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Heat Flow at Spor Mountain, Jordan Valley, Bingham, and 
La Sal, Utah . . . 

JOHN K. COSTAIN 

Virginia Polytechnic Institute and State University 
Blacksburg, Virginia 24061 

P. M. WRIGHT 

Kennecott Exploration Inc., Salt Lake City, Utah 84104 

Geothermal gradients \vere obtained in drill holes in Utah at Spar Mountain,- Enterprise, 
La Sal , Monticello, Bingham, and Joras.!l Valley. A heat flow of 3.0 ± 0.3 I-'caljcm2 sec was 
iound at Spor :\luUlltuin (39°43'N, 113°13'W). The flux at Jordan Valley (40047.0'N, 
112'04 .3'W) is e~tima ted to be 1.8 == 0.6 ~cal/cm' sec. The revised heat flow at La Sal 
(3so 14.3'N, 109° i6.3'\Y ) on t.1e C-ulorado Plateau is 1.5 ± 0.2 -~caljcm2 sec. The heat flow 
C,L Bingham (40 0 32':-i, 112'OWW) is 2.3 =_ 0.3 ~cal/cm' sec. On the basis of .much of the heat 
'low data now 2.vaih8ie for 'th e Colorado Plateau, including our revised values Ilt La Sal. 
there appears to 0;: l"ss justification for defining the Colorado Plateau as a separate heat 
20W province wid:: :;,i)ncrr:::illy low he:t [ flow. 

Tfrnperatures \vere me:::,slrred in diill boles 
.E Sp OT i\1ountain~ ill Sal. Bin.~hum! ~.lDci Jordan 
i'lll.: \·, Utah. F!"i'e ch-i ll hclffi were logged ror 
temperature in the Enterr::i;:e area, and one 
:o!o:- near ~ro.nticell[j J SfUl J u n C~OUIlty. In i .. he 
En! ::: rpri3e and 1\-IrHn:lc-ello :;.reas the tcffipera­
:'Jre gradients were dist~llrbed oy shailo'.", ground­
';\·~ltc r circulat~on1 and no fu::tber interpretation 
oi The data 'from tile"" holes "as justified 
[Wright, 1966 ]. 

T EMPERATURE ,\IEASURE').fENTS 

For the holes at Spor Mountain, J ordan 
ralle~' , and La Sal we llsed a platinum resistance 
therriLOmeter, model 134HH, manufactured by 
Rooemount Engineering Company, with a nomi­
nal ice point resistance of 1000 ·ohms. A change 
in temperature of 0.01 °C corresponds, for a 
1000-ohm element, to a change in resistance of 
approximately 0.036 ohm. Any system u<!ed to 
measure resistance must be able to detect a 
change in resistance of this magnitude in order 
to resolve temperature changes as small as and 
;maller than 0.01 DC. To measure temperature 
to an accuracy of ±0.01 DC at, say, 50DC would 
requi re measuring the resistance of a probe 
Irho;;e nominal ice point r esis tance i!) 1000 ohms 

C"pyright © 1973 by the American Geophysical U nion . 

to an accu racy of 1197.38 ± 0.036 ohms, or to 
about 0.003% . The individual resistance bridge 
decades can be calibrated to this accuracy; 
however, because of the limited resistance range 
t hat will be encountered in the field by using 
a 1000-ohm platinum probe! about 390 ohms 
for the temperature range OD-100°C, it is pos­
sible to compare the resistance of the probe 
with the constant resistance of an accurate 
primary standard for which the resistance is 
known to ±0.001 %. For all of the holes except 
the one at· Bingham we ·used a comparison 
bridge, model DBR-1, manufactured by the 
RdF Corporation, Hudson, New Hampshire. 
This bridge balances out mos t of the probe 
resistance with a primary standard resistance 
accurate to within ±0.001%. If the nominal 
resistance of the probe used was 1000, 2000,' or 
5000 ohms, then the resistance of the primary 
standard used was 1000.00. ± 0.01, 2000.00 ± 
0.02, or 5000.00 ± 0.05 ohms, respectively. The 
standards were calibrated by the manufacturer, 
by a secondary standards laboratory, and by 
the National Bureau of Standards. The final 
bridg~ balance was achieved by ~sing the Rubi­
con decade resi"iances in the bridge. We believe 
the accuracy of our . temperature measurements 
with the WOO-ohm probe to be ±0.05°C and 
the precision to be ±O.Ol°C. The hole at Bing-
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8688 COSTAIN AND WRIGHT: HEAT FLOW IN UTAH 

ham was logged by using a 5000-ohm platinum noted between field trips [Wright, 1966, pp. 
resistance probe with a precision of abollt 130-131]. For short intervals in a drill 

. ±0.002°C. the better resolution of thermistors is a U"Llllll~ '''' 
A different apparatus was used at the Bing- advantage. Our original reason for using plati~ 

ham hole, and we are now using a Honeywell num was the better stability of platinum over; 
1551-E Mueller bridge in conjunction with thermistors; however, thermistor probes \~ith~ 
Julie Research Laboratories and Electroscien- excellent stability, such as the Fenwal oceano- ;: 
tific Industries SR-l standard resistors, which graphic-type probes, are now available, al1d we-Ji 
are accurate to ±O.OOl% . A Honeywell 3972 dc have essentially shifted to thermistors for field 
microvolt null detector is used to balance the measurements; making occasional checks 
bridge. The Mueller bridge also provides for using a platinum probe. We have 
balancing out most of t he resistance of the gradients obtained with a 5000-ohm 
probe ",ith an eneIT12.l prJ1:1arJ standard re- element with those obtained with a 
sistance. As is true -nth the comparison bridge, . oceanographic probe of about 1l,000-0hm 
final balance is achieved by using decades built point resistance and about 480Q ohms 

. into the bridge. 20°C. The difference in the gradients 
Most ternpera"ure mea...'<Ul'ements for- terres- intervals of about 100 meters was less than 

trial heat flow deter:mr:ations are made by using For the holes at Spor Mountain, J 
thermistors, and here the sU~L..'1.bility of plati- Valley, and La Sal we used U.S. Steel 
nUll for temperarur-! measurement;r in deep tion 4-H-1 four-conductor dOUUlt,..a.ullOH!U .,,,,, 
holes is discussed. \Ie h3.';e consistently obtained Amergraph cable, which is a heavy cable with 
excellent results using pb,tinum. For example, a resistance of about 15 ohms/lOoo feet 
periodic relogging- of hole (B-1-2 )28dcc-l in a breaking strength of 7200 pounds. The >t;",l\"l~t; .. ,5' 

