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INTRODUCTION 

This repo r t  presents heat f low values and updated maps o f  f l u x  i n  Wyoming and 

adjacent areas. Most o f  the repo r t  d i r e c t l y  fo l lows previous technical  repor ts  by 

Decker e t  a l .  (1981) and Decker and Buelow (1981). 

furnished by Cooperative Agreement DE-FC07-79ID1206 between the Univers i ty  o f  

Wyoming and the U.S. Department o f  Energy. 

Funding f o r  a l l  research was 

Throughout t h i s  report,  depths are i n  meters (m) and ki lometers (km), 

temperatures a re  i n  degrees Celcius ("C),  and thermal gradients are i n  degrees 

Celcius per k i lometer (OC/km = m°K/m). The thermal conduct iv i ty  u n i t  i s  abbreviated 

t o  CDU (1CDU = 1 x 

(1HFU = 1 x 

t o  HGU (1HGU = 1 x 
3 i n  m i l l i g a l s  and the densi ty u n i t  i s  gm/cm . 

measures o f  the i n t e r n a l  consistencies o f  the geothermal data. 

cal/cm s O C  = 0.4184 W/m O K ) ,  the heat . f low u n i t  t o  HFU 
2 2 

3 
cal/cm s = 41.84 mW/m ), and the radiogenic heat generation u n i t  

cal/cm s = 0.4184 W/m3). Values o f  g r a v i t y  are p l o t t e d  

Standard e r ro rs  are shown t o  i n d i c a t e  

DATA 

Table 1 i s  a l i s t  o f  locat ions and basic geothermal data f o r  recen t l y  

completed heat f l ow  s ta t i ons  i n  Wyoming, northern Colorado, and southern Montana. 

The least-squares gradients (Grad. ) were calculated using temperature-depth 

data f o r  " r e l i a b l e "  port ions o f  the holes. The average thermal conduc t i v i t i es  

(Cond.) were calculated using measurements on r o t a r y  d r i l l  chips, o r  by using 

measurements on core samples. 

1971a, b; Roy e t  al., 1968b; Decker, 1973) were used for  a l l  conduc t i v i t y  measure- 

ments. The heat f l ow  values were calculated as the products of average conduct iv i ty  

m u l t i p l i e d  by the ind icated least-squares gradients f o r  each hole. The observed 

heat f l o w  values (UNC) r e f e r  t o  the values obtained using uncorrected gradients 

and measured conduct iv i t ies .  

Established divided-bar techniques (Sass e t  al., 

j .  / 

The corrected values o f  f l u x  (CORR) are the values 

t h a t  were obtained a f t e r  the observed temperatures and/or gradients were corrected 
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f o r  the effects o f  three-dimensional terrain.  

correct  f o r  topography out t o  a l a te ra l  distance equal t o  twenty times the deepest 

temperature measurement i n  each hole. 

Birch's (1950) methods was used t o  

Decker (1973) shows tha t  gradient determinations are a very accurate p a r t  o f .  

the geothermal studies researc am a t  the Universi ty o f  Wyoming. The r e l i a -  

b i  1 i ty o f  our "chip" conduct iv i ty measurement 

the porbs i ty  o f  the penet ed rocks was hot always accurately known. A reason- 

able average porosi ty was assumed f o  ost  o f  the samp s. Thus some o f  the fnd i -  

vidual heat, f low values may be inaccurate o r  uncertain by a s ign i f i can t  ambunt, and 

so some o f  the' tabulated changes o f  f l u x  i n  a studied area may be " a r t i f i c i a l " .  

The tabulated average f l u x  f o r  an area may be s ign i f icant ,  however, and may provide 

a reasonable estimate o f  the actual ragional f lux.  For example, the 1.36 HFU 

(56.9 mW/m ) average f l u x  f o r  the ten s i tes  i n  the Boot Heel Quadrangle, Wyoming 

i f f i c u l  t t o  assess because 

2 

uggests tha t  heat f l  n i s  normal, i f  i t  i s  assumed tha t  con- 

duc t fv i  ty errors are randomly distr ibuted. 

