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INTRODUCTION

This report presents heat flow values and updated maps of flux in Wyoming and ﬁ!;
adjécent areas. Most‘of'the'fepokt diféct1y'f6]10Ws previbu§ technica] reportS‘by
Decker et al. (1981) and Decker and Buelow (1981). Funding for all research was . l
furnished by Cooperative Agreement DE-FC07-79ID1206 between the University of
Wyoming and the U.S. Department of Energy.

Throughout this:fébdrt, depths are in meie}s’(hi and kilometers (km),
temperatures are in degrees Celcius (°C), and thermal gradients are in degrees
' Celéius per kilometer (°C/km = m°K/m)., The thermal conductivity unit is abbreviated}
“to CDU (1600 = 1 x 103 cal/cm s °C = 0.4184 W/m °K), the heat flow unit to HFU

6 2

"(IHFU = 1 x 107" cal/em™ s = 41.84 mw/mz), and the radiogenic heat generation unit

-13 ca]/cm3 s = 0.4184 W/m3). Values of gravity are plotted

to HGU (1HGU = 1 x 10
in milligals and the density unit is gm/cm3. Standard errors are shown to indicate

measures of the internal consistencies of the geothermal data.

DATA

Table 1.is-a 1ist of locations and basic geothermal data for recently
completed heat flow stations fn Wyoming, northern Colorado, and southern Montana.
The least-squares gradients (Grad.) were calculated using temperature-depth
data for "reliable" portions of the holes. The average thermal conductivities
(Cond.) were calculated using measurements on rotary drill chips, or by using
measurements on core samples. Established divided-bar techniques (Sass et al.,
1971a, b; Roy et al., 196§b; Decker, 1973) were used for all conductivity measure-
ments. The heat flow values were.calculated as the prngcts of averagg;conductivity
multiplied by the indicated 1east-sduéres gfadiénfs for each hole. The obserQed
heat flow values (UNC) refer to the values obtained using uncorrected gradients
and measured conductivities. The corrected values of flux (CORR) are the values ﬁﬁvf

that were obtained after the observed temperatures and/or gradients were corrected
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for the effects of three-dimensiona] terrain. Birch's (1950) metnpds‘was'uSedvto

“correct for topography out to a lateral d1stance equal to twenty times the deepest

temperature measurement 1n each hole. o
Deckerf(1973)'shows'that~gradient.determinations are a very accurate part-of' 
the geothermal studies reSearch'program‘at the‘Uniuersfty of Wydming The re11a-
bility of our "chip" conduct1v1ty measurements 1s d1ff1cu1t to assess because
the poros1ty of(the penetrated rocks was not always accurate]y}known. A reason-
able average porosity was assumed for most of the samples. Thus some of the indi-
vidual heat flow values may be inaccurate or uncertain by a significant ambunt;'and
so some of the tabulated changes of ’f"lu‘x' in a studied areamay be "artificial".

The tabulated average f1uX’for‘an area may be significant, however, and may provide

. ajreasnnap1e‘estimateuof'the actUai’ragional flux. For example, the 1.36 HFU

(56.9 m/m%) average flux for the ten sites in the Boot Heel Quadrangle, Wyoming
ared suggests that heat flow in this region is normal, if it is assumed that con-

ductivity errors are randomly distributed.’

HEAT FLOW MAPS

Figure 1 is a map of physiographic provinces, geography and heat flow in
Nyoming°and'bordering‘areas;' Generaliaed geoiogy“andtgeneralized flux in these
areas\arépplotted%tn Figurelz;'_TheEheat tlow‘dataﬁin‘bothffiguressare after Table
1 herein, Blackwell (1969), Sass et al. (1971b), Morgan et al. (1977), Decker and -
Bucher (1979}, Heasler“(1978)‘ Reiter et al. (1979), Decker et al. (1980), Buelow

7 (1980); Deeker et al. (1981), and unpub11shed values be1ng reduced by various
jperspnnel‘at’the‘Un1vers1ty of Wyom1ng. The physiographic provinces are after
Fenneman (1946), and the generalized 9901pgy is ‘after the compilation for the

