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AN EVALUATION OF THE HYDROTHERMAL RESOURCES OF NORTH DAKOTA 

Kenneth L. Harris, Laramie M. Winczewski, Howard R b  Umphrey & Sidney B. Anderson 

North' Dakota Geological Survey 

The purpose of bur study is to conduet a preliminary evaluation of the 
hydrothermal resources of tiorth Dakota utflizing data Cohtained in the oil 
and gas well files of the North Dakota Geolopical Survey and supplemented 
by additional data solicited froth other cooperating state and Eederal sources. 

Our stated goals Can be summarized as follows: 
1, 

2, 

To create a computer data manaaement system capable o€ storing 
all the required data. - 
To produce computer generated maps that illustrate the variations 
in the bottom-hole te~perature and depth data; the relationship 
between Wlliston Basin stratigraphy and the obsefved temperature 
and depth variations; and the water qualitv of potential hvdro- 
thermal reservoirs. 

The data management system we are using is a location oriented computer 
library system named GEOSTOR. 
a UnXversity of North Dakota geolopist, with funds provided by the Surface 
Environment and Mining research group of the u b s b  Forest Service. The data, 
from each oil and gas well drilled in North Dakota, contained in GEOSTOS 
consists of owner-operator, location, reference elevatioh, deep& Eormation 
penetrated, total depth, bottom-hole temperature, production information, 
available samples and cores, available peophysical data, and selected form- 
at ion tops. 

The North Dakota Geological Survey has purchased a Stirface IT computer 
cnntourinp proTratn which we are using to penerate map presentations of  the 
data stored in.GEOSTOR. 

October, 1979. 
during the period October through November, 1979, Preliminary mapping of 
the temperature and depth data and the stratigraphic data have continued 
since December, 1979. 

we will genefate apparent geothe'nnal Rradient and "slice" maps. 
maps will display observed temperatures in various depth intervals, or 
minimum expected temperatures for depth intervals, 

Our stratigraphic data will be summarized hv producing systemic maps 
and structural and isopach maps of potential hydrothermal aquifers. 
stratigraphic data will also help us evaluate potential hydrothermal aquifers 
by allowing us to map the geographical variations in the observed temperatures 
in the major aquifer systems. 

The water quality data that we currently have in GEOSTOR consists oE 
chemical analysis of water recovered during drill stem tests. This data 
contains the concentrations of major cations and anions, total dissolved 
solids, pH, and resfstivity for tho water collected in the tested intervals, 
This data will be summarized by Renerating maps of ion concentrations, total 
dissolved solids, and pH for each of the major aquifer systems. 

GEOSTOR yas developed by Laramie Vinczewski, 

Our data was collected and encoded during the period from Varch through 
The encoded data was incorporated into GEOSTOR and proofed 

In order to summarize our bottom-hole temperature and total depth data, 
?he "slice" 

The 
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I The p re l imina ry  s t r u c t u r a l  maps w e  have a t  t h i s  time are shown i n  f i g u r e s  
1-6. They i n c l u d e  maps on t h e  Precambrian, Cambrian Deadvood Formation, 

ed River  Formation, S i l u r i a n  I n t e r l a k e  Formation, Devonian nuperow 
d Mississippian-Madison Formation. 

A pre l imina ry  appa ren t  geothermal g r a d i e n t  map is shown i n  f i g u r e  7. 
T h i s  map is cons t ruc t ed  from t h e  bottom-hole temperatu 
contained i n  GEOSTOR and assumes a 40" mean annual  a i r  p e r a t u r e  ( f i g .  8 ) .  
Areas of g r e a t e r  t han  average Eeotherrlial g r a d i e n t s  ( 7 2 5 ° C / G ~ )  are p resen t  
a long t h e  wes te rn  bo rde r ,  a long t h e  no r the rn  bo rde r ,  and i n  t h e  e a s t e r n  one- 
t h i r d  of t h e  s ta te .  I n  t h e  e a s t e r n  one-third of t h e  s ta te ,  g r a d i e n t s  of preater 