'. Jordan Valley ne:U' Salt Lil.ke City over a resistance of the Amergraph cable was alway~ _ 
period of 2 years s..'Tawea differences in absolute greater than 50 Mn and usually greater than " .~ 
temperature at d :r;y given depth of no more 100 Mn. We have sinCE;) changed to lighter ~L 
than ±O.03°C, i\"!';e!l :?robes of. different nominal more portable cables and are now using Mark ;;. 
resistances 1TIlLae-- ~~y different manufacturers Products WF -TQ-190 W /4 Penalastic-filled i 
were used. We n;-:r.r.i-:ed this accuracy for re- polyurethane cables. Four-conductor cables were j;.. 
peated meam:-emems in every hole not dis- used for all temperature measurements to :.:~ 
turbed by groundwater movement rega.rdless of minimize the effects of lead resistance. ~-.; 
depth, using proDP:; of nominal ice point re­
sistances of 1000, 2G~}J, and 50()O ohms. There 
are disadvantage;; to u5ing platinum; bridge 
calibration and galvanumeter sensitivity are 
more critical because of the lower resolution 
of platinum compared with that of thermistors, 

. and, for the probes that we have been using, 
. the time constants are longer. Repeated mea­

surements in several holes confirm that the 
calibration curve for platinum may shift slightly 
but that it shifts parallel to itself and the shift 
can be determined by noting the change in the 
ice point resistance. The shift is apparently 
related to the amount and the type of mechan­
ical shock received by the probe over the 
years. Over a period of 5 months the resistance 
of the WOO-ohm probe was found to increase 
by about 0.7 ohm, corresponding to an apparent 
temperature increase of about O.2°C. This in­
crease was generally small for any given field 
trip, and no change in ice point resistance was 

DETERMINATION OF THERMAL COXDUCTIVITY ~ 

Of the several methods used to determine f 
the thermal conductivity of rocks [Beck, 1965] ~j . 
the most common is the divided-bar apparatus -
described by Birch [1950]. The apparatus COft­

structed by us was designed after that used in 
the Hoffman Laboratory at Harvard University. 

Rock disks 2.22, 3.0, 3.31, and 3.62 cm in ·' 
diameter were commercially prepared from :,!­
rock samples. The surfaces of the disks were . . ~. 
machined flat and parallel to ±0.OO08 cm, :~' 

diameters being uniform and accurate to ±1%. ;;. 
Copper-constantan thermocouples were inserted \' 
into copper disks to measure the temperature -::q 
differences across fused quartz reference disks ·i· 
and across the rock specimen. Thermal resis- ;. 
tance at the contacts between the disks wa3 .;~. 
reduced by applying a thin layer of vaseline .~; 
to the disk faces and by applying an axial '7 
pressure of at least 100 bars to the stack. In .~ 

COSTAl 

order to ensure axial heat flow an 
r:lcii:11 heat loss, the stack was im 
riibt-fitting machined blocker 
p;lystyrene. A temperature differe 
W'C was applied across the st2 
ments of the emf across each qu 
across the rock specimen were 
Leeds and Northrup K-3 potent 
temperature difference across d 
held constant by 
temperature baths. 

Repeated measurements on 
porosity rock disk were almost 
ducible to within 2%. For 
porous disks it was found that- a 
of vaseline would soak into t 
measurement. After the disk had 
a few times, less vaseline would 
This caused the apparent rock 
increase with successive llltm:;Ul'l~lll 

faces of the di"ks no longer 
When this 'equi!i.briutp.' state wa 
thermal conductivity rarely . 
than 5%, and repeated 
duced to within 2%. In order to 
line from being absorbed by tb 
thin foil of aluminum 0.00254 
bonded to the flat faces of 
with epoxy cement. Curing of t 
completed at room temperature 
350 bars for at least 12 hours; 
suited in a good bond and a SID 

disk face. Vaseline was used as 

were later surfaced as was 
The thermaL conductivity results 
within about 2%. Reprodllct 
ments was also improved by 
copper disks to the quartz ref 
using silver epoxy cement. 

Reproducibility of measuremen 
sarily an indication that the 
is correct. It is difficult to 
accuracy to the measurements. R 
states that 'systematic and ran 
the measurement of a single 
percent.' It seems likely that thi 
also apply to our conductivity 
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ader 10 ensure axial heat flow and to minimize 
,ldi,ll heat loss, the stack was insulated with a 
:;zht-fitting machined block of high-density 
~h·5t\Tene. A temperature differential of about 
IO;C ·was applied across the stack. Measure­
:nents of the emf across each quartz disk and 
laosS t he rock specimen were made with a 

. Leeds and X orthrup K-3 potentiometer. The 
:emperature difference across the stack was 
held constant by thermostatically controlled 
tc?mperature baths. 

Repeated measuremen ts on the saIne low­
oorosity rock disk were almost always repro­
jucible to within 2%. F or some of the more 
:x>rOU5 disks it was found that a small amount 
~i \·a.3eline would soak in to tbe rock durLTlg 
oea5urement. After the disk- had been measured 
l fel\" times, less vaseline WOUld. be absorbed. 
This caused the apparent rock conductiyity to 
! nCreil~e with successive Oe!lst:remt?uts until the 
;3ces of the disks no longer absorbed v:lseIiI!e. 
\\"ben th is 'equilibrium' -, taie was· retched, the 
thermal conductivity rur"ly in::reasea by more 
;han .5~, and repeated rneasurement3 repro-
duced to ,vithin 2%. In ord:e.r to prevent vase­
!ina irom being absorbed by the- Epecimen .. ~ 

~ hin foil of altnninum 0:002.54 em thick \V3.~ 

bonded to the fiat faces (;f some of the dis.ks 
lIith epoxy cement. Curing of the epoxy was 
completed at room temperature .. un~er about 
350 bars for at least 12 hours. This c,,"ring re-
5ulted in a good bond and a smooth mirrorlike 
di~k face. Vaseline was used as a contact sub­
,tance between these aluminum-surfaced disks 
and the copper disks of the stuck. Mea3ure­
ments made in this manner were reproducible 
to about 0.5% . Several disks that had been 
measured without the aluminum foil coating 
were later surfaced as was described above. 
The thermal conductivity results were the same, 
within about 2% . Reproduction of measure­
men ts was also improved by cementing the 
copper disks to the quartz reference disks by 

· using silver epoxy cement. 
Reproducibility of measurement is not neces­

sarily an indication that the measured value 
i3 correct. It is difficult to assign an absolute 
accuracy to the measurements. Roy [1963, p . 7] 

· state; that 'systematic and random errors in 
the measurement of a single disk amount to 5 

· percent.' It seems likely that this value would 
also apply to our conductivity apparatus. 

