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NEW PUBLICATIONS

Geologic Inves  ga  ons
Murphy, E.C., 2012, Alumina Content of the Bear Den Member and the Rhame Bed in North Dakota: North 
Dakota Geological Survey, Geologic InvesƟ gaƟ ons No. 158.  The Bear Den Member of the Golden Valley 
FormaƟ on and the Rhame Bed of the Slope FormaƟ on (both Paleocene) are 15-foot-thick, kaolinite-rich layers 
(claystone, mudstone, siltstone, and sandstone) in western North Dakota.  A total of 232 rock samples were 
collected from both beds at 61 localiƟ es.  Weighted alumina content ranged from 13 to 25% for individual 
sampling localiƟ es.  Scale 1:500,000.  Price: $15.00 for tradiƟ onal paper format and $5 on CD.  

Murphy, E.C., 2012, Depth to the Harmon Bed: North Dakota Geological Survey, Geologic InvesƟ gaƟ ons No. 
159.  The Harmon lignite is the thickest (53 Ō .) and most extensive (13,000 square miles) in North Dakota.  It 
ranges from surface outcrop in Bowman and Slope counƟ es to depths of more than 1,000 feet in Billings and 
Dunn counƟ es. As such, it has generally been viewed as the prime candidate for underground coal gasifi caƟ on 
in North Dakota.  Scale 1:300,000.  Price: $20.00 for tradiƟ onal paper format and $5 on CD.  

Nesheim, T.O., 2012, Review of Radiometric Ages from North Dakota’s Precambrian 
Basement: North Dakota Geological Survey, Geological InvesƟ gaƟ ons No. 160.  GI-160 
is a compilaƟ on of over thirty previously reported radiometric dates completed by 
various other studies on core and drill cuƫ  ng samples from North Dakota’s Precambrian 
Basement.  This publicaƟ on also includes a revised Precambrian Basement map for 
North Dakota.  Price: $10.00 for tradiƟ onal paper map format and $5.00 on CD.  

Nesheim, T.O., and Nordeng, S.H., 2012, Review of Ordovician Black Island FormaƟ on 
(Winnipeg Group) Oil and Gas ProducƟ on, North Dakota: North Dakota Geological 
Survey, Geological InvesƟ gaƟ ons No. 161.  GI-161 provides an overview of the oil and 
gas producƟ on history and related informaƟ on for the Black Island FormaƟ on in North 
Dakota’s porƟ on of the Williston Basin.  This publicaƟ on includes fi gures depicƟ ng 
well distribuƟ on in relaƟ on to signifi cant structures, oil and gas analysis data, and an 
examinaƟ on of perforated pay zone intervals.  Price: $10.00 for tradiƟ onal paper map 
format and $5.00 on CD.  
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Nesheim, T.O., LeFever, J.A., and LeFever, R.D., 2012, Three Dimensional Model of Subsurface 
Salt Intervals, Northwestern North Dakota: North Dakota Geological Survey, Geological 
InvesƟ gaƟ ons No. 162.  GI-162 is a 3-D model that focuses on displaying the approximate 
depth, extent, structure, and thickness of several signifi cant salt intervals within the 
subsurface of northwestern North Dakota.  This model is a modifi caƟ on of GI-137.  
Price: $25.00 on CD with pdf, extended PowerPoint, and Petra database. 

Nordeng, S.H., 2012, DeterminaƟ on of AcƟ vaƟ on Energy and Frequency Factor for Samples of the Bakken 
FormaƟ on (Miss.–Dev.):  Williston Basin, ND: North Dakota Geological Survey, Geologic InvesƟ gaƟ ons No. 
163.  This invesƟ gaƟ on presents the experimental results of a study that determines the acƟ vaƟ on energy 
and frequency factor for six samples of the Bakken FormaƟ on in North Dakota.  These data parƟ ally fi ll the 
need for informaƟ on that is used to evaluate the level of organic maturaƟ on within the Bakken FormaƟ on.

Landslide Maps
Murphy, E.C., 2012, Areas of Landslides, Banks Quadrangle, ND: North Dakota Geological Survey 24K:Bnks-1. 
Ninety-two landslides were mapped in this quadrangle.  These landslides occupy an area of 263 acres 
(1,063,950 square meters) or approximately 1% of the enƟ re Belden SE quadrangle.  The largest landslide 
or landslide complex mapped in this quadrangle was 11 acres (46,000 square meters) and the smallest was 
less than one acre (2,000 square meters).  Landslides were mapped from 1:20,000 scale aerial photographs.  
Price:  $5.00 for tradiƟ onal paper map and $25 for 100K shape fi les on CD.

