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TEMPERATURE MEASUREMENTS

For the holes at Spor Mountain, Jordan
Valley, and La Sal we used a platinum resistance
thermometer, model 134HH, manufactured by
Rosemount Engineering Company, with a nomi-
nal ice point resistance of 1000 ohms. A change
m temperature of 0.01°C corresponds, for a
1000-ohm element, to a change in resistance of
approximately 0.036 ohm. Any system used to
Measure resistance must be able to detect a
change in resistance of this magnitude in order
1o resolve temperature changes as small as and
smaller than 0.01°C. To measure temperature
10 an accuracy of *=0.01°C at, say, 50°C would
Tequire measuring the resistance of a probe
whose nominal ice point resistance is 1000 ohms
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Geothermal gradients were obtained in drill holes in Utah at Spor Mountain, Enterprise,
La Sal, Monticelis, Bingham, ard Jordan Valley. A heat flow of 3.0
untain {39°43’N, 113°13W). The flux at Jordan Valley (40°47.0’N,
ma‘ed fo be 18 =% 0.6 pcal/em® sec. The revised heat flow at La Sal
2% on the Calorado Plateau is 1.5 # 02 ucal/em?® sec. The heat flow
zt Bingham (40°3227, 112°09'W) is 2.3 = 0.3 pcal/cm?® sec. On the basis of .much of the heat
i= for the Lo;ox:uo Plateau, including our revised values at La Sal,
justifieation for defining the Colorado Plateau as a separate heat

=+ 0.3 weal/cm® sec was

to an accuracy of 1197.38 == 0.036 ohms, or to
about 0.0039%. The individual resistance bridge
decades can be calibrated to this accuracy;
however, because of the limited resistance range
that will be encountered in the field by using
a 1000-ohm platinum probe, about 390 ohms
for the temperature range 0°-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 - Bmvham we -used a comparison
bridge, model DBR-1, manufactured by the
RdF Corporation, Hudson, New Hampshire.
This bridge balances out imost 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
bridge balance was achieved by using the Rubi-
con decade resistances in the bridge. We believe
the accuracy of our temperature measurements

" with the 1000-ohm probe to be =0.05°C and

the precision to be %0.01°C. The hole at Bing-
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ham was logged by using a 5000-ohm platinum
resistance probe with a precision of about
-=#0,002°C. . .

A different apparatus was used at the Bing-
ham hole, and we are now using a Honeywell
1551-FE Mueller bridge in conjunction with
Julie Research Laboratories and Electroscien-
tific Industries SR-1 standard resistors, which
are accurate to =0.001%. A Honeywell 3972 dc
microvolt null deiector is used to balance the
bridge. The Mueller bridge also provides for
balancing out most of the resistance of the
probe with an external primary standard re-
sistance. As is true with the comparison bridge,
final balance is achieved by using decades built

- into the bridge. :

Most temperature measurements for terres-
trial heat flow determinations are made by using
thermistors, and here the suitability of plati-
num for temperatnrs measurements in deep
holes is discussed. 7= have consistently cbtained
excellent results using platinum. For example,
periodic relogging hele {B-1-2)28dec-1 in

“Jordan Valley near Sait ILake City aver a
period of 2 vears : i rences in absolute
temperature at ax 2 depth of no more
than ==0.03°C, hes of different nominal
resistances m: different manufacturers
were used. We wed this aceuracy for re-
peated measus in every hole noi dis-
turbed by groun r movement regardiess of
depth, using probes of nominal ice point Te-
sistances of 1000, 2533, and 5000 chms. There
are disadvantages to using platinum; bridge
calibration and galvancmeter sensitivity are
more critical becauss of the lower resslution
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 1000-ohm probe was found to increase
by about 0.7 ohm, corresponding to an apparent
temperature increase of about 0.2°C. This in-
crease was generally small for any given field
trip, and no change in ice point resistance was
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noted between field trips [Wright, 1966, pp
130-131]. For short intervals in a drill hol
the better resolution of thermistors is a definite «
advantage. Our original reason for using plati- -
num was the better stability of platinum over
thermistors; however, thermistor probes with =
excellent stability, such as the Fenwal oceano—fg-
graphic-type probes, are now available, and we &
have essentially shifted to thermistors for fiel
measurements, making occasional checks b
using a platinum probe. We have compared§
gradients obtained with a 5000-ohm platinum
element with those obtained with a Fenwa

oceanographic probe of about 11,000-ohm iceg :

point resistance and about 4800 ohms at

20°C. The difference in the gradients ovel_':'g ;
intervals of about 100 meters was less than 2%.7= §