' t han  4OoC/km are n o t  uncommon. 
Although o u r  r e s u l t s  are p re l imina ry  a t  t h i s  time, i t  appears  t h a t  t h e  

sands contained i n  t h e  b a s a l  Cretaceous Inyan Kara group (Dakota Formation) 
may be a f a i r l y  shallow, widespread, p o t e n t i a l  hydrothermal a q u i f e r .  
e s t i n g  r e l a t i o n s h i p  e x i s t s  between t h e  subcrop of t h e  Miss i s s ipp ian  Madison 
Formation and t h e  ove r ly ing  Cretaceous Inyan Kara group i n  t h e  e a s t e r n  one- 
t h i r d  of t h e  state.  A pre-Cretaceous pnleogeologic  map ( f i E .  9) shows t h e  
subcrop of t h e  Miss i s s ipp ian  Vadison Formation (Charles ,  Mission Canyon, and 
Lodgepole i n t e r v a l s )  i n  FrcIntosh, Emmons, and Logan coun t i e s .  T o t a l  sandstone 
t h i c k n e s s  i n  t h e  lower Cretaceous (f-ig. 10) a l s o  reaches a maximum i n  t h e s e  
coun t i e s .  
t h e  b a s a l  Cretaceous sands r e s u l t i n g  i n  t h e  h ighe r  t han  averap,e geothermal 
g r a d i e n t s  shown i n  t h i s  area ( f i g .  7 ) .  

b!e are c u r r e n t l y  n e p o t i a t i n p  a Phase I1 proposal  t h a t  would invo lve  a 
program of h e a t  f low de te rmina t ions ,  d e t a i l e d  mappiny: o f  t h e  p o t e n t i a l  hvdro- 
thermal a q u i f e r s  i n d i c a t e d  

and t o t a l  dep th  d a t a  

i 

An i n t e r -  

It appea r s  t h a t  h o t  lladison Formation water may be  " leakinf  i n t o  

Phase I, and f u r t h e r  work on c h a r a c t e r i z i n p  water 
! a l i t y  i n  p o t e n t i a l  hydrot  mal a q u i f e r s .  

I , 
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CICllRE I 

PRELIMINARY STRUCTllRE MAP PRECANBRIAN SYSTEM 
CONTOUR I N T E R V A L - S M  FEET 

JANUARY 17.  

PRELIMINARY STRUCTURE MI' CAMBRIAN DFADWOOD PORPlATIOtl 
CONTOUR I N T E R V A L - 5 0 0  F E E T  

JANUARY 17. ignn 



PRCLIMINARY STRUCTURE MP S I L U R I A N  INTERIAKI: F O W A T I O N  
CONTOUR INTERVAI.-SO(I FCET 

JANUARY 17. 1980 
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I 
I 
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PHI.:I.IHI t lAl lY STHUCTIIRT. HAP DPVONIAN I)III’EROII FOI:tUTION 
CONMLIR INl‘ERVAl.-Sf’O 

JANUARY 1 7 ,  im 

PHCLIbIIi4AI;Y STHLlCTLlKE HAP M I S S I S S I I ’ P I A N  cW)ISlI?l FOIUUIIIOII 
CONTOUR INTERVAL-S(HI 

. I A Y I A R Y  17 .  IYHO 
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FICIIRF. 7 

YRCI.ININARY CEOTHEWIAL. CMDIEIFF WP 
CONTOUR tNTERVAL-Z'C/kn 

J A I I A R Y  11. 1980 



FtCURE 9 

PRE-CRETACEOUS PALENEI)LWIPAL tlAP 
1:ROFI: DAN e .  HANSEN, 1955, Bl'LLfiTIN 29, N!XS 

~ -. , . . . . , . . 

TOTAL SANDSTONE THICKNESS HAP OF THE GREENHORN TO JURASSIC INTERVAL 
tWtl: bh! E. MIISEN, 1955, BULLETIN 23, ?4txX 
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