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Thermal Conductivity of Basin Sediments Bottom Hole Temperature Data The purpose of this project is to analyze the heat flow regime within the sedimentary Denver Basin and assess its variability. Thermal conduc-

tivity measurements were made on Cretaceous sedimentary core samples provided by Anadarko Petroleum Corp. and the United States Geo-

logical Survey Core Research Center (USGS CRC). Measured thermal conductivity values were used  to calibrate and constrain heat flow 

within the basin. Two equilibrium logs along with the newly measured thermal conductivity were used to calculate site specific heat flow. 

These new data points help constrain the observed variation in heat flow along the basin’s western syncline.  Methods for the analytics of  

causation of basin thermal variability will follow outlines  similar to those of Blackwell & Steele, 1989 (see Table 1 for thermal effects). 

 The Denver Basin spans portions of Colorado, Wyoming, Nebraska, and Kansas. 

Structurally, a foreland basin that was subjected to massive amounts of deformation 

and sedimentation during the Laramide Orogeny (Kauffman, 1977).  

 Pre Laramide sedimentation was the result of the Western interior Seaway that inun-

dated the basin from the Albian to Maastrichtian, with a highstand occurring during 

the Turonian (~90 MA) with paleo sea levels more than 250 meters above present 

(Kauffman, 1977), (see stratigraphic column to right).  

 The basin sits atop old Precambrian shear zones (Cheyenne Belt, Salida Shear 

Zone) that generally strike to the northeast, and are thought to be the conduit  

of the Cenozoic emplacement of dikes and sills, which are referred to as the Colorado 

Mineral Belt (COMB) (Tweto et al., 1963).  

 Cheyenne Belt, Salida Shear Zone  outline from Karlstrom et al., 2005 

 Structure profile of line C to C’ (figure left) showing foreland thickening of sedi-

ments from east to west, (modified from Robson & Banta, 1987).  

 The Pierre Shale (Upper Cretaceous) as seen in the stratigraphic column 

(figure right) is by far the thickest formation within the basin, and in turn exerts 

the most thermal control on the basin thermal regime related to the basin sedi-

ment thermal properties, which have a Scale of Effect of 50-100% (table 1).   

 Equilibrium heat flow data points were gathered from the National 

Geothermal Database and Geothermal Map of North  America 

(Blackwell and Richards, 2004) 

 Core samples from Anadarko Petroleum Corporation and the 

USGS CRC were provided to calculate and catalog thermal con-

ductivities for Cretaceous sediments 

 Regional heat flow interpolation map between equilibrium heat flow 

points. A natural neighbor interpolation model was used to assess vari-

ations in heat flow.  

 Two new data points were calculated from thermal conductivity values 

measured for this study and were added to existing EQ HF Points 

 Denver Basin bottom hole temperatures (BHTs) were extracted from 

the National Geothermal Database  

 BHTs were compared to existing equilibrium temperature at depth 

logs to assess their validity in predicting temperature at depth.  

 Stratigraphic column of Cretaceous sediments 

along the western syncline, modified from 

Weimer et al., 1986. 

 Radiometric age dates (far right) from Obra-

dovich et al., 1993. 

 Onset of synorogenic sedimentation derived 

from DeCelles, 2004.  

 EPS: Epeiric shelf sedimentation, Western 

Interior Seaway (WIS) associated sediments 

 mm: Marginal/variable marine sedimenta-

tion (e.g. near shore, shore, deltaic front).  

Equilibrium Heat Flow 

 Average thermal conductiv-
ity values by formation.  

 Formations are scaled for 
thickness and grain size.  

 Thermal conductivity meas-
urements were made on 
core samples utilizing the 
divided bar apparatus and 
methods outlined by Black-
well & Spafford, 1987.  

 Generally sediments 
showed a decrease in ther-
mal conductivity value with 
an increase in shale/clay 
content.  

 Core samples were provid-
ed by Anadarko Petroleum 
Corp. and the USGS CRC. 