For the holes at Spor Mountain, Jordan:
Valley, and La Sal we used U.S. Steel Corpora
tion 4-H-1 four-conductor double-armored
Amergraph cable, which is a heavy cable with
a resistance of about 15 ohms/1000 feet and
a breaking strength of 7200 pounds. The leakage
resistance of the Amergraph cable was always

greater than 50 MQ and usually greater than . K

100 MQ. We have since changed to lighter -

more portable cables and are now using Mark -

Products WF-TQ-190 W/4 Penalastic-filled «

polyurethane cables. Four-conductor cables were =
used for all temperature measurements to -

minimize the effects of lead resistance.

DETERMINATION OF THERMAL CONDUCTIVITY

Of the several methods used to determine
the thermal conductivity of rocks [Beck, 1965]
the most common is the divided-bar apparatus -
described by Birch [1950]. The apparatus con-
structed by us was designed after that used in
the Hoffman Laboratory at Harvard University.

Rock disks 222, 3.0, 3.31, and 3.62 c¢m in-* {

diameter were commercially prepared from =
rock samples. The surfaces of the disks were =
machined flat and parallel to =+=0.0008 cm, ~
diameters being uniform and accurate to =1%. -
Copper-constantan thermocouples were inserted -
into copper disks to measure the temperature =-
differences across fused quartz reference disks
and across the rock specimen. Thermal resis- -
tance at the contacts between the disks was -

10

reduced by applying a thin layer of vaseline -
to the disk faces and by applying an axial -~ |

pressure of at least 100 bars to the stack. In

v
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wder to ensure axial heat flow and to minimize

~dial heat loss, the stack was insulated with a
j ..zht-fitting machined block of high-density

~olystyTene. A temperature differential of about
10=C was applied across the stack. Measure-
nents of the emf across each quartz disk and
yeross the rock specimen were made with a
-leeds and Northrup K-3 potentiometer. The
emperature difference across the stack was
held constant by thermostatically controlled
remperature baths,

Repeated measurements on the same low-
porosity rock disk were almost always repro-
ducible to within 29. For some of the more
sorous disks it was found that a small amount
of vaseline would soak inte the rock during
measurement. After the disk kad besn measured

% 3 few times, less vaseline would be whsorbed.
= This caused the apparent rock conductivity to
merease with successive messurements until the

‘aces of the disks no longe absorbed nasehn
_When this ‘equilibrium’ stat
thermal conductivity rarziy
than 53¢, and repeated mes
‘ duLea to within 29. In order o pr
- line from being absorb the 2
thin foil of aluminum G4 thick was
bonded to the flat faces of some of the disks
_with epoxy cement. Curing of the epoxy was
completed at room temperature.under about
350 bars for at least 12 hours. This curing re-
sulted in a good bond and a smooth mirrorlike
disk face. Vaseline was used 2s a contact sub-
stance between these aluminum-surfaced disks

¢ and the copper disks of the stack. Measure-
¢ 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-
ments was also improved by cementing the
copper disks to the quartz reference disks by
_using silver epoxy cement.

Reproducibility of measurement is not neces-
warily an indication that the measured value
3 correct. It is difficult to assign an absolute
aceuracy to the measurements. Roy [1963, p. 7]
states that ‘systematic and random errors in
the measurement of a single disk amount to 5

“ Percent.” It seems likely that this value would
ﬂl§0 apply to our conductivity apparatus.

rent vase-
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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 pm. The samples were
measured after soaking for several 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-
hrated at the in situ temperature by replacing
the rock samples with GE-101 fused quartz
disks of the same size. The calibration thus
neluded a correction for radial heat loss and
contact resistance; ie., 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 7°C
was based on [Ratcliffe, 1959]

Hear Frow ixn Uran

= (3160 + 4.6T — 0.0167%)
X 107° meal/em sec °C

The thermal conductivities of several 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 less
than 3%.