~ United States by King and Beikman (1974). Both maps are. cons1dered re11ab1e repre-

sentations of the reg1ona1 heat flow patterns in the dep1cted areas
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DISCUSSION OF DATA », |
Wwomne | B (e
The widely spaced heat flow stations in Wyom1ng can not be used for re11ab1e ‘
quant1tat1ve assessments of the geotherma] resource potent1a1 of the State., Ad:_iv -
few genera]1zat1ons are permitted by the current data base, however, and some
of these are brlefly d1scussed be]ow ‘ _ 7 Lo
- It 1s seen in both maps that most of the heat flow values 1n the wyom1ng L
Bas1n - Southern Rocky Mounta1ns region 1n southern Nyom1ng are 1ow or norma]
Thus, these data are not consistent with shaj]ow,(moderate or high temperature
hydrothermal reservoirs in these areas. This genera]ization may appear to be.in-
hconsistent with hot springs (54°C) in the Saratoga Valley (F1g 1) (Breckenridge
and Hinckley, 1978) However, our 1.2 HFU (50.2 mW/m ) flux on the Walck Ranch |
about 5 km west of the town of Saratoga implies that the springs are not surface
manifestations of a shallow subsurface hydrothermal reservoir with large 1atera1
dimensions. Because there is'geologic evidence for young faults in Saratoga_ »
(Montagne, 1955), one interpretation is that the springs emerge from near-surface
fractures (faults) that tap an'underlying, low-temperature hydrothermal.reservoir.
The recently ca]culated heat flow values in-the Gas Hills area on the‘Sweet-
water Arch are in the range 1.1-3.2 (48-134 mW/mz) (Figs. 1 and 2). The meaning .
of these data‘is obscure, but the large heat flow variation could be explained;hy;
a complex distribution of circulating ground waters in this extensively faulted
terrane.> A,similar mechanism could explain the Tow temperature (32°C)<of theghot‘
springs at Sweetwater Station in a nearby portion of the Hills (Breckenrjdge.and .
Hinckley, 1978). Future investigations of the hydrotherma1 resource basegin;this
region should focus on detailed studies of the correlation between faultingiand",
ground water hydrology A , . |
Decker et al. (1980) reported heat flows of 1.7 HFU (71.1 mw/mz) and 1 9 :y ‘;;

HFU (79.5 mW/mZ) for two stations near Lysite, Wyoming. These data and the more
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recent]y obtained 1 6 to 1.9 HFU (66 80 mw/mz) values 1n this area, suggest that
the regional fiux in th1S part of the Owl Creek Mounta1ns is above normal (see
VFigs. ] and 2) Additiona]iy, our vaiues of f]ux for a 298 m deep ho]e that
terminated 1n Precambrian basement near the northern end of the Laramie Mountains
is 1.7 HFU (69.0 mi/n?) and above-normal flux (1.7 and 2.1 HFU (71.1 and 87.9
,mW/m )) has been obtained at two 51tes near Doug]as, Nyoming about 70-100 km o
- to the northeast (see Tabie 1, Fig 1). There is also eVidence for above-normal '
' f]ux in parts of the Powder River BaSJn that are north, east and south of Dougias;-
a]though the range of calcuiated vaiues 1s large (1 1- 2 l HFU (41 8-87 9 mW/mz))
(see Figs I and 2) Thus the Lysite-northern Laramie Mountains - Doug]as area f
‘. . may be an. east-west trending heat fiow high that extends 1nto part of the Powder -
'}River Ba51n (a]so see Lachenbruch and Sass (1977)) One 1mplication of th1S ‘ -
_7‘inferred high heat f]ow 2one is that high yield aqu1fers (e g. the Madison Lime-x

,stone) at depth cou]d be valuabie reserv01rs for moderate temperature hydrotherma]

": f]uids 1n large parts of the Powder River Ba51n Another speculation 1s that

ubpotentially va]uab]e hydrothermai reserv01rs cou]d ex1st 1n the postulated above-

‘_]normai heat f]ow band between Dougias and Ly51te, an area that contains one of ﬁ