HEAT 'FLOW MAPS 

Figure 1 i s  a map o f  physiographi ovinces, geography and heat f low i n  

geology and generalized f lux in these 

low data i n  both figures are af ter  Table 

and bordering 'area 

l o t t e d  i n  Figure 2. T 

Blackwell (1969), Sass e t  a1 . (1977), Decker and 

Bucher (1979), Heasler (1978), Re t a1 (19801, 'Buelow 

(1980) , Decker t a l .  (1981), alues being redu arious 
? 

the Universi ty of Wyoming. The physiographic provinces are a f t e r  

n (1946), and the neral ized geology i s  a f t e r  the compilation 

United States by King and Beikman (1974). Both maps are consid 

sentations o f  the egional heat flow patterns i n  the depicted areas. 

d r e l i a b l e  repre- 
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DISCUSSION OF DATA 

WYOMING c, 
The widely spaced heat f low stat ions i n  Wyoming can not be used f o r  r e l i a b l e  . -  

quant i ta t ive assessments o f  the geothermal resource potent ia l  o f  the State. , A 

few genera 1 i za 

o f  these are b r i e f l y  discussed below. 

s are permitted by the current data base, however, and some 

It i s  seen i n  both maps that  most o f  t h e '  t f low values i n  the Wyomiqg 

outhern Rocky Mountains region i n  southern Wyoming are low o r  

, moderate o r  high tem Thus, these data are not consistent with shal 

hydrothermal reservoirs i n  these areas. This general izat ion m ppear t o  be in-  

s tent  wi th  hot springs (54°C) i n  the Saratoga Valley (Fig. 1) (Breckenridge 
2 and Hinckley, 1978). However, our 1.2 HFU (50.2 mW/m ) f lux  on the Walck Ranch I 

about 5 km west o f  the town o f  Saratoga implies tha t  the springs are not surface 

manifestations o f  a shallow subsurface hydrothermal reservoir  w i th  large l a t e r a l  

dimensions. Because there i s  geologic evidence f o r  young fau l t s  i n  Saratoga 

(Montagne, 1955), one in terpretat ion i s  tha t  the springs emerge from near-surface 

fractures ( fau l ts )  tha t  tap an underlying, low-temperature hydrothermal reservoir.  -. 

The recent ly calculated heat f low values i n  the Gas H i l l s  area on the Sweet- 
2 water Arch are i n  the range 1.1-3.2 (48-134 mW/m ) (Figs. 1 and 2). The meaning 

o f  these data i s  obscure, but the large heat f l o w  var ia t ion  could be explained 

a complex d i s t r i bu t i on  o f  c i rcu la t ing  ground waters i n  t h i s  extensively fau l ted 

terrane. A s im i la r  mechanism could explain the low temperature (32°C) of the hot 

springs a t  Sweetwater Stat ion i n  a nearby por t ion o f  the H i l l s  (Brecken 

Hinckley, 1978). Future investigations of the hydrothermal resource base i n  t h i s  

region should focus on detai led studies of the corre la t ion between fau l  t i n  

ground water hydrology. 

Decker e t  a1 . (1980) reported heat flows o f  1.7 HFU (71.1 mW/m ) and 1.9 

r 

2 
(ca' 

2 HFU (79.5 mW/m ) f o r  two stat ions near Lysite, Wyoming. These data and the more 
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2 recently obtained 1.6 t o  1,9 HFU (66-80 mW/m ) values i n  this area suggest t h a t  

reek Mountains is  

ues of f l u x  for a 8 m deep hole tha t  

ern end of the Laramie Mountains 

7 and 2.1 HFU (71.1 and 87.9 

two sites near Douglas, Wyoming about 70-100 km 

). There is also evid 

m 
e of calculated values is large (1.1- (41 8-87 9 mW/mL) 

ins - Douglas area 

pa r t  of the Po 

ication of this 

aquifers (e.g. the Madison ‘Lime- 

he postulated above- 

Kirwin Mine area about 10 km southeast of Meadow Creek Basin (Figs. 1 and 2). 
t 

A 

. A 0.9 HFU (37.7 mW/mz) heat flow is tabulated for the Picket Creek area i n  

a ins  (Table 1). In the northern part o f  

recently obtaine corrected values i n  the Sunlight Basin 
n 

area are 1.5 and 1.8 HFU (62.8 and 75.3 rnW/mL) (Table 1).  Corrections for steady- 