REsuvLTs

Bingham, Utah. Hole D-142 at Bingham is
located on the side of the Bingham Canyon
copper mine (40°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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Fir. 1. Temperature profile in hole D-142, Bingham, Utah.

hole is not included in
w detalls coneerning the
i The level

ren hers.

mately 1810 merers above sea level. The hori-

. zontal distance from the hole to the boitom of

the mine is 1 km. Xost of the peaks within 20
km of the hole have elevaiions between 2200
and 2700 meters above sea level. Nelson Peak,
2853 meters above sea level and about 9 km
to the north, is the highest peak within a dis-

. tance of 20 km from the hole, Terrain correc-

tions to the geothermal gradient were calculated
by using the method described by Birch [1950,
pp. 582-600] 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 assuming uplifts of from 0 to 4572
meters, evolution times of from 10 m.y. to in-
finity, and atmospheric temperature gradients
of from —3°C/km 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

observed gradient is for short evolution times.

o~

For an evolution time of 10 m.y. the correctio_n"
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 assumptions 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 159 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 —29% of the

observed gradient. This value has been used
for the corrected heat flow determinations given
in Table 1. '

The Bingham mine is centered on a small
composite granite and granité 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

7
7.!!;:;2 4

TABLE 1, Summawy of Gradients, Conductivities, and Heat Flow

9
sec

Corrected
pcal/cm?

Uncorrected
q,
ucal/cm? sec

mcal/cm Gradient
°C/km*

sec °C*

Depth Range,
moters

Elevation, -
moters

Geographic Position

Locality

CosTarl

2,30 ¢ 0,18

576 to 886
656 to 936
1046 to 1156

1963

40932'N, 112°09'W

Bingham, D-142
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TABLE 1. Summary of Gradients, Conductivities, and Heat Flow -
Ky Uncorrected
Elovation, Bapth Range, wen b en Gradtent, q, Corrected q,
Locality Geographic Position waters et gue G0 °C/kin” ucal/en? sec pcal/cm? sec
Bingham, D-142 40°32'N, 112°09'W 1963 576 to BAL 13,05 ¢ 0,76 (15)7 18.64 + 0.3 (22)7 2,47 = 0.18
456 to 930 12,73 ¢ 0,98 (31) 18.45 % 0.25 (23) 2.35 * 0.21 2,30 + 0,18
L4 to 1156 9.08 & 1,09 (41 24,77 + 0.36 (12) 2,25 ¢ 0.31
LOd6 o 1156 8.18 1 0.87 (3)9 24,77 * 0,36 (12) 2,03 ¢ 0.24
Best value 2,3 £ 0.3
Jordan Valley, 40°47'N, 112°Q4,3'W 1285 20 to 63 3.0 ¢ 1.0 S8.72 % 1.07 (9) 1.8 + 0.6 1.8 + 0.6
(B-1-2)28dcc-1
Spor Mountain
103 1451 S0 to 138 5.47 ¢ 0.14 (20) 58,48 % 0,93 (10) 3.20 £ 0.13
106 1451 30 to 152 5.47 £ 0,14 (20) 46,94 ¢ 0.51 (4) 2,57 + 0.09
110 39°43'N, 113°13'W 1462 30 to 131 5.26 ¢ 0,2 (3) §9,35 £ 0,70 (12) 3.12  0.16
110 1462 120 to 127 5.26 £ 0,2 (8) 55,0 % 1,1 (3) 2.89 £ 0.17
111 1448 50 to 130 S.47 + 0.14 (20) 54,70 + 0.56 (9) 2,99  0.11
113 1457 30 to 118 5.47 £ 0.14 (20) 57.95 ¢ 0.97 (10) 3.17 £ 0.3
Best value 5.47 £ 0.14 (20) 55.48 = 0.73 3.0 £ 0.3 3.0 £ 0.3
(average of five holes)
La Sal
HR-1-65 38°14,8'N, 109°17.4'W 2104 90 to 180 Mean Chinle 17.19 % 0,19 (18) 1,48 + 0.06 1.53 = 0.07
conductivity
= 8.61 * 0.26 (8)
HR-2-65 38°14.8'N, 109°17.4'W 2099 50 to 210 14,90 £ 0.96 (17) 1,28 £ 0.13
HR-3-65 38°14,.8'N, 109°17.4'W 2102 90 to 160 17.98'+ 0,23 (15) 1,55 + 0,07
HR-4-65 38°14.8'N, 109°17.4'W 2099 100 to 145 17.64 * 0.33 (10) 1.52 = 0,07
Bin-10-65 38°16.3'N, 109°18.4'W 1981 130 to 170 . 21.90 * 0.32 (5) 1.89 + 0.15
Bin-8-64 38°16.3'N, 109°18.4'W 11.9 * 0.14 (4) 12,13 £ 0.79 44 + 0,12
(Wingate)
Best value ’ 1.5 ¢ 0.2

*Errors are standard errors. Gradients are straight-line least squares gradients,
tSamples of dike rock from depths of 676, 681, 752, and 853 meters.

