered than those of Sheep Mountain. 
However, the temperatures in both fields scatter around 150°F despite the some 
4000 feet difference in depth. 
 
 

SAND WASH BASIN 
 
The Sand Wash Basin lies in northwest Colorado and southwest Wyoming. In 
Colorado, the basin is bounded by the Park Uplift to the west and by the White 
River Uplift to the south.  The Uinta Uplift and the Axial Arch bounds the basin 
to the southwest (Fig. 33). The deepest part of the basin in Colorado is to the 
northwest at a depth greater than 15,000 feet below sea level. 
 
Bottom-hole temperatures were recorded from Precambrian to upper Cretaceous 
rocks (Fig. 34) and plotted by elevation at total depth-versus-maximum 
temperature (Fig. 35). The overall temperature gradient is about 1.2°F per 1000 
feet. BHTs were plotted by operator, using the two operators that had the most 
data recorded (Fig. 36). The scatter appeared normal and without linear trends 
seen in some of the other basin data sets. 
 
A contour map of BHTs from the Mesaverde Group was compared to contours of 
basement structure (Fig. 37). The temperatures tend to be hotter in the deeper 
part of the basin, but there was not a good distribution of data to make a strong 
conclusion. No other formation was contoured because there was not a 
sufficiency or distribution of data to make a meaningful map. 
 
 

CONCLUSIONS 
 
Bottom-hole temperatures are useful data. It is important that they are always 
recorded accurately. Unfortunately, in some oil and gas basins of Colorado, those 
temperatures were not recorded and the data was lost. As seen in this study and 
the previous study of Colorado BHTs (Dixon, 2002), it is not always required that 
the temperatures be mathematically manipulated to be useful.  
 
In the Hugoton and Raton Basins, plots of BHTs showed some linear trends by 
operator giving rise to the question of the method by which these data were 
recorded. Temperature gradients from all of the basins in this study range from 
0.9°F to 1.3°F per 1000 feet. Contour maps in the Piceance and Sand Wash basins 
show good correlation between BHTs and depth to basement. In the Piceance 
Basin, BHT contours of the Mancos Shale, basement structure contours, and 
vitrinite isoreflectance contours on top of the Mancos Shale also show good 
correlation. In the Raton and Paradox basins, BHTs from CO2 wells were 
scattered around 150°F even though the total depths varied by over 4000 feet. 
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Figure 1 . Index map showing the oil and gas basins and fields of Colorado. Modified from Wray and others, 2002.
Oil and gas fields indicated by outline.
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Figure 2. Basement structure map of Colorado with major oil (green) and gas (red) fields; Upper Cretaceous to Tertiary volcanic and intrusive rock outcrops (rust); 
faults; wells drilled to Precambrian basement rocks; undifferentiated Precambrian rock outcrop (gray); and structure contours on top of Precambrian basement rock 
in feet above or below sea level. Hemborg, 1996.
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Figure 4. Stratigraphic section of the Canon City Embayment. After Ambrose, 1998.
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Figure 5.  Plot of elevation at total depth-versus-maximum temperature, all wells.
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Figure 8.  Plot of elevation at total depth-versus-maximum temperature, all wells.
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Figure 9.  Plot of elevation at total depth-versus-maximum temperature, by formation.
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Figure 10. Plot of elevation at total depth-versus-maximum temperature, by operator.
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Figure 13.  Plot of elevation at total depth-versus-maximum temperature, all wells.



NORTH PARK BASIN
50

100

150

200

250

300

-6000 -4000 -2000 0 2000 4000 6000 8000

ELEVATION AT TOTAL DEPTH
(Feet)

M
A

X
IM

U
M

 T
E

M
P

E
R

A
T

U
R

E
 (

°F
)

Morrison/Jurassic

Dakota

Lakota

Entrada

Figure 14.  Plot of elevation at total depth-versus-maximum temperature by individual formation.
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Figure 15. Map of the Paradox Basin. After Wray and others, 2002.
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Figure 16. Stratigraphic section of the Paradox Basin. After Ambrose, 1998.
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Figure 17.  Plot of elevation at total depth-versus-maximum temperature, all wells.
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103W 102 101 100 99 98 97 96 95 94 93 92 91 90 89 88 87 86W
6N