If temperatures are measured in a water-filled 
drill hole, it is important to saturate the rock 
samples thoroughly before thermal conductivity 
determinations are made [Birch and Clark, 
1940 ; Walsh and Decker, 1966]. This saturation 
was not done for the thermal conductivity mea­
surements previously reported for La Sal, Utah 
[Costain and . Wright, 1968]. Except for hole 
Bin-8-65, however, the temperature measure­
ments were made in water-filled holes [Wright, 
1966, p. 76] . The heat flow values for La Sal 
were therefore too low, and revised values are 
given herein. All rock samples, except as noted, 
were saturated with water while they were ex­
posed to a vacuum of 5 fJ.m. The sauiples were 
measured after soaking for se"eral days. 

Thermal conductivities reported herein were 
measured while the temperature of the sample 
was within 5°C of its in situ temperature. The 
stacks of the divided-bar apparatus were cali­
brated at the in situ temperature by replacing 
the rock samples with GE-101 fused quartz 
disks of the same size. The calibration thus 
i.'1cluded a correction for radial heat loss and 
contact resistance; i .e., the 'stack correction 
factor ' required to make the measured conduc­
tivity equal to the known conductivity of fused 
quartz never exceeded 7% and was usually 
about 3% . The known thermal conductivity K 
of the fused quartz at a temperature of Toe 
was based on [Ratcliffe, 1959] 

K = (3160 + 4.6T - 0 .016T2) 

X 10-3 mcal/cm sec °c 
The thermal conductivities of se\'eral speci­

mens were also measured by using · crystalline 
quartz cut perpendicular to the optic axis. The 
results agreed with the conductivity values · 
obtained by using fused quartz to within leS3 
than 3%. 

RESuLTS 

Bingham, Utah. Hole D-142 at Bingham is 
located on the side of the Bingham Canyon 
copper mine (400 31'N, 112°09'W) at an eleva­
tion of 1963 meters above sea level. Tempera­
tures were measured · to a depth of 1200 meters . 
The temperature profile and gradient are shown 
in Figure 1. Table 1 summarizes straight-line 
least squares gradients in this hole for several 
intervals. 
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l' fg. 1. Temperature profile in hole D-142, Bingham, Utah. 

Since the Bimr!l:-un hoie is not-md.uded in 
TVright [1966J, a f2V-{ details concening the 
terrain correction f\lll be given here. The level 
of the bottom of the op€n-pit mine ii:; u.pproxi­
mately 1810 meters above sen. leveL The hori-

. zontal distance from the hole to the bottom of 
the mine is 1 kID. Ylost of t he peaks wit hin 20 
kIn of the hole have elevations between 2200 
and 2700 meters a.Gove sea level. Nelson Peak, 
2853 meters above sea level and about 9 kIn 
to the north, is the highest peak within a dis­
tance of 20 Jan from the hole. Terrain correc­
tions to the geothermal gradient were calculated 
by using the method described by Birch [1950, 
pp. 582-600J and Wright [1966, pp. 149-178]. 
In order to examine the changes in the 'cor­
rected' gradient for different assumptions about 
the physiographic history, corrections were cal­
culated by assumlng uplifts of from 0 to 4572 
meters, evolution times of from 10 m.y. to in­
finity, and atmospheric temperature gradients 
of from -3°Cjkm to -6°C/km. Table 2 sum­
marizes the results of the effects of different 
physiographic histories. The observed gradient 
for the depth interval 656-936 meters is 18.45° 
± 0.25°C/km. The largest correction to the 
observecl gradient is for short evolution times. 

_=s~ .~,;, 

For an evolution time of 10 m.y. the correction 
to the observed gradient, when no uplift and 
4572 meters of uplift are assumed, is -9 and .. 
-15%, respectively, for an atmospheric gra- -. 
dient of -6°C/km. For an atmospheric gra­
dient of -3°C/km the results are the same 
within about 3%. For longer evolution times · 
the corrections are much smaller. Although the 
physiographic history of the region is not com· · 
pletely known, the effects of uplift and erosion · 
for as..."umptions that probably bracket the cor: ' 
rect physiographic history are shown in Table, 
2. When extreme conditions of 4572 meters of 
uplift and 10 m.y. of evolution time are assumed, 
the corrected gradient is only about 15% less 
than the observed gradient. For an infinite evo­
lution time the corrected steady state gradient . 
is 18.03° ± 0.074°C/km, or about -2% of the ' 
observed gradient. This value has been used 
for the corrected heat flow determinations given 
in Table 1. 