”JJthe larger populations centers (Casper) in wyoming

From combined heat fiow and radioact1v1ty data (1 8 HFU (75 3 mW/m ) 4 2 HGU
(1 79 mW/m3)), Bueiow (1980) 1nfers that the Meadow Creek Bas1n area 1n the
’ Absaroka Mountains 1n northwestern Wyoming 1s 1n a zone of high flux This view
- agrees with Blackwel] s (1969) above—normai va]ue of 1.8 HFU 975 3 mW/m ) for the N
Kirwin Mine area about 10 km southeast of Headow Creek Ba51n (Figs. 1 and 2)
S A 0.9 HFU (37 7 mW/m ) heat fiow is tabuiated for the Picket Creek area 1n :
?the southern part of the Absaroka Mountains (Tabie i) In the northern part of -
#these mountains, two recently obtained uncorrected vaiues 1n the Suniight Basrn |
area are l 5 and 1 8 HFU (62 8 and 75 3 mW/mz) (Table 1) Corrections for steadye

state terrain near the Suniight Baswn swtes wou]d lead to lower heat f]ows at
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these stat1ons, and the tabulated value for the P1cket Creek area may be uncer- :

tain by about 40% because we suspect that the poros1ty of the penetrated volcan1cs Q_;;
and sed1ments is h1gh We can not be more spec1f1c about the "true" regional

heat flows at these local1t1es w1thout deta1led reduct1ons for terra1n and actual
poros1t1es - | o o |

_ We may speculate, however, that two s1gn1f1cant transit10ns of flux exist |
in the Absaroka Mountawns. One trans1t1on occurs along an east- west proflle -
'that crosses the eastern part of Yellowstone Nat1onal Park (YNP), as d1scussed

by Morgan et al (1977) and Decker et. al. (1980) the change to unusually hIgh

"_;r‘flux 1n YNP (>2 5 HFU (104 6 mW/mz)) must be due to shallow (magmat1c?) heat

Hffsources 1n the crust below the Park area. Additionally, a s1gnif1cant north-
south change of flux may occur in the Absaroka Mountalns that are east and south
lof the Park We suggest that the northern boundary of th1s trans1t10n 1s between
.'the h1gh surface and reduced heat-flows of 1.8 and l 4 HFU (75 3 and 58 6 mW/mz)
- in Meadow Creek Bas1n (Buelow, l980) and the normal unreduced and reduced values
of l 3 and l 0 HFU (54 4 and 41.8 mW/m ) in Sunl1ght Basin (Decker et al., l980)
(see F1gs l and 2) Cont1nued heat flow and radioactivity stud1es are needed ﬂA
to def1ne and model this 1nferred tran31t1on o |
F1nally, currently available heat flow values in the vicinity the B1ghorn
Bas1n (F1gs. 1 and 2) are normal (l 3-1.6 HFU (45.4 = 77.9 mW/mz)) These values
suggest that the Bas1n is not characterized by large, shallow hydrothermal

Y‘ESEPVO'I rs.

SOUTHERN MONTANA

The uncorrected heat flows for three recently obta1ned holes in the Beartooth
Mounta1ns are in the range 1. 3 - l 8 HFU (54 4 - 75 3 mW/m ), values that roughly
r gree w1th prev1ously publ1shed determ1nat10ns for these mountalns (Blackwell, o ‘i; ,

l969, Sass et. al., l97lb) The d1fferent heat flow values for the recently
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‘ ;xtion data long a north-south proflle at 106° 15' west Iongitude are plotted in

analysed stations may be due to effects of local. topography, or they may resuit .
ffom;uses;of,mean:conductivities.;hatAare uncertain-because .the porosities of .

individual samples are not accurately known.