Murphy, E.C., 2012, Areas of Landslides, Blacktail Lake Quadrangle, ND: North Dakota Geological Survey 24K:BlkL-1.
Murphy, E.C., 2012, Areas of Landslides, Blacktail Lake SE Quadrangle, ND: North Dakota Geological Survey 24K:BlkL SE-1.
Murphy, E.C., 2012, Areas of Landslides, Bonetraill Quadrangle, ND: North Dakota Geological Survey 24K:Bntl-1.
Murphy, E.C., 2012, Areas of Landslides, Bonetraill SE Quadrangle, ND: North Dakota Geological Survey 24K:Bntl SE-1.
Murphy, E.C., 2012, Areas of Landslides, Bonetraill SW Quadrangle, ND: North Dakota Geological Survey 24K:Bntl SW-1.
Murphy, E.C., 2012, Areas of Landslides, Bull BuƩ e Quadrangle, ND: North Dakota Geological Survey 24K:BllB-1.
Murphy, E.C., 2012, Areas of Landslides, Chris Creek Quadrangle, ND: North Dakota Geological Survey 24K:ChrC-1.
Murphy, E.C., 2012, Areas of Landslides, Epping NE Quadrangle, ND: North Dakota Geological Survey 24K:Eppg NE-1.
Murphy, E.C., 2012, Areas of Landslides, Epping NW Quadrangle, ND: North Dakota Geological Survey 24k:Eppg NW-1.
Murphy, E.C., 2012, Areas of Landslides, Gamache Creek Quadrangle, ND: North Dakota Geological Survey 24K:GmhC-1.
Murphy, E.C., 2012, Areas of Landslides, Lake Jessie Quadrangle, ND: North Dakota Geological Survey 24K:LkJs-1.  
Murphy, E.C., 2012, Areas of Landslides, OƩ er Tail Creek Quadrangle, ND: North Dakota Geological Survey 24K:OtTC-l.
Murphy, E.C., 2012, Areas of Landslides, Ray Quadrangle, ND: North Dakota Geological Survey 24K:Ray-1.
Murphy, E.C., 2012, Areas of Landslides, Red Bank Creek Quadrangle, ND: North Dakota Geological Survey 24K:RdBC-1.
Murphy, E.C., 2012, Areas of Landslides, Red Mike Hill Quadrangle, ND: North Dakota Geological Survey 24K:RdMH-1.
Murphy, E.C., 2012, Areas of Landslides, Spring Brook Quadrangle, ND: North Dakota Geological Survey 24K:SprB-1.
Murphy, E.C., 2012, Areas of Landslides, Stockyard Creek Quadrangle, ND: North Dakota Geological Survey 24K:StkC-1.
Murphy, E.C., 2012, Areas of Landslides, Tobacco Garden Bay Quadrangle, ND: North Dakota Geological Survey 24K:TbGB-1.
Murphy, E.C., 2012, Areas of Landslides, Trenton Quadrangle, ND: North Dakota Geological Survey 24K:Trnt-1.
Murphy, E.C., 2012, Areas of Landslides, Trenton NE Quadrangle, ND: North Dakota Geological Survey 24K:Trnt NE-1.
Murphy, E.C., 2012, Areas of Landslides, Trenton NW Quadrangle, ND: North Dakota Geological Survey 24K:Trnt NW-1.
Murphy, E.C., 2012, Areas of Landslides, Trenton SW Quadrangle, ND: North Dakota Geological Survey 24K:Trnt SW-1.
Murphy, E.C., 2012, Areas of Landslides, Twin Lakes Quadrangle, ND: North Dakota Geological Survey 24K:TwnL-1.
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Murphy, E.C., 2012, Areas of Landslides, West Bonetraill Quadrangle, ND: North Dakota Geological Survey 24K:WsBt-1.
Murphy, E.C., 2012, Areas of Landslides, Williston East Quadrangle, ND: North Dakota Geological Survey 24K:Wlst E-1.
Murphy, E.C., 2012, Areas of Landslides, Williston West Quadrangle, ND: North Dakota Geological Survey 24K:Wlst W-1.

Murphy, E.C., 2012, Areas of Landslides, Williston SE Quadrangle. ND: North Dakota Geological Survey 
24K:Wlst SE-1.  A total of 184 landslides were mapped in this quadrangle.  These landslides occupy an area 
of 835 acres (3,380,000 square meters) or approximately 3% of the Williston SE quadrangle.  The largest 
landslide or landslide complex mapped in this quadrangle was 49 acres (196,000 square meters) and the 
smallest was a fracƟ on of an acre (19 square meters).  Landslides were mapped from 1:20,000 scale aerial 
photographs. Price:  $5.00 for tradiƟ onal paper map and $25 for 100K shape fi les on CD.