s would lead e r  heat flows a t  

296 



these stations, and the tabulated value for the Picket Creek area may be uncer- 

about 40% because we suspect t h a t  porosity of the penetrated v 

and sediments is high. We can not be more specific about the "true" regional 

a t  these locali t ies tailed reductions for  terrain and actual 

porosities . 
speculate, however, t h a t  two 

i t  

s. One transit ion occurs along an east- w ofi 
- *  

lowstone National Park (YHP); as discussed 

and Decker et. al .  (1980) the change to  unusually high 

e t o  shallow ( 

Additionally, a s i g  

occur i n  the Absaroka Mountains that are east  and south 

of the Park. We suggest that the northern boundary of this transition is 

h surface and reduced heat-flows o f  1.8 and 1.4 HFU (75.3 an 

i n  Meadow Creek Basin (Buelow, 1980) and the normal unreduced and reduced values 
2 of 1.3 and 1.0 HFU (54.4 and 41.8 mbl/m ) i n  Sunlight Basin (Decker et. al., 1980) 

(see Figs. 1 and 

t o  define and model this inferred transition. 

. Continued heat flow and radioactivity s t u d i  

rently available heat flow values i n  the vicinity the Bighorn 

d 2)  are normal (1.3-1.6 HFU (45.4 = 77.9 mbl/m )). These values 2 

suggest that the Basin is  not characterized by large, shallow hydrothermal 

reservoirs. 
* I  

r 

SOUTHERN MONTANA 

The uncorrected heat flows for three recently obtained holes i n  the Beartooth 
. _  - -  

2 Mountains are i n  the range 1.3 - 1.8 HFU (54.4 - 75.3 mW/m ), values that  roughly 

L pub1 ished determinations 

71b). The different heat the recently 

r these mountains (Blackwell , 



analysed stations may ,be due to effects of local topography, o r  they may resuit 

w 

I 

from uses of mean conductivities that are uncertain because the porosities o f ,  

individual samples are not accurately known. 

NORTHERN COLORADO 

Heat flow values and generalized geology i n  the neighb 

rder are shown n.Figures 1 and 2. 

3969)., Hallin (1973),. Roy I Decker (1966, 1969) and 

Decker e t  al..-(1980) and Bueto 1WO) Combined .faux and radlaactive heat pkoduc- 

e t  a l , ,  81.). % ,  

Figure 3 shows that . .  the surface and reduced heat flow i n  the southern Rockies 

low t o  normal, whereas that i n  the mountains i n  extreme northern 

There is significant+scatter i n  the va 

Colorado Rocki,es, - b u t 1  the averages of the mst reliable surface and reduced 

h i g h  .(Fig. 3). 

i n g  Rockes and 

ide, a s . i s  the t 

region (JC, PM2, PVM) I 

nterpretations of the 

temperatures i 

Wyoming, ,and nearemel t i n g  conditions near 

orado< imply massive a p n t s  .of melting of the 

e r  crust and upper Thereare a t  least two Snterpretations 

of the geothermal. studies o f  the Park areas. 

calculated temperatures (Fig.. 4) suggest that the yery liigh f l u x  my 'be explained*by 

First, the unrealistically h igh  

, 298. 



t ransient conductive o r  nonconductive heat sources i n  the subsurface. Secondly, 

the heat sources tha t  produce the excess f l u x  must be i n  the crust  because the 
. i /  

depicted northern border o f  the anomaly i s  narrow (<50 - km). Decker e t  at .  (1980) 

also suggested tha t  t h i s  t rans is t ion  was narrow (<75 km) and implied tha t  the , 

high f l u x  could be due t o  nonsteady conductive o r  convective heat sources i n  the ,  

r uppermost mantle. . i  

' 

Buelow (1980) synthesized regional g rav i ty  'measurements and showed tha t  ;the 

amolies increase i n  a region o f  t rans i t i on  between Middle.Park In 

Colorado and the Medicine Bow MountaZns i n  Wyoming. There i s  evidence also for 

Rockies experienced tectonism, igneous ac t i v i t y ,  u p l i f t ,  and erosion f n  the l a t e ' .  