. §Samples of dike rock from depths of 676, 752, and 853 meters.
TNumber of temperature measurements or thermal conductivity determinations,

iy (1 J S

HVL() NI MOT] IVAF]

1698

Lo BRSNS A

I

IR
&

AU SE S UL

At

-

N R

T et e e RO

PRSI

e R | gk

i)



AR T ST PRI ARG RS TR R LA

AR .

D SOCR o 2 it A G T 3 o T e e e . it

8692 CosTAIN AND WRIGHT: HeAT FLow 1x UTtaH

TABLE 2. Summary of Corrected Geothermal.
Gradients for Hole D-142, Bingham, for
the Depth Interval 656 to 936 Meters

) Amount of Corrected
Evolution Uplift Assumed, Gradient,
Time, m.y. meters °C/km

10 4572 (4572) 15,73 * 0.066

3043 (4572) 16.09 * 0.066
0 (4572) 16.80 x 0.066
3043 (3048) 16,73 + 0.070
1524 {3048) 17,10 + 0,070
0 [3048) 17.48 # 0.070
100 4572 (4572) 17.25 + 0.072
3048 {4372} 17.37 = 0,071
& {4572) 17.61 # 0.071
3043 {35048} 17.60 = 0.073
1524 (3048} 17.73 % 0.073
0 (3048) 17.85 £ 0,073

the hele is 1963

meters, a = 6°C/km, vity is 0.02

cm?/sec, the chserved
and the steady
tion time) is
parentheses densote
e¢d surface.

porphyty and
last, er :
1961]. The gran
and no quart

feldspar make er* of the granite
porphyry and averagze 3.5 mm in length. Quartz
phenocrysts are rare. Tha dikes of quartz 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 mm 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-
tiong, 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

S

oo}

log was essentially featureless
quartzites, but excellent response was obtained

for dikes at depth intervals of 671-636 and -
747-754 meters. At about 1036 meters the -
hole penetrated the main Bingham porphyry -

stock, within which the gradient is 24.77° =

0.36°C/km. Samples of dike rock for thermal *

conductivity determinations were prepared from :.
core taken from depths of 676, 681, 752, and-
854 meters. The mean thermal conductivity and
the standard error as determined from four-
saturated cylinders under a pressure of 100 ba
were 9.08 == 0.95 mcal/cm sec °C. The resulting-
heat flow within the stock is 2.25 pcal/cm® sec, =
there being a probable error of about 15%
because of the assumption that the dike rock :

has approximately the same thermal conduc- -
tivity as the main Bingham porphyry stock. In =

the depth interval 656-936 meters the mean of -
seven thermal conductivity determinations of

the quartzite and four samples of dike rock is =

12.73 = 0.9S mecal/cm sec °C. Combined with -
an observed gradient of 18.45° =

2.35 ucal/cm® sec, in good agreement with the
deeper interval. The mean thermal conductivity
of the quartzites only was 1477 = 032
meal/cra sec °C. The thermal conductivity
determinations from hole D-142 are as follows
(depths are in'meters, and thermal conductivi-
ties are in millicalories per square centimeter
second degree Celsius):

Depth Thermal Conductivity
587.7 12.99

629.7 14.96 >
630.6 15.29

646.2 15.52

675.8 8.30*

680.6 11.79*

696.2 15.39

752.0 6.61*%

767.8 15.31

790.7 14.62

799.2 15.60

325.7 14.99

844.9 - 12.46

853.2 9.62*

884.8 15.35

(The values with asterisks are for a porphyry
dike. All disks are 2.22 cm in diameter and 2.54
cm thick.)

Our heat flow values at Bingham are some- -
what higher than those determined by Roy -

throughout the -

0.25°C/me
the quartzites, this value gives a heat flow of

CosT!

-+ ¢/ [1968, p. 5219], who repo:
.+ Bingham of 1.5 and 19 pea
swer value of 1.5 peal/em® sec
ue,mmed in the main Binghs
‘he average thermal conductivit
=19 = 028 mecal/cm sec °C. T
«cal ‘em” sec was apparently de
quartzites, since the mean cg
11.5 mcal/em sec °C. Our mea
are about 29 and 26% higher f
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md the stock, respecmely ot
about @ and 27¢% higher in the
the stock, respectively. Undouk
large differences in thermal e
tween the porphyry and the qu
tion is probably an important f

ferences observed.