Murphy, E.C., 2012, Areas of Landslides, Williston SW Quadrangle, ND: North Dakota Geological Survey 24K:Wlst SW-1.

100K Mineral Maps
Manz, L.A., 2012, Deep geothermal resources - esƟ mated temperatures on top of the Lodgepole FormaƟ on, Belfi eld 100K sheet, ND: 
North Dakota Geological Survey 100K Map Series No. Blfd-g-Ml.  Price: $5.00 (paper).

Manz, L.A., 2012, Deep geothermal resources - esƟ mated temperatures on top of the Duperow 
FormaƟ on, Belfi eld 100K sheet, ND: North Dakota Geological Survey 100K Map Series No. Blfd-g-
Dd. This map is one of a series of three that show temperature gradients for geothermal aquifers 
in the Belfi eld area on a 1:100,000 scale.  The map shows temperatures (in degrees Celsius) on top 
of the Duperow FormaƟ on, the second-deepest of the Williston Basin’s four principal geothermal 
aquifers.  Temperatures were calculated using straƟ graphic data from the Oil and Gas Division’s 
well log database, and esƟ mated values for rock thermal conducƟ viƟ es and regional heat fl ow.  
The elevaƟ on of the top of the Duperow FormaƟ on is depicted in feet above mean sea level.  A 
brief discussion includes background informaƟ on on North Dakota’s deep geothermal resources, 
and a descripƟ on of the temperature calculaƟ on method. Price: $5.00 (paper).

Manz, L.A., 2012, Deep geothermal resources - esƟ mated temperatures on top of the Red River FormaƟ on, Belfi eld 100K sheet, ND: 
North Dakota Geological Survey 100K Map Series, No. Blfd-g-Orr.  Price: $5.00 (paper).

Outside Publica  ons
Nesheim, T.O. and Nordeng, S.H., 2012, ReevaluaƟ on of the Tyler Petroleum Systems, North Dakota: American InsƟ tute of 
Professional Geologists 2012 Conference, Rapid City, South Dakota.

SƟ dham, T.A., Hoganson, J.W., and Person, J.J., 2012, New middle Paleocene (Tiff anian NALMA) birds from North Dakota: Journal of 
Vertebrate Paleontology Program and Abstracts, p. 179.

Wilson, G.P., Ekdale, E.G., and Hoganson, J.W., 2012, A parƟ al skull of Didelphodon vorax from the Lancian-Age Hell Creek FormaƟ on 
of southwestern North Dakota, U.S.A.: Journal of Vertebrate Paleontology Program and Abstracts, p. 194.

Weaver, P.G., Lawver, D.R., Christopher, T.R., Everhart, M.J., Hatcher, J., and Hoganson, J.W., 2012,  Postmortem mineralogy of gladii 
of the Coniacian-Companian (Late Cretaceous) “squid” Tusoteuthis longa (Cephalopoda: Coleoidea), North America: A key to their 
original composiƟ on: Geological Society of America Abstracts and Program,  v. 44, no. 7, p. 397.

LeFever, J.L, 2012, Lessons Learned in Bakken OpƟ mize Drilling, CompleƟ on for Increase Oil Recovery:  American Oil and Gas 
Reporter, vol. 55, no. 9, p. 81-87.

Nordeng, S.H., 2012, ApplicaƟ on of the Kissinger EquaƟ on to the Problem of EvaluaƟ ng ReacƟ on KineƟ cs Using  Tmax and FormaƟ on 
Temperature Data from the Tyler (Penn.) and Bakken (Miss.-Dev.) FormaƟ ons of North Dakota: AAPG Search and Discovery Ar  cle 
#90156©2012 AAPG Rocky Mountain Sec  on Mee  ng, Grand Junc  on, Colorado.  hƩ p://www.searchanddiscovery.com/abstracts/
html/2012/90156rms/abstracts/nord.htm

North Dakota Geological Survey
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Edward C. Murphy, State Geologist
Lynn D. Helms, Director Dept. of Mineral Resources
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Geothermal energy is a renewable resource capable of producing an uninterrupted supply of electrical power
and heat. In stable sedimentary basins, low-temperature geothermal energy (<40°C) is extracted from the
shallow subsurface (~2-200 m [8-600 feet]) for use in domestic and commercial heating and cooling systems.
Historically, deeper, hotter resources in these regions have not been developed because they typically lack one
or more of the essential requirements that make high-temperature geothermal resources technically and
economically viable.                                                                                        

Conventional methods of electricity generation using geothermal energy rely on hot (> 100°C) relatively
shallow (<3,000 m [10,000 feet]), easily developed hydrothermal resources. Generally associated with active
plate boundaries and/or volcanism, these high-grade hydrothermal systems are characterized by high thermal
gradients, and highly fractured, porous reservoir rocks through which natural waters or steam can freely
circulate. Large-scale, cost-effective electric power generation usually requires fluid temperatures above
150°C but smaller systems based on standard binary-cycle technology are capable of producing electricity
using geothermal fluids at temperatures as low as 100°C.                                                              