Cenozoic (Buelow, 1980, pp. 60-68). Thus, one reasonable speculation i s  tba t  the 

regional grav i ty  and heat f low anomalies are re la ted t o  the same geologicai ly- 

young 'masses i n  the'  crust. A "preferred" in terpretat ion o f  regional Bouguer g rav i t y  

anomalies along 106' 15' west longitude i s  shown i n  Fig. 5. As implied by the 

thermal parameters shown i n  Fig. 3, t ransient cool ing o f  the low density bodies 

between 5 and 10 km i n  the upper crust  also would explain the heat flow high 

i n  the Park areas, i f  large tabular masses were implaced about 2 MY ago a t  in t rus ion  

temperatures 600-700°C higher than those o f  the bordering un i ts  (also see Buelow, 

1980, p. 76, Table 111). 

The geology i n  northern Colorado i s  complex, and the associated thermal 

regime i s  not wel l  determined because the number o f  heat f low and rad ioac t i v i t y  

stat ions i s  small. Addit ional ly, the young (< - 2 MY) igneous rocks i n  the Basalt 

Mountain-Flat Top-State Bridge area, the l a t e  Micocene volcanics i n '  the E l  khead 

Field, and the high reduced f lux a t  Hahn's Park suggest tha t  the unusually high 

egional heat flow may not be confined t o  a simple north-south trending'zone L' 
e t  al., 1975; Buelow, 1980). Thus, the actual heat f low f ie ld 'cou ld  



complex and a likely interpretation is that the area is underlain by a three- 

dimensional distribution of young intrusions, bedrock radioactivity, and/or ' 

nonconductive heat ources. 

to better establish the regional heat flow regime in northern Colorado before 

pushing the interpretation much beyond the generalized two-dimensional conductive 

Although such models are appealing,- it is desirable 

, I  cdol ing model di scussed above. 
+ *  

.. 
1 1  . 
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. Table 1. Summary of basic Geothermal data for drill holes. 
No. refers to number of conductivity samples. Standar (2) shown below man and/or least- 

- squares values. 

C NORTHERN COLORADO 

Hahn's Peak (HP)+ 
DDH-7A 

400 50.3' 

. 
DDH-101 

Poison Ridge (PR)+ 
DDH-105 400 19.2' 

DDH-105 400 29.1' 

PV-105 400 19.9' 

FS-105 400 55.9' 

8 
)-r 

Parkview Mountain (PM2)+ 

Northgate (NGT)+ 

WYOMING 

Sierra Madre+ 
SM-8 (SM2) 410 10.7' 

SM-1 I{ SMl ) 410 13.3' 

MB-13 (MB2) 410 27.4' 

MB-5 ( M B l )  410 28.7' 

Medicine Bow Mountains+ . 

1060 55.4 

1060 14.9' 

1060 15.1' 

1060 08.0' 

1060 16.6' 

1060 53.8' 

1070 08.2' 

1060 21.0' 

1060 13.8' 

280 

330 

850 

980 

920 

680 

840 

200 

256 

170 

330 

. .  
. .  . .  
. . . . .  . .  

-24 21.8 39.2 1.36 
+.06 - +.2 2.4 +.02 - +.05 

.09 37.1 42.4 2.29 -2.56 
+.05 - +.2 - +.3 - +.03 

6.33 35.4 40.1 2.24 
+.03 +.1 +.2 +.03 +.03 - - - 
I* 30.3 30.1 1.78 

009 2.3 - + e 0 4  - +.04 

091 27.3 26.4 1.61 1.56 
-09 - +.2 - +.I. t.04 +.04 

6.28 30.3 36.8 1.90 2-32 
+.25 - +.16 2.6 - +.09 - +.I3 





Squaw Springs 420 27.4' 

Bulb Springs .420 6.4' 
- 

42O 5.4' 

Hadsell Springs 420 11.2 

Osborne We1 1 420 10.4' 

.O 0 Highland F l a t s  43O 2.9' w 

North Butte 43O 48.2' 

43b 48.2' 
43O 48.4' 

430 48.8' 

For t  Reno SE 430 48.2' 

430 48.9' 'Y 

43O 50.1' 

43a 50.1' 
.. . .  