The Bingham mine is centered ~n a small 
composite granite and granite porphyry stock 
that intrudes quartzites of lower Pennsylvanian 
age. Hole D-142 is drilled in quartzite to a· 
depth of about 1036 meters, where it enters 
the stock. Associated dikes of quartz latite 
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TABLE 1. Summary of Gl'adi l!lnt '!i , Condllcti vities .. and Hent Flow 

Locality Geographic Position 
Elovllt iO L\ , 

Ukfter:> 
1:1 '!!j:.th r.ld lt ):lO ~ 

II!'~ ! t I) r ~; 

K, 
mellI/em 
S1 ~~C ~C· 

Grni.llcnt, 
' C/ k~' 

--------------------------_._----.. _.-_ ...... -_ ..... -_._ ... --_ .. _.-........ - .-_ .. __ .. __ ...... _ .......... _ ...... __ .. .... _-_._-_. __ ._----
Bingham, 0-142 

Best value 
Jordan Valley, 

(8-1-2) 2Sdcc-l 
Spor Mountain 

103 
106 
110 
110 
111 
113 
Best value 

(average of five holes) 
La Sal 

HR-1 - 65 

IIR-2-65 
HR-3-65 
HR- 4-65 
Bin-l0-65 
Bin-S-64 

Best value 

40 0 32'N .. 112°09'W 

40047'N, 112'04.3'1'1 

39°4l'N, 113°13'W 

3S014.S'N, 109°17.4'1'1 

l8°14.8'N, l09017.4'W 
3S014.S'N, 109°17.4'1'1 
3S014.S'N, 109°17 .4'W 
3So16.l'N, l09°18.4'W 
3S016 . 3'N, 109°18.4'1'1 

1963 51~i t .(1 nilt) 
656 ttl 9)11 

J.(J'f(; I." ) 116 
l046 to 11~6 

12S5 '10 10 6J 

1451 50 t(l J 3~ 
145 1 W ):0 IS2 
1462 :w t l1 13 1 
1462 12(1 t() 127 
1448 50 to 130 
1457 30 to 118 

2104 90 to 180 

2099 50 to 210 
2102 90 to 160 
2099 100 to 145 
1981 130 to 170 

*Errors are standard errors . Gradients are straight-line least squares gTlldients. 
tSamples of dike rock froD! depths of 676, 6S1, 752, and S53 meters. 
iSamples of dike rock from depths of 676, 752, and S53 meters • 

. . 'Number of temperature measurements or thermal conductivity dctenDinat~ons. 

13.l5 t U.7(; ( 15)1 16. 64 1 0.3 (22)1 
12 . 73 , O.~ U (l 1) 18.45 1 0 . 25 (23) 

9 .. 1>8 ± 1.09 (4)1' 24.77 ± 0 . 36 (12) 
8 .. 18'0.87 (3)1 24.77'10.:\6 ( 12) 

l.0 1 1.0 5B . 72 ~ t.07 (9) 

5. ,17 1 U. ! 4 ( ,0) 5B. 48 1 0.93 (10) 
5 . n i 11. 14 UO) 46.94 i 0 .51 (4) 
5 . 16 t 0 .2 (8) 59. 35 t 0. 70 (J2) 
?26 1 0. 2 (g) 55.l) 1 1,1 (3) 
5.'1'7 i 0.14 (10) 54 . 7010.56 (9) 
5.47 1 0.14 (20) 57.95 1 0.97 (10) 
5.47 1 0 . 14 (20) 55.48 1 0.73 

Mean Chinle 17.19 1 0.19 (lS) 
conducti vi ty 
• S.61 , 0.26 (S) 

14.90 , 0.96 (17) 
17.98 ' 10.23 (15) 
17.64 , 0.33 (10) 

11 . 9 ± 0.14 (4) 
21.90 1 0.32 (5) 
12.13 1 0.79 

(Wingate) 

Uncor rected 

uca l~~m2 S(lC 

2.47 O.lS 
2.35 0.21 
2.25 0.31 
2.03 0.24 

1 . 8 1 0.6 

3.20 1 0.13 
2.57 ± 0.09 
3.12 ± 0.16 
2.89 1 0.17 
2.99 t 0.11 
3.17 , 0.3 
3.0 1 0.3 

1.48 ± 0.06 

1.28 0.13 
1.55 0.07 
1.52 0.07 
1.89 0.15 
1.44 0.12 

Cor rocted q .. 
\1cal/cm2 sec 

2.30 O.lS 

2 _3 ± 0.3 
l.S t 0.6 

3.0 ± 0.3 

1.53 ± 0.07 

1. 5 0.2 
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TABLE 2. Summary of Corrected Geothermal , 
Gradients for Hole D-142, Bingham, for . 
the Depth Interval 6~6 to 936 Meters 

Evolution 
Time, m.y. 

10 

100 

Amount of 
Upli:ft_ Assumed, 

meters 

4572 (4572) 
3043 (4572) 

0 (4572) 

3043 (3048) 
1524 ( 3048) 

0 ( 3048) 

4572 (45 72) 
304 8 ( 4572) 

0 (4572) 

3048 (30.i8 ) 
15"2 4. (304S") 

0 ( 3 0 .. 8 ) 

CorreCted 
Gradient, 

·C/km 

15.73 ± 0.066 
16.09 ± 0.066 
16.80 ± 0.066 

16.73 ± 0.070 
17.10 ± 0.070 
17.48 ± 0.070 

17.25 ± 0.072 
17 . 37 ± 0.071 
17.61 ± 0.071 

17 . 60 ± 0.073 
r'" ~,.. _ f ~ I .:> ± 0.073 
17 . 85 ± 0.073 

The collar eleva~n of t he- hole i s 1963 
meters, a = 6°C/km, the di ffus i vi 'ty .is 0. 02 
cm2 /sec, the ccser-"red gradi en t is 18 . d .3o.C/km, 
and the s~eacy ~at; g=~i~nt ( infini te evolu­
tion time) is 1 ·€L.0 3 . ~ C. 07'+"G/ km . Nu,;tbe rs in 
parentheses denote" cri?i.al ~-l?-:~ . .:at ion o~ uplift­
ed surface. 

porpbYTY' and hLtitB- porph~YTr ~;e-re emplaced 
last , cro28clittlng_ ,in other rocKs [Ja.llU~S et al.} 
1961]. The granit e hoi.:; few relcGp:lf phenocrysts 
and no quartz phenocrysts. Phenocrysts of 
feldspar make up ubout 50% of the granite 
porphyry and average 3.5 mm in length. Quartz 
phenocrysts are rare. The dike.:; of quart z latite 
porphyry contain feldspar phenocrysts, which 
make up about 35% of the rock and average 
2.5 mm in length. Quartz phenocrysts, aver-