NORTHERN COLORADO | N e

. Heat flow values .and generalized geology in the ne1ghborhood of the Colorado-
Nyoming border are shown in. Figures 1. and 2 Data -are-after Table:} herein,uBaker
: (1976), Blackwell (1969), Hallin (1973) Roy et al.. (]968b),fDeckeri(]966;.1969)7and
Decker etzal.e(lgso) and,Buelow {1980). - Combined flux and radicactive heat produc-

;ffFig 3, ﬂata are'from Bue]ow (1980) and Decker et al (1980) (aIso see Decker Q?ﬂkﬁife
etal., 1981) ' ; | |
ri_Flgure, 3 shows,thet;the,serfaceeeneereduced.heat flow in the southern Recgies

in Wyoming is Tow td_normelg,whereas,that in)theumountains”in extreme northern

eqi;Co}orado@igghigh,;;There;is,significant¢scatteb:infthe values.in the Park areas

f;,in the Colorado ROckies,~but»the’average§'of the most-re1ieb1e'surfece and reduced
“'iheat flows 1n this: reglon are unusually high (F]g. 3) -As depicted'in"thé figure,;7:~*
the tran51t1on of flux between the Nyom1ng Rockes and - the Northgate (NGT), Colorado

";jarea<is 1ess ‘than 50~km wide, as-is the\tranSItion ofvflux between the Northgate -

2 area and the Park regwon (JC, PM2, PVM) in_.Colorado: 1mmed1ately to the south

Steady-state interpretat1ons of the. regional geotherma] data 1mply subsolidus T

temperatures 'in the lower crust and upper mantle beneath the southern Ro¢kiesf1n |
Hyoming,;aﬁd;hearfmelying conditions,near.the~crustemantfe\bdundarygin;the;nogt@enn
‘ Ffont;Range;1nf0010bado,(519i 4)eA;In,Strikin9,contrast;4calculated:equilibni¢m:;ﬂ.
'tempera;hre$gin;thefPark ereas,ineColoradoejmply;massiveeamgqn;s,ofime]ting30f,tbe -
10weracrust.and-upper;mantle;(Fig. 4).: There-are at ‘least two interpretations. -
of'the;geothetmal studies of the Park,areas.,;Fiest,,thesaneelisticallynhigh
'.calcu1atee,temperatures;(Eig;;é)_suggest.that the,yery;high flux may be explained by
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crust or uppermost mant1e

L_;a seism1c }ow ve1oc1ty zone in the upper crust in northern Co]orado (Prodehl

“'“*7Land Pakiser, 1980). ‘and’ the Park areas and other parts of the northern Colorado

regional’ heat flow ' may not be confined to a simple north-south trendxng,zone

transient conductive or nonconductive heat sources in the subsurface.’ Secondly,
the heat>sources that produce the excess flux must be in the crust because the °
depicted northern border of the anomaly is narrow (<50 km). Decker et al. (1980)
a]so:suggested ‘that this transistion was narrow (<75 km) and implied that the |
hlgh flux could be due to nonsteady conduct1ve or convect1ve heat sources in the

: '::,&t,‘;: P Tl P uly

Buelow (1980) synthesized reg1onal gravity measurements and showed that the

-‘fBouguer grav1ty anamolies increase in a region of transition- between Middle.Park in .

Co1orado4and'the'Medic1ne Bow;Mountainsfin Wyoming. ”’There“isleVidence;also fbr*f*,

Rockies experienced tecton1sm, 1gneous activ1ty, uplift, and erosion in the late -

‘Cenozoic (Buelow, 1980, pp. 60-68). Thus, one reasonable speculation is that the

regional gravity and heat flow anomalies are related to the same geologically-

- young ‘'masses in the crust. A "preferred" interpretation of regional Bouguer gravity -
1 anomalies”along 106° 15' west longitude is shown in Fig. 5. ‘As implied by the
~ thermal parameters shown in Fig. 3, transient cooling of the low densityébodiesf-'

“between 5 and 10 km in the upper crust also would explain the heat floW‘high :

in the Park areas, if large tabular masses were implaced‘about 2 MY ago-at intrusion

temperatures 600-700°C higher than those of the border1ng units (also see Buelow,

1980, p.’ °76, Table 111)

The geo]ogy in northern Co]orado is complex, and the associated thermal '