We feel the best heat flow ’
D-142 is 2.3 = 0.3 pcal/cm®
three lowest conductivity valu
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<7 T1968, p. 5219], who reported two values
ham of 1.5 and 1.9 pcal/cm® sec. The
value of 1.5 peal/em® sec was apparently
1ed in the main Bingham stock, since
age thermal conductivity reported was

= 0.28 mecal/em sec °C. The value of 1.9
’ sec was apparently determined in the
ez, since the mean conductivity was
zl/em see °C. Our mean conductivities

at 29 and 26 higher for rocks, which
-zoly would ecrrespond to the quartzites
== stoek, respectively; our gradients are
- % and 27% higher in the quartzites and
vely, Undoubtedly, with the

in thermal conduectivity be-

porphyry and the gquartztes, refrae-

bl) an mportant factor in the dif-

: . How wvalue from hole
73 == OU weal/em® sec. If only our

- values for the dike

> are considefed, the
of the stock would be
= U.b: meal/em see 2, and the flox m
ook would be 28 seal/em® see, still within

our assumed uncertainty, and the lower con-
ductivity value is in better agreement with that
of Roy et al. [1968, p. 5219]. We prefer the
higher value of 2.3 == 0.3 pcal/cm® see, since it
is compatible with flux values obtained above
and below the boundary of the main Bmgham
stock asg penetrated by hole D-142.

Jordan Vdley. The temperature profile in

drill hole (B-1-2)28dcc-1 in Jordan Valley

(40°47.0’N, 112°04.3'W) near Salt Lake City,
Utah, is shown in Figure 2. This hole was drilled
into interbedded sandy and muddy layers of the
relatively unconsolidated Lake Bonneville de-
posits. Because of poor recovery of the uncon-
solidated deposits, no material was available
for laboratory measurements of thermal condue-
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 259 of 2.0 mcal/em
sec °C. This value could presumably be used
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103 58.48:0.93
106 46.94:0.51
1o §9.3520.70
(RN 54.70: 0.56
13 57.95*0.97
(B-1-2)28DCC-I 58.72*1.07
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Fig. 2. Temperature profiles in drill holes at Spor Mountain and Jordan Valley, Utah.
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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 meal/em 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

utite, which may contain 75% water; therefore

a sand containg more solid material per unit
volume than a lutite. Many well-consolidated
shales and sandy shales have thermal condue-
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

conductivity gresier than 2.0 meal/em sec °C

and less than 4.3 meal/em see °C. If a thermal

conductivity of

regional heat flaw in J
32

Spor Mountein.
central part of Jual

and Range province. Temperatures were mea-
sured in five dnill 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 108), 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 condue-

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 547 == 0.14 meal/cm see

°C. The mean geothermal gradient of all five-

holes was 55.5° == 3.7°C/km. This value gives
an average heat flow of 3.0 = 0.3 gcal/em’ sec.
The gradient over the depth interval 120-127

meters in hole 110 was 55.0° == 1.0°C/km. The-

mean conductivity and the standard error of
eight samples over this interval in hole 110 were

5.26 = 0.2 mcal/em sec °C. The product indi-

Thermal Copductivity Measurements from the Spor Mountain Area

Disk Thickness, Conductivity,A
Ho, om mcal/cm sec °C Location :
. 108M66 1,27 5.51 hole 110 (123 meters)
118M66-1 .27 5.36
118M66-2 1,81 5,50 hole 110 (123 meters)
118M66-3 2.54 5.52
135M66 1.81 3.78 hole 110 (125 meters)
145M66-1 1,27 5.49
148M66-2 1.81 5.46 hole 110 (127 meters)
1454663 2,54 5.43
155M66-1 1.27 6.21 hole 111 (below 130 meters)
155M66-2 1.91 6,25 .
168M66~1 1.27 6.43 ) hole 111 (below 130 meters)
165M66-2 2.54 6.63
175M66-1 1.27 5.46 hole 111 (below 130 meters)
178M66-2 1,61 5.66
18SM66-1 1,27 4,63
183M66-2 2,54 4,64 surface
188M66-3 3.81 4,73
195M66-1 1.27 5.47
195M66-~2 2,54 5.63 surface
- 19SM66-3 3,81 5.63

All values were detexmined from shelf-dried specimens,
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cates a flux of 2.9 = 02 peal/em® sec. No

rerrain 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 cireulation or

more probably to lateral variation in the ther- -
mal conduetivity of the rhyolite. No core was
available from hole 106. All thermal conduc-

tivity values were determined on unsaturated

specimens in a shelf-drisd state, since the hole»

were all dry when they were logged.