. aging 2 rum in diameter, make up 3% of the 
rock. The groundmass of the dikes is aphanitic. 
The latite porphyry contains no quartz pheno­
crysts and except for color is similar to the 
quartz latite porphyry in appearance. Since no 
samples of the stock below 1036 meters were 
available for thermal conductivity determina­
tions, the thermal conductivity of the rock for 
the depth interval 1046-1156 meters was as­
sumed to be approximately equal to that of the 
dikes cut by the hole above 1036 meters. The 
locations of the dikes in the hole were well 
defined by a gamma ray log run in hole D-142 
to a depth of 841 meters by using a Well Recon­
naissance Geo-Logger model 8036. The hole was 
blocked to this logging tool at 841 meters . The 

log was essentially featurele.ss throughout the ·~ 
quartzites, but excellent response was obtained ~-' 

for dikes at depth intervals of 671-686 and ,~ 
747-754 meters. At about 1036 meters the c;", 
hole penetrated the main Bingham porphyry _i 
stock, within which the gradient is 24.77° ± i 
0.36°C/km. Samples of dike rock for thermaL~ 
conductivity determinations ~ve[eprepared from .it 
core taken from depths of 676, 681, 752, and ·.1-
854 meters. The mean thermal conductivity and~ 
the standard error as determined · from four~ 
. ~ 

saturated cylinders under a pressure of 100 bal'3cit; 
were 9.08 ± 0.95 mcal/cm sec °C. The resulting':3i 
heat flow within the stock is 2.25 /Lcal/cm' sec,}': 
there being a probable error of about 15%~ 
because of the assumption that the dike rock~ 
has appro:-.imately the same thermal conduc-~ 
tivity as the main Bingham porphyry stock. In«i 
the depth interval 656-936 meters the mean oL~. 
seven thermal · conductivity determinations of i­
the quartzite and four samples of dike rock is _# 

12.73 ± 0.98 mcal/cm sec °C. Combined with ·:~ 
an obsen'ed gradient of 18.45° ± 0.25°C/ km in § 
the quartzites, this value gives a heat flow of .\, 

2.35 pc:al/cm' sec, in good agreement with the ~ ~ 
deeper interval. The mean thermal conducti,ity :- ~ 
of the quartzites only was 14.77 ± 0.32 
mcal/cr:l sec °C. The thermal conciucti"ity 
determinations from hole ,D-142 are as follows-
(depths are iri:'meters, and thermal conductivi­
ties are in millicalories per square centimeter -
second degree Celsius): ... 

Depth 

587.7 
629.7 
630.6 
646.2 
675 .8 
680 .6 
696.2 
752 .. 0 
767 .8 
790.7 
799.2 
82.5.7 
844 .9 
853.2 
884.8 

Thermal Conductivity 

12.99 
14.96 
15.29 
1.').52 
8 .30* 

11. 79* 
15.39 
6 .61* 

15 .31 
14 .62 
15 .60 
14 .99 
12.46 
9 .62* 

15 .35 

(The values \yith . asterisks are for a porph:FY c;r 
dike. All disks are 2.22 cm in diameter and 2.540 -'.~, 
em thick.) " 

Our heat flow values at Bingham are some- -:0, . 

what higher than those determined by Roy ~· 

._, a!. [1968, p. 5219], who repo 

." . Binaham of 1.5 and 1.9 
:·~\\W \~alue of 1.5 /Lcal/cm' 
: ~t.t e rroined in the main . 
lhe average thermal conducti 
:-.19 ± 0.28 meal/cm sec °C. 
llC:1 l,'cm' sec was apparently 
~iU:utzites, .since the mean 
11..5 mcal/cm sec °C. Our 
:He about 29 and 26% higher 
presumably would corre5pond t 
:lI1d the stock, respectiwly; 
:lbol.lt 9 and 27% higher in 
the stock, respectively . . 
large differenCe;! in thermal 
tween the porphyry and the 
lion is probably an important 
ierences observed. 

lYe feel the best heat flow 
D-142 is 2.3 ± 0.3 p.eal/cm' 
three lowest conductivity 
rock cut by hole D-l4Z are 
as~umed conductivity of the 
S.lS ± 0.87 meal/em sec °C, 
the stock would be 2.0 p.cal/ 
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' : 2 '1968, p. 5219], who reported two values 
,: iL ';zham of 1.5 and 1.9 ,v.cal/cm' sec. The 
",:. ~ '. ;l lue of 1.5 J-I-cal/em' sec was apparently 

~ . : ., ~::~ ned in the main Bingham stocK, since 
"'." .: ·:-:- r:l ge thermal conducti,ity reported was 
~ i" == 0.28 meal/ em sec °C. The value of 1.9 
.. :J! .:·n/ sec was apparently determined in the 
.. :.·, ~: : :: es , since the mean conductivity was 
: : .J ::" ' J.ljcm sec °C. Our mean conductivities 
, :>: :,c·:,'Jt 29 and 26% higher for rocks, which 
: :t~-~ :':: --, G!)' would ccrr~pond to the quartzites 
-,-~ rj : ~. -:- stock, respecti·.-ely ; our gradients are 
"t'j"j : 9 and 27% higher. in t he quartzites and 
.:<? o" z ;';: , respect ively. Undoubtedly, with the 
_i r-;~ ·iifi'erences in tnermal conductivity be­
'''27c: :he porph:vTY .:m d the qU!l.rt zites, refrac­
' : .j f, :0 probably an ITrrporrant factor in the dif­
":;"'- :' .' observed . 

\r :- :-:-el the best tt':.lt nm", , alue from hole 
). ~ ~ :: !3 2.3 ± 0.3 .u.~al /cm:: sec . If only our 
.: ::--:- :.jwest conducti1.-i ~y n.lues for t he· dike 

" j , by hole D-l42 are considered . the 
'-'0;':':':>0:1 conductr.,:!;,· of the stock would be 
~ .i ~ = 0.S7 meal / LTD jeC 0(';, and the 110.:(" in 
':;0 ,:::.!-: would bC' ::: .o ,'-Leal/ em" sec, still within 

C 
.:/ 

(] 6 .<10 ~ 

.0 /113 

0 

0 

our assumed uncertainty, and the lower con­
ductivity value is in better agreement with that 
of Roy et ai. [1968, p. 5219]. We prefer the 
higher value of 2.3 ± 0.3 ,u.cal/cm' sec, since it 
is compatible with flux values obtained above 
and below the boundary of the main Bingham 
stock as penetrated by hole I)-142 . 