5

4

3

2

1N

1S

2

3

4

5

6

7

9

10

8S

11

12

13

14

15

16S

PICEANCE
BASIN

GUNNISONDELTA

PITKIN

MESA

EAGLE

GARFIELD

RIO BLANCO

ROUTT
MOFFAT

Danforth Hills

Temple Canyon

Maudlin Gulch

Danforth Hills
North

Wilson Creek

Nine Mile

Pinyon RidgeColorow Gulch

Elk Springs

Winter Valley

White River

McHatton

Powell Park

Rangley

Taiga Mountain
Rangley
West Gilliam Draw

Yellow Creek

Corral Creek

Sage Brush Hills II

Big Ridge

Douglas Creek
North

Banta Ridge
Gilsonite Draw (A)

Weaver
Ridge

Rangley
SW

Dragon Trial

Sulphur Creek

Duck Creek

Piceance Creek

Piceance Creek
South

Fawn Creek
Sulphur Cr
South

Rocky Point

Coal Basin

Ragged
MountainOil Well

Mountain

Wolf Creek

Divide Creek

Hells
Gulch

Baldy Creek

Vega

Sheep Creek

Buzzard
Creek

Brush Creek

Buzzard

Plateau

Grand
Mesa

Shire Culch

Roberts
Canyon

Cameo

Bronco Flats

Persigo
Wash

Debeque

Logan Wash

Coon
Hollow

South Shale
Ridge

Hancock Gulch

Lipan

Asbury Creek

Fruita

Mack
Creek

Dry ForkMesagar

Coal
Gulch

Hunters Canyon

Peachtree

Highline Canal

Coyote
Wash

Camp Gulch

Garmesa

Bar X

Bridle Rock

Carbonera

Prairie Canyon

South
Canyon

Calf Canyon

Gasaway

Grand Valley

Parachute

Rulison Grand
Slam

Mam Creek

Kokopelli

Timberline

Trail
Ridge

Skinner
Ridge

Bull
Fork

Willow
Creek

Soldier
Canyon

Twin
Buttes

Douglas
Pass

Evacuation
Cr

Philadelphia

Douglas Cr

Cathedral

Trail
Canyon

Founda-
tion Cr

Douglas Cr S
Boondocks

Baxter
Pass

Missouri Creek
White Face Butte

Texas
Mtn

Park
Mtn

Douglas Cr
West

Lower
Horse Draw

Thunder

Blue
Cloud

Whitewater

Hells Hole Canyon

Dinosaur

Rock
Canyon

C O L O R A D O

WHITE RIVER

UPLIFT

AXIAL UPLIFT

UNCOMPAHGRE UPLIFT

Figure 19. Map of the Piceance Basin. After Wray and others, 2002.
Oil and gas fields indicated by outline.
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Figure 20. Stratigraphic section of the Piceance Basin. After Ambrose, 1998.
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Figure 21.  Plot of elevation at total depth-versus-maximum temperature, all wells.
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Figure 22. Plot of elevation at total depth-versus-maximum temperature, by operator.
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Figure 27. Map of the Raton Basin. After Wray and others, 2002.
Oil and gas fields indicated by outline.
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Figure 28. Stratigraphic section of the Raton Basin. After Ambrose, 1998.
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Figure 29. Plot of elevation at total depth-versus-maximum temperature, all wells.
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Figure 30. Plot of elevation at total depth-versus-maximum temperature, by operator.
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Figure 31. Plot of elevation-versus-maximum temperature, comparing CO2 wells with all other wells.
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Figure 32.  Elevation at total depth-versus-maximum temperature, CO2 wells.
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Figure 34. Stratigraphic section of the Sand Wash Basin. After Ambrose, 1998.
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Figure 35.  Plot of elevation at total depth-versus-maximum temperature, all wells.
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Figure 36.  Plot of elevation at total depth-versus-maximum temperature, by operator.
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Figure 37.  Contour map of BHTs of the Sand Wash Basin wells, Mesaverde at total depth, overlain by basement structure 
contours.  After Hembor, 1996. Structure contours are in feet below sea level.
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