“vegime is not well determ@ned'because the number of heat flow and radioact1v1ty¥57

stations is small. Additionally, the young (< 2 MY) igneous rocks in the Basalt
Mountain-Flat Top-State Bridge area, the late Micocene volcanics in'the Elkhead
Field, and the high reduced flux at Hahn's Park suggest that the unusuallyfhigh '

'.K?(Larson ‘et al,,,1975, ‘Buelow, 1980). Thus, the’ actua] ‘heat flow: f1e1d ‘could be
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cohplex and a likely interpretation is that the area is underlain by a three-
dimensional distribution of young intrusions, bedrock radioactivity, and/or -
" noncdnducpive/heat;50urces;‘;A1though su;h models :are appealing;hit is;desiéable i
" to better establish the régidnal'héat flow fégimé in northern Co]oradofﬁefore~
iipush1ng the interpretat1on much beyond the genera11zed two-d1mens1ona1 conduct1ve-.A

| cooltng mode] d1scussed above
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Table 1. Summary of basic Geothermal data for drill holes. “f1*3‘-
_ No. refers to number of conductivity samples. Standard erros (+) shown below man and/or least-
squares values._ R i -

_ - R , TR Grad Heat Flow ;ﬁ
: ‘North West Depth oK OC/km HFU -
Loca]ityl\ Latitude LatitUde (Meters) No.  €DU UNC CORR. UNQ‘ CORR
~ NORTHERN COLORADO | | R | I
~ Hahn's Peak (HP)* 400 50.3" 1060 55.4 280 .  66%. 6.24 21.8 39.2 1.36  2.45
DDH-7A - . U406 +.2 4.4 302 £.05
DDH-101 | | 330 18 6.09 37.142.4 2.29 .2.56
- : : 405 4.2 #.3 #.03  +.04
850 45 6.33 35.4 40.1 2.24 2.5
Poison Ridge (PR . . s . T
A°BDH118§ (PR) 400 19,2 1060 14.9' 980 67* 5,91* 30,3 30.1 1.78  1.78
DDH-105 400 29,1 1060 15.1' 920 67 -5.91 27.326.4 1.61  1.56
’ | %00 4.2 4.1 +.04  +.04
Parkview Mountain (PM2)* - e ST
PV-105 400 19.9' 1060 08.0' 680 26 . 6.28 30.3 36.8 1.90 2.32
- . | L 425 #.16+.6 +.09 +.13
Northgate (NGT)* ' - SR ,
FS-105 400 55.9° 1060 16.6' 840 64 . 8.29 27.0 26.4  2.32  2.27
, : L 407 #.2 +.2 4,03 +.03
WYOMING S |
Sierra Madret - ii;f;7A - i :
SM-8 (SM2) 410 10,7 1060 53.8' 200 - 12° '8.;64 8.3 9.2 .75 .80
SM-11(SM1) 41013.3' 1070 08.2' 256 6.32 15.2 15.0 -~ .96 .95
. . 25 +.3 #.3 4,06 +.05
Medicine Bow Mountains* - R : e :
MB-13 (MB2) ‘410 27.4' 1060 21.0* 170 7.6 7.2:1.03 .98
o | | 41 41 +.06  +.05
MB-5 (MB1) 410 28,7' 1060 13.8' 330 7.2 8.1 .95 1,07
R . . : o co 1.1 i.l ) +006 . 1105
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Locality :
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_Latitude -

" West ' Depth
Latitude (Meters)

—Grad
K : OC/km :

Heat Flow

. ~HFU
UNC __ CORR

. Baggs
.+ Einley Reservoir
;?Wa1ck Ranch

liBbdt Heel Quad.