Jordan Valley. The temperature profile in 
drill hole (B-1-2)28dcc-1 in Jordan Valley 
(40047.O'N, 112°04.3'W) Dear Salt Lake City, 
Utah, is shown in Figure 2. This hole was drilled 
into interbedded sandy and muddy layers of the 
relatively . unconsolidated Lake Bon'neville de­
posits. Because of poor recovery of the uncon­
solidated deposits, no material was available 
for laboratory measurements of thermal conduc­
tivity. No topographic correction to the gra­
dient was necessary. 

The high gradient of 58.7°C/km (Figure 2) 
is believed to be due to the low thermal con­
ductivity of the unconsolidated Lake Bonneville 
deposits. According to Langseth [1965, p. 70], 
published conductivity values for ' oceanic sedi­
ments are generally within 25% of 2.0 mcal/em 
sec °C. This value could presumably be used 
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as a lower bound for the thermal conductivity 
of the material in Jordan Valley. The conduc­
tivity of the Bonneville sediments is probably 
higher than 2.0 mcal/cm sec °C because (1) 
the Bonneville sediments contain more quartz 
(in the sandy layers) than deep oceanic sedi­
ments and (2) the porosity of a sand is gen­
erally less than the porosity of a typical oceanic 
lutite, which may contain 75% water i therefore 
a sand contains more solid material' per unit 
volume than a lutite. IVlany well-consolidated 
shales and sandy shales have thermal conduc­
tivities of about 4.0 meal/em sec °C and lower 
[Birch, 1954; Joyner, 1960]. We may use this 
value as an upper limit. The sediments pene­
trated by the hole then probably have a thermal 
conducth·ity gre-ater than 2.0 meal/em sec °C . 
and less than 4.0 meal/em sec °C. If a thermal 
conductivity of 3.D meal/em sec 0(:; is used, the 
regional heat flow in .Jordan Valley would be 
about 1.8 ± 0.6 11.eal/em' sec. 

and Range province. Temperatures were mea­
sured in five drill holes in the Topaz Mountain 
tuff. Four of these holes were within 460 meters 
of each other and had an average gradient of 
58°C/km. The fifth hole (hole 106), located 
600 meters to the north; was found to have a 
lower gradient of 46.9°C/km. Figure 2 shows 
the temperature profiles for all holes. 

Table 3 lists the results of thermal conduc­
tivity determinations from the Spor Mountain 
area. Disks were cut from nine specimens. All 
of the rock specimens are representative of the 
Topaz Mountain rhyolite. The mean thermal 
conductivity and the standard error of 20 rhyo­
lite specimens were 5.47 ±: 0.14 mcal/cm sec 
°C. The mean geothermal gradient of all 
holes was 55.5° ± 3.7°C/km. This value gives 
an average heat flow of 3.0 ± 0.3 ,ueal/em' sec. 
The gradient over the depth interval 120-121 
meters in hole 110 was 55.0° ± LO°C/km. The 
mean conductivity and the standard error of 
eight samples over this interval in hole 110 were 
5.26 ± 0.2 meal/em sec °C. The product incli-

Spor iVlountatn. Spor :;\Iountain is in the 
centra! part of 3eab c,J1mty, Gc:lh .. in the Basin 

TABLE 3. Ther.nal Co-r.duct:ivity Measurements from the Spor Mountain Area 

Disk 
No,. 

105H66 

llSH66-1 
115H66-2 
l1SM66-3 

13510166 

14SM66-1 
l4SM66-2 
14SM66-3 

15510166-1 
155M66-2 

16SM66-1 
165M66-2 

175M66-1 
i75M66-2 

1B5M66-1 
1BSM66-2 
lBSM66-3 

19SM66-l 
i9,5M66-2 
195M66-3 

ThiC:~"1ess ; 
em 

1.27 

1 .. 27 
1.91 
2.54 

1.91 

1.27 
1.91 
2.54 

1.27 
1.91 

1.27 
2.54 

1.27 
1.91 

1.27 
2.54 
3.Bl 

1.27 
2.54 
3.Bl 

Condueti vi ty, 
meal/em sec ·C 

5.51 

5.36 
5.50 
5.52 

3.7B 

5.49 
5.46 
5.43 

6.21 
6.25 

6.43 
6.63 

5.46 
5.66 

4.63 
4.64 
4.73 

5.47 
5.63 
5.63 

All values were determined from shelf-dried specimens. 

Location 

hole 110 (123 meters) 

hole 110 (123 meters) 

hole 110 (125 meters) 

hole 110 (127 meters) 

hole III (below 130 meters) 

hole 111 (below 130 meters) 

hole 111 (below 130 meters) 

surface 

surface 
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cates a flux of 2.9 ± 0.2 ,ucaVcm' sec. No 
rerr:lin corrections were necessary. The varia­
tion in the geothermal gradient between hole 
106 (46.9°C/km) and the four holes to the 
south (average value, 57.6°C/km) might be 
due to near-surface groundwater circulation or 
more probably to lateral variation in the ther­
mal conductivity of the rhyolite. No core was 
anlilable from hole 106. All thermal conduc­
tidty nlues were determined on unsaturated 
specimens in a shelf-d:-ied: state, since the holes 
were all dry when they were logged. . 

The heat flow in the Spor Mountain area is 
taken to be :3.0 ± 0.3 Fcal/cm' &;c. The uncer­
tainty of 10% is assigned pr.marily because not 
[J! OT the conductivEY determhatioDS were 
m:;de on core from the hoies. 

La Sal. ~rost of u'le gr:ldients ,vere deter­
mined in holes drilled meG the Chinle formation, 
which is composed of ihlyial mudstones and 
sand~tone5 ,,~th irrE-~uiri.r eonglomeratic bf?d.s 
th::.~ probably repre::,pnt 2neipnt. streu(u chill1-
n~I.3. One hole (Bin-.~)~ ~ \V.:.lS drilled entirely 
in 7h~~ Wingate sands {Jne: which over.ijes the­
Chinle. Temperatures were meaEUred in four 

. .~ 
o 

100 (-30 

km northwest of the HR group in the Big 
Indian mining district [Wright, 1966]. The tem­
perature profiles are shown in Figure 3. The 
average straight-line least squares gradient in 
the HR holes is 17.7° ± 0.26°C/km. The gra­
dient typically passes several times through 
maximum and minimum values of about 22° 
and 14°C/km [Wright, 1966, pp. 79-86]. The 
l4°C/km gradient is measured in the more 
sandy layers of the Chinle, whereas· the 
22°C/km is representative of the shalybeds. 
By means of data from below 120 meters in 
hole Bin-1O-65, the straight-line least squares 
gradient is 21.9° ± O.32°C/km. 