Natural sources of high-grade hydrothermal energy are geographically limited. In the U.S. they are restricted
to the western states and currently represent less than 1% of the nation’s electrical power generating capacity
(U.S. Energy Information Administration, 2011). Yet the amount of heat at depths less than 10,000 m (30,000
feet) below the surface of the continental U.S. is substantial. By replicating natural hydrothermal conditions it
is possible, in some regions, to turn this heat into an economically viable resource. In 2005 an 18-member
MIT-led interdisciplinary panel conducted a comprehensive technical and economic assessment of geothermal
energy as a viable source of energy for the U.S. (Tester and others, 2006). The study estimated that, based on
current technology, geothermal energy could be producing more than 100GW of affordable electricity by
2050, equivalent to roughly 10% of the U.S.’ present-day capacity.                                                   

Enhanced (or engineered) geothermal systems (EGS) are engineered reservoirs designed to produce energy as
heat or electricity from geothermal resources that are otherwise not economical due to lack of water and/or
permeability (U.S. Department of Energy, 2008).  EGS technology uses adaptations of techniques developed
in the oil and gas, and mining industries to fracture hot, low-porosity rocks in the deep subsurface and extract
the heat with water via a system of injection and production wells.                                                                   

With infrastructures already in place and the abundance of horizontally drilled and/or artificially stimulated
wells, hydrocarbon fields are prime candidates for the application of EGS technology. Of particular interest
are those wells regarded as marginal or unproductive because they produce too much water. Geothermal
waters that are coproduced with oil and gas are an expensive waste product that in North Dakota must be
disposed of by  re-injection into the subsurface. If sufficiently hot (>100°-150°C) and available in sufficient
quantity, however, these waters may be capable of generating cost-effective electricity (McKenna and others,
2005).

The Devonian-age Duperow Formation is the second-deepest of four major geothermal aquifers that occur in
the Williston Basin. The map shows calculated temperatures (°C) for the top of the Duperow Formation in the
vicinity of Belfield in southwestern North Dakota.                                                                                            

There are no data sets for North Dakota that list accurate temperatures for Paleozoic rocks. Bottom hole
temperatures from oil well logs are unreliable and to assume that a simple linear relationship exists between
temperature and depth would be incorrect.  Although grossly linear the geothermal gradient in the upper
lithosphere is significantly affected by thermal variables (heat flow and thermal conductivity) in the earth’s
crust and any method used to accurately calculate subsurface temperatures must take these factors into
account. Provided the subsurface stratigraphy is known, Gosnold (1984) showed that at a given depth (Z) the 
temperature (T) can be represented by the following equation:                                                                             

Deep Geothermal Resources: Estimated Temperatures on Top of the Duperow Formation
Belfield 100K Sheet, North Dakota
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T = To +      Zi(Q/Ki)                                                                                                               

Where:
To    = Surface temperature (in °C) 
Zi    = Thickness of the overlying rock layer (in meters)
Ki    = Thermal conductivity of the overlying rock layer
N     = Number of overlying rock layers
Q     = Regional heat flow

Rock units and thicknesses were obtained from oil well log tops (March 2012 update). The map was
compiled using approximately 75 data points (wells).                                                                                      

Table 1.  Thermal conductivity estimates for principal lithostratigraphic units overlying the Duperow Formation
in the Williston Basin.

Adjoining 100K Maps

1 Thermal conductivities for formations above, and including, the Spearfish were estimated using data from temperature-depth  logs for
Hess Corporation’s Tioga-Madison Unit O-143HR well in SW4, NW4, Sec. 17, T158N, R94W.  All other thermal conductivities are from
Gosnold (2009).  
2  The Kibbey Lime is a limestone bed in the Kibbey Formation that is a prominent marker on electronic logs.

Belfield 100K Sheet, North Dakota
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Estimated regional steady state heat flow Q = 70.0 mW/m2 (Blackwell and Richards, 2004).

For the data set used to produce this map T   and K were assumed to be constants. Mean surface temperature
(T  = 8.0 C [46.4 F] was calculated from statewide average annual bare and turf soil temperatures at 79 North
Dakota Agricultural Nework climate monitoring stations for the period 1991 to 2010 (http://www.ndsu.edu/
ndsco/). Thermal conductivities (K) for formations overlying the Duperow Formation are shown in Table 1.   

To
To = 8.0oC [46.4oF]

(http//wwwl.ndsu.edu/
ndsco).
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