‘Bringolf Ranch

-

,-4101;315;
oo
‘419'26;2‘

9.3
420 9.1t
420.- 3;4ﬂf
420 10,50
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429 171
o
1420 18,4

420 186"

1070 45,9
1060 40.0*
1060 53.8"
1050 45.8'
1050 46,10
11050 46.1"

1050 47,8

1050 49.4*
1050 59.7'
- 1050 58.0"

- 1080 52.1'

11080 50.6°
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Locality

North

_ Latitude

W

est

Depth

Grad
... OC/km-

Heat Flow
- HFU
SUNp CORR

Squaw Springs

Bulb Springs

Hadsell Springs
Osborne Well

Highland Flats

c0g”

North Butte

,_}Fort Reno SE

420 27.4¢

3420-.6;4i.
420 5,4

420 11,2

420 10.4'

430 48.2°

430 45,2+

430 48.4'

430 48.8"

430 48,2
1430 48,9
430 50.1¢
‘43°<50Li'
30 48,9

_Latitude (Meters)
106° 3.9 299

;1070

1070

1070

1070

1059

1050

1050
1050

1050

1060

1060
1060,

00
1060

-36.9°
bf. 3661'
38.3

45.8°
42.1

59.0"
59,2
59.6°
59.7°
0.0
O’(]"
1.8

1.8
2.6

229
-152

457
503
;40
165

82

183
174
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. " T — Grad
North : West .= Depth K & OC/km ¢

“.fHeat Flow

“HFU .

Locality . Latitu@e Latitudef~(Meters)- “No.. . CDU  UNC CORR",

Fort Reno 43049.2' 1060 3.2 =119 17
Pickett Creek a0 19,6 1000183 186 10
Sunlight Basin e T T L e
SBE-3 480449 1090 25.3' 254 qz;ﬁr,g é
SBE-2 ©84025,0 1090 24.3' 220 »,5?33{;1;4.3
SOUTHERN MONTANA o | R
Beartooth Mountains . = © Lo P PEEREEEE e T S
BE-5 | i 545° 04.9' 1000 14.1' 288 19 4,551529 9
BE-4 o, 9',<f~21096 4.1 230 igfif*4§55‘*29 0
BE-2 ?'7'f450 05. 3 109014.2° 123 18 4.28 1.0 -
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= Thermal conductivity va1ues used were taken from nearby ho1es (See Buelow, 1980)

+ - From Buelow (1980 Table 1)
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and heat flow in Wyoming and bordering areas.
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Fig. 3.
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Heat flow data along ;line A-A' in Fig. 1l1. ‘Data from Tables I and II Decker et al., ;

(1980), and Decker (unpubished) Abbreviations. 8L = Sand Lake, WY., AL = Albany, WY.}- -

KS = Keystone, WY.; JCK = Jack Creek, :CO.; .and NGT = Northgate, Co... (after Decker et al.’
(1980)). Other abbreviations shown in Table I. HPj is Hahn's Peak data projected per- |

pendicularly to profile; HP_ is Hahn's Peak data projected to profile according to geology, ‘

and CS means complicated geologic structure. Thermal parameters depiéted 1in prisms are for

transient cooling models that Buelow (1980) used. to. explain the heat flow anomalies. After
Fig. 16 in Buelow (1980) . :
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ossible steady~state temperature-depth-models for the Laramie Range-eastern Wyoming Basin
area, the eastern Front Range, and the North Park region. Temperatures calculated for
models depicted in the upper right hand corner of figure. Lined areas represent the range
of temperatures using uniform (lower "bound) and exponentially decreasing (upper bound)
crustal radioactivity for the various.models..

et al., 1980),

Values of parameters. directly: follow surface
values or commonly used values (see. Boy et al., 1968a, 1972 Lachenbruch, 1968, 1970; Decker
- Pakiser (1980).

Crustal thicknesses are indicated by hatching, thicknesses -are from Prodehl and

Solidus and’ liquidus curves are for. granite. (rhyolite), tonalite (andesite),
and gabbro (olivine tholeite) from Lambert and Wyllie (1972, 1974), Stern and Wyllie (1973),
and Stearn et al. (1975).

After Fig. 14 in Buelow (1980) .
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-5, Interpretations of regional gravity profile (dashed lines) along line A-A in Fig 11.

The effect of generalized near-surface geology and structure was stripped from the

Bouguer- gravity’ anomaly (solid curve) to obtain the. regiOnal gravity.

fcedures after Buelow (1980 Fig. 19, p. 84—94)

Figure,gnd‘pro—”
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