The holes at La Sal were surrounded by 
rather rugged topography, and a correction 
for topographic evolution was determined. The 
atmospheric temperature gradient assumed for 
the correction was -5.7°C/km. According to 
Eardley [1962, p. 424] the central part of the 
Colorado Plateau was uplifted 1829-2438 meters, 
probably beginning in Pliocene time. For an 
uplift of 1829 meters, 335 meters of erosion, and 
an evolution time of 15 m.y. (conditions that 
Eardley considers most representative) the 
corrected gradient in HR-1-65 is 17.79° ± 
O.:20°C/km, or 3.5% greater than the observed 
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gradient. For an infinite evolution time the Chinle formation is about 50% sandstone and" 
corrected gradient is 18.38° ± O.20°Cjkm, or about .50% mudstone [Wright, 196o, pp. 92-~ 
about 7% greater than the observed gradient 94]. '\Ye previously reported heat flow values'> 
in HR-1-65. For Eardley's assumptions about at La Sal based on measurements of samples '. 
the physiographic history the correction to the in a shelf-dried condition. Nine of the ChinIe.;i, 
gradien t is small. samples have since been remeasured after being~ 

No core was available for the La Sal holes, vacuum-saturated with distilled water. The dif ~-
and therm.'11 conductivity was determined from ference between the dry and the saturated con"'~ 
samples prepared from bulk rock specimens. ductivities is sho\vn in Table 4. ~ 
All specimens were collected within 2 Ian of The mean value and the standard error of~ 
the HE holes and within less than 6 Ian of the thermal conductivity of eight saturated~ 
the Bin holes. The lithology typical of the specimens of the Chinle formation are 8.61 _ ~ 

TABLE 4. Themal Conductivity Measurements from L~ Sal, Utah -~-~I 
--------------------~------------------------------------~~~ 

Sa.'llple Thicbess , 
No. cm 

4H66-1 1 . 27 
4H66- 2 2.:;4-

6H66- 1 1.27 
6H66-2 2.54 
6H66- 3 1 . 27 
6H66-4 2_54. 

8H56 :!-. 54 

9H66 2 • .54 

lL66-1 1.27 
lL66-2 2.54 

2L66 2.54 

5L66 2.54 

6L66 2.54 

7L66 2.54 

9L66-1 1.27 
9L66-2 2.54 
llL66-l 1.27 
llL66-2 2,54 

lSJ66-l 1.27 
lSJ66-2 2.54 

Thermal Conductivity, 
mcal/cm sec ·C 

Dry 

6.88 
7.16 

7.40 
7.68 
7.28 
7.08 

8.37 

5.45 

7.05 
7.50 

7.98 

6.09 

7.98 

6.42 

5.42 
6.00 

11.50 
12.19 

11.67 
12.10 

Saturated 

8.75 

9.14 

9.24 

9.32 

7.08 

9.08 

7.86 

8.38 

13.94 

~ 

:;~ 
Remarks, Location 

From lower 75 feet of 
Chinle formation, 
Alice-inclined shaft; 
sandy mudstone, ±20% 
quartz. 

From lower 75 feet of 
Chinle formation, 
Alice-inclined shaft; 
muddy sandstone, ±50% 
quartz. 

FJ:om lower 75 feet of 
Chinle formation, 
Alice-inclined shaft; 
sandstone, ±80% quartz. 

From lower 75 feet of 
Chinle formation, 
Alice-inclined shaft; 
mudstone, 10% quartz. 

Samples lL66 to 9L66 
are Chinle from 
surface exposures on 
the Wingate-Chinle cliff 
and talus slope just 
east of La Sal 

-triangulation station 
(38°l4'19.9"N, 
l09°16'20.7"W); muddy 
sandstone, -±80% quartz. 

Chinle; sandstone, ±80% 
quartz. 

Chinle; muddy sandstone, 
±70% quartz. 

Chinle; muddy sandstone, 
±70% quartz. 

Chinle; muddy sandstone, 
±70% quartz. 

Chinle; sandy mudstone, 
±40% quartz. 

Wingate; from Wingate­
Chinle cliff; see lL66; 
±9s% quartz. 

Wingate; from Wingate­
Chinle cliff; see lL66; 
±95% quartz. 

1)_:2'; meal/cm "ec °C. 
in. -re;15e of about 20 ~ 
I!!l~:l tllrated mean va 
~:ltnple of the Wing,; 
_~,,: nration; Ull"aturate 
lH,,1 for the 'Yinga 
,,-!lieh was entirely iI1l 
dr~' [Wright, 196o, p.1 

il'lctiYity 
rock'l as well as on 
:,rone, is 1.5 ± 0.2 
i :linty placed on the 
:\ result of the uneert 
of the Wingate and C 

Decker [1969] 
nJues in Colorado a 
of these value". 1.22 
Xe\\' i\Jexico, near th 
-oouthern Rocky- ~I 
II_cal/em" sec. Sass e 
large number of additi 
:\Iountain and Colora 
of tllf'ir 'category l' 
Plateau were 1.5 
the Colorado Plateau 
they obtained a yalue 
the Basin and Range p 
ga \'e a number of new 
the Colorado Pbteall. 
than 1.5 t-tcal/cm' sec, 
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1;26 meal/em sec °C. This value represents an 
:n"P':loe of about 20% o,'er the corresponding 
':!1,.,tQrated mean value of 7.15 ± 0.29. One 
':lrnp!(' of the Wingate was rerneasured after 
,.," ,,':It ion ; unsaturated conductivity values were 
·:-t',[ for the Wingate, since hole Bin-8-64, 
whi,·h was entirely in the Wingate, was logged 
.;f\' [Wright, 1966, p. 77J. 