..I 
, .  

430 48.9' 

. .  

1060 3.9 

1070,35;9' 

1070 36tl' 

107O 38.3 

1070 45.8' 

1050 42.1 

1050 59.0' 

1050 59.2' 

1050 59.6' 

105O 59.7' 

1060 '0.0' 

1060 0.1' 

1060 1.8' 

1060 1.8' 

'1060 2.6' 

299 

229 

152 

457 

503 

140 

165 

82 

183 

174 

152 

82 

812 

' 73 

119 

49 5.8 - *.6 

. .  ' 29.0 

14.4 

. - +1.5 
+. 3 

$13.5 
+.4 

' 11.0 
9 +.4 

i - 

54 .8 
.6 

15 .9 
.6 

17 . 5.5 
+1.1 

9 5.0 
- I  

* 17.3 
' - +.2 
15.6 - +1.9 
25; 0 
+.4 
63.0 
+2.3 
T7.9 
+.5 

' 21.3 - +; 4 

21.7 
-+.4 
.7 
03 

- 
6.9 - +.8 

! 1.65 
'+.25 - 

v 76 - +,lo 
; 93 - +. 11 

.64 - +.07 
1.00 - +.lo 
. 84 
12 

38 
+.28 
3.3 - +.3 . 91 
+.16 
f. 17 
+; 19 

1.09 
+.20 
f. 17 

. +.27 
T;29 ' - +. 27 
.95 - +. 16 . 33 

* i  

- ,) 

+.09 
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Fort Reno 

Pickett Creek 

SOUTHERN MONTANA 
Beartooth Mountains 



Figure 1.  Map showing geography, physiographic provinces , 

and heat flow i n  Wyoming and bordering areas. 
See text for published values references,  

> .I 
: j  
. i  
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I 
i 



. Nap showing generalized geology and generalized 
Wyoming and bordering areas. 
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Heat-flow profilk North-South along lsngitudinal line 

. ., VALUES I 

Fig. 3. H e a t  flow d a t a  along l i n e  A-A' i n  Fig. 11. Data f r o  abies- I and I1 Decker e t  al. 
(19801, and Decker (unpubished) . 
KS = Keystone, WY. ; JCK = Jack Creek, CO. ; and NGT - Nbrthgate, CO. 
(1980)). 
pendicularly t o  profille; HPg is Hahn's Peak d a t a  pro j  
and CS means complicated geologic s t ruc tu re .  Thermal eters depie t  prisms are f o r  
t r a n s i e n t  cooling models t h a t  Buelow (1980)' u s e d , t o  e 
Fig. 16 i n  Buelow (19801. 

Abbreviations: SL = Sand Lake, WY. ; AL * Albany, WY. ; 
( a f t e r  Decker e t  a l .  

Other abbreviations shown in -Tab le  I. H P ~  is Hahn's Peak d a t a  pro jec ted  pe r  
t o  p r o f i l e  a 

n the  hear fl 
* I  

. I _  I 

c. 



TEMPERATURE. 'C 

I 

Fig. 4. Poss ib l e  s teady-s ta te  yoming Basin 
a t ea ; the  eastern Front Range, and the  North Park region. Temperatures ca l cu la t ed  f o r  
models depicted i n  t h e  upper r i  f igure .  Lined areas represent  t h e  range 
of temperatures using uniform ( ponent ia l ly  decreasing (upper bound) 
c r u s t a l  r a d i o a c t i v i t y . f o r  the var ious  models. 
va lues  o r  common1 a lues  (see Roy chenbruch, 1968, 1970; Decker 
et  al.,  1980 th icknesses  .are from Prodehl and 
Pakiser  (198 fe) , t o n a l i t e  (andes i te )  , 
and gabbro ( o l i v i n e  t h o l e i t e )  from Lambert S t e rn  and Wyllie  (1973), 
and S tea rn  e t  al. (1 After  Fig. 14 

erature-dep t h  models' f o r  t he  Laramie Range-eas te; 

e t e r s<c$ i r ec t ly  fol low su r face  
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