 Thermal K values are cor-
rected for in-situ wellbore 
temps by correction provid-
ed by Sekiguchi, 1984. 

 Uncorrected BHTS were extracted utilizing a spatial extraction (10 km radius from Eq. log well site) based on the sedimentary formations 

they were measured within.  

 BHTs were then corrected for temperature at depth utilizing the Harrison Correction:
 

        T = -16.5 + 0.018*depth - 2.35*10-6*depth2 

          (Harrison et al., 1983) 

 Formation tops were derived from oil and gas petrophysical logs throughout the basin.  

 The BHTs are then measured for geothermal gradient based upon average annual surface temp. derived from NOAA and the corrected BHT.  

 The Harrison corrected BHTs still appear to be colder than in-situ temperature at depth. Validation by more equilibrium well sites is needed.  

 Future work will determine a more accurate BHT temperature at depth for portions of the DB based upon proximal equilibrium temp logs.  

* 

Corrected Dakota SS BHTs Corrected Niobrara Gradients  Corrected Niobrara BHTs Corrected Dakota Gradients  

 Harrison corrected BHTs were extracted by their measurement based on formation top picks of sedimentary formations.  

 The BHTs were then calculated for their geothermal gradient based upon the mean annual surface temperature from NOAA and their corrected temperature along with measurement depth:  

 

 These points were then calculated for heat flow based upon their corrected thermal gradient and the measured thermal conductivity of the formations in which the wells penetrate  

Eq. Heat Flow + Corrected BHT Heat Flow 
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  Natural neighbor interpolation model of 

the merged equilibrium heat flow data 

plus the heat flow calibrated BHT data 

points.  

 Model performed on ArcGIS  

 By utilizing heat flow it allows a basin- 

wide normalization of gradient and ther-

mal conductivity; allowing a more in 

depth look at basin thermal trends.  

 Natural neighbor interpolation of equilib-

rium heat data points (Geothermal Map 

N.A., 2004) within the Denver Basin. 

 Model performed on ArcGIS 

 Lack of data within the central portion of 

the basin makes interpreting thermal 

trends in the basin spurious at best.  

 Transecting the basin syncline is a thermal hotspot 

zone that appears to be related to basement em-

placement of the Colorado Mineral Belt, which 

would have added sub-basinal magmas and highly 

conductive metals during the Late  Cretaceous to 

Middle Cenozoic (~70-40 Ma). 

 Basinal wrench faults also orientated in a northeast 

trend (activated during the Laramide Orogeny, Wei-

mer et al., 1996) seem to be the transport mecha-

nism for the heat generated by the emplacement 

and cooling of the COMB.    

 Due to its NE transection of the syncline, and its 

mean of 85 mW/m
2
  the COMB induced hotspot 

can not be explained just from sediment thickness 

variability (Fig above, areas near Cheyenne and 

Denver are the thickest portions of the Foreland, 

which should increase thermal gradient). Shale 

thickness along syncline is ± ~ 500 m. Sedimentary 

Formations are generally consistent  in thickness 

within the rest of the basin. 

 SE trending zone of elevated heat flow in W. Ne-

braska is thought to be related to advective 

transport of heat from upward moving Dakota SS 

Aquifer zone modeled by Gosnold, 1985.  

 Cheyenne Belt is the boundary zone separating the 

older & thicker Archean Cratonic Crust in Wyoming 

and the younger & thinner Proterozoic Crust to the 

south. The thicker crustal root of the Archean is 

generally thought to be the cause of heat flow 

changes N/S of this trend, see Birch, 1950.  

Basin Mean HF= 70±8 mW/m2 

Basin Mean HF= 63±6 mW/m2 

Basin Mean HF= 70±8 mW/m2 
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Table 1. From  Blackwell and Steele’s  study Thermal Conductivity of Sedimentary Rocks: 

Measurement and Significance. It Illustrates the variables and their scale of effect that can 

effect the thermal regimes within sedimentary basins. 
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