The average geothermal gradient in the 
Chinle formation in the HR-f35 holes was 
17.~c ± 0.2°C/bn. The mean thermal conduc­
:i\'in' I)f the saturated samples of Chinle was 
~.iH meal/em see °C. The product indicates a 
:in:-: of 1.5 p.cal/cm2 see. Hole Bin-8-64 was dry 
',dlfll it was logged. The temperature gradient 
in thi' 'Wingate &111dstonc in thi:3 hole was 12.10 
= 0.';;° C/km , mid. thp me:m UIl:3;ltnrated 'Vin­
£::IT,' condueti"itT of ['Ill, 8umph>s W{,S 11.9 ± 
Ill.! meal/cm sec "C, giying a heat flow of 
L-!.! - 0.11 ,ucal/crr{ .seC'. 

P,9\'ious]y repOrTed [Costain and IVright, 
196';;] "alnes for La S:J w"re gi',en as 1.2 ± 
I),:; !!.c:11/em!! :-e::. b:-L:.ea f'!1~ on the!"!TIal con­
Ij;t('\:\*il~" meR.SllreII!.:=>nJ::; of :Hlsatuf:1tea rocks. 
Th,' re\'i"ed vainE' for La SaL ha"f'd on con­
dT!c'i"ity measuremen,s on ED.turated Chinle 

':,-::; ~L-= \1:ell ~t~~ Oil uTI::uturatpd \\.---;~S:::lre sand-
<"f'.-~. i~ 1.5 ± O.~ p,eal/-'("Hl:! sec. The nneer-

placed on the reyised Y:llue lS primarily 
:, r~"lIr of the U!H'erTuinty of tnr cond1!ctivity 
of '::" "'ingate and Chinie roeKs, since measure­
mr-nr...; were not made on core ;<amples from 
hole- in which the gradients were determined. 

DrSC'CSSION 

Decker [1969] presented nine new heat flow 
"alues in Colorado and New IHexico. Only one 
of The~e values, 1.22 ftcal/cm" sec at Cerrillos, 
Xe\\' :\Iexico, near the southern border of the 
som hern Rocky ;\Iountains, fell below 1.6 
,u.cal'cm' sec. Sass et at. [1971J presented a 
large number of additional values for the Rocky 
~Iountain and Colorado Plateau provinces. All 
of their 'category l' values for the Colorado 
Plateau were 1.5 /-tcal/cm" sec or above, North of 
the Colorado Plateau province, at Green River, 
thc·y obtained a value of 1.6 ftcal/cm" sec. In 
the Basin and Range province, Sass et al. [1971] 
ga\'e a number of new values south and west of 
the Colorado Plateau. Only five values are less 
than 1.5 p.cal/cm· sec, and these sites are close 

to other sites «20 km) where the heat flow 
is greater than 1..5 ,.tcal/cm" sec, It would appear 
that the low heat flo'\\' values in Arizona south­
west and south of the Colorado Plateau (5 out 
of 25 determinations) may not be representa­
tive of the regional heat flux and could be the 
result of either refraction or shallow ground­
water circulation. 

The revised value given in this paper for 
La Sal, Utah, on the Colorado Plateau is 1.5 
p.cal/cm" sec. This value is in close agreement 
with values found for the northern part of the 
Colorado Plateau by Sass et ai. [1971], although 
it is considerably higher than Spicer's [1964] 
value of 1.2 p.caljcm· sec. On the basis of much 
of the heat flow now available, there appears 
to be less evidence to delineate the Colorado 
Plateau as a separate heat. flow province with 
abnormally low heat flow. 

The extensi\'e recent tectonic activity in the 
Basin and Range province is reflected by the 
high surface heat flow. Depending on the up­
ward penetration of fault zones, heat flo",­
anomalies might be expected to (1) follow 
superimposed trends associated with block 
faulting and (2) fall off rapidly away from 
thE fault zone if the source is shallow, No linear 
tre1ds in heat flow are apparent from the data 
av2ilable to date; however, the density of heat 
flow determinations is not sufficient to rule out 
the possibility of linear heat flow patterns asso­
ciated with major trends in block faulting, Fig­
ure 4 shows all of the published heat flo\\' "alues 
in Utah to date, A higher density of heat flow 
determinations might show the anomalies to be 
closely associated with linear seismic zones, such 
as the Wasatch line in Utah. The heat flow at 
Bingham, Utah, wry close to the 'Wasatch line, 
is about 2.3 ilcal/cm" sec. Heat flo,,' profiles 
and mieroseismieity studies near acti\'e fault 
zones could establish such a correlation. 

The Cordilleran thermal anomaly zone 
(CTAZ) of Blackwell [1969] may include the 
Colorado Plateau province. Decker [1969] and 
Sass et at, [1971J obtained high heat flow values 
(:>2.0 f.tealjem" sec) near the eastern boundary 
of the plateau. The apparent o,'erall lligher heat 
flow in the Basin and Range prO\'ince, about 
2.0 /-teal/em' sec, suggests a higher density of 
fracture zones with deeper penetration into the 
mantle than that to the east in the Colorado 
Plateau province. 
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A paleomagnetic survey has 
tn the Azores. At. least six . 
The corrected dispersion of 
confidence limits of 16.3 
behavior in the same lil,llUlU";:)! 

from two to seven separate 
different. Thus an equaIIy 
the samples collected. Analysis 
other factors involved in the 
cores per separate body 
single departure of the 
dipole during the Brunhes 

Paleomagnetic surveys of 
basalts hayc facilitated defining 
secular variation for the past 0.7 
'tion of such data over .n range 
also he used to test convention:! 
field models, aU of which invoh'e 
contributions of the main 
nondipole components to the total· 

In model A, vectors of 
but coustant amplitude (to si 
activity) are added to a 
[Irving ancllVarcl, 1964]. In mo 
magnetic field variation is 
to wobble of the main dipole 
1959]. Model C, largely 
analyses of Co.l: [1962] and 
hines dipole wobble and a 
nondipole component. For 
total secular variation can be 
equation 

Sp = (SD
2 + S./) 

1 

where SD is the maximum dipole I 
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