The heat flow in the Spor Mountain area is
taken to be 3.0 = 0.3 gcal/em” sec. The uncer-
tainty of 10% is assigned primarily because not
al of the conductiv determinations were

ade on core from the ﬁoiei

La Sel. Most of th
mined in holes drilled :

W}‘;Ch is composed of
nidstones with irreguiar
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km northwest of the HR group in the Big
Indian mining distriet [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
14°C/km gradient is measured in the more
sandy layers of the Chinle, whereas - the
22°C/km is representative of the shaly -beds.
By means of data from below 120 meters in
hole Bin-10-65, the straight-line least squares
gradient is 21.9° =+ 0.32°C/km.

The holes at La Sal were surrounded by
rather rugged topography, and a correction
for topographic evolution was determined. The
atmospherie 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° ==
0.20°C/km, or 3.5% greater than the observed

& L
2o
E)

Y

e
| BIN-10-85

— HR=1-88

353
cpo,

o

.IDA.

HR-4-865

ﬁ

GRADIENT (°C/Km)

I7.19 £ 0.19
1490096
17.98:0.23
17.6420.33
21.90:0.32

DEPTH BELOW SURFACE , M

/—BIN 8-64 {INSIDE SCALE)

Da

12.13 +0.79 (INSIDE SCALE)

LA SAL, UTAH

HRSSS

HR-2-65

12
]

TEMPERATURE ,

13
°C

Fig. 3. Temperature profiles in drill holes at La Sal, Utah.
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gradient. For an infinite evolution time the
corrected gradient is 18.38° == 0.20°C/km, or
about 7% greater than the observed gradient
in HR-1-65. For Eardley’s assumptions about
the physiographic history the correction to the
gradient is small.

No core was available for the La Sal holes,
and thermal conductivity was determined from
samples prepared from bulk rock specimens.
All spectimens were collected within 2 km of
the HR holes and within less than 6 km of
the Bin holes. The lithology typical of the

CosTaiN AND WRIGHT:

Heatr Frow 1x Uram

Chinle formation is about 50% sandstone angd .
about 50% mudstone [Wright, 1966, pp. 92
94]. We previously reported heat flow values-
at La Sal based on measurements of samples.
in a shelf-dried condition. Nine of the Chinle-
samples have since been remeasured after being~
vacuum-saturated with distilled water. The dxf..
ference between the dry and the saturated con--.
ductivities is shown in Table 4. =

The mean value and the standard error ofﬁi
the thermal conductivity of eight <aturated5
specimens of the Chinle formation are 861 +

TABLE 4, Thermal Conductivity Measurements from La Sal, Utah
Thermal Conductivity,
mcal/cm sec °C
Sample Thickaess,
No. cm Dry Saturated Remarks, Location
4H66-% s B 6.88 From lower 75 feet of
4H66-2 2.54 7.16 8.75 Chinle formation,
Alice-inclined shaft;
sandy mudstone, *20%
quartz.
6H66- 1 7.40 From lower 75 feet of
6HES-2 7.68 9.14 Chinle formation,
B6HE66-3 7.28 Alice-inclined shaft;
6HE6-4 7.08 muddy sandstone, *50%
quartz. s
8HEE .54 8.37 9.24 From lower 75 feet of =
Chinle formation,
Alice-inclined shaft;
sandstone, *80% quartz.
SHes 2,53 5.45 From lower 75 feet of
Chinle formation,
Alice-inclined shaft;
mudstone, 10% quartz.
1L66-1 1.27 7.05 Samples 1L66 to 9L66
1L66-2 2,54 7.50 9.32 are Chinle from
surface exposures on
the Wingate-Chinle cliff
and talus slope just
east of La Sal
-triangulation station
(38°14"16.9"N,
109°16'20.7'"W) ; muddy
sandstone, *80% quartz.
2L66 2,54 7.98 Chinle; sandstone, *80%
quartz.
5L66 2.54 6.09 7.08 Chinle; muddy sandstone,
+70% quartz.
6L66 2.54 7.98 9.08 Chinle; muddy sandstone,
~  *70% quartz.
7L66 2,54 6.42 7.86 Chinle; muddy sandstone,
+70% quartz.
9L66-1 1,27 5.42 Chinle; sandy mudstone,
9L66-2 2.54 6.00 8.38 +40% quartz. =
11L66-1 1:27 11,50 Wingate; from Wingate-
11L66-2 2.54 12.19 13.94 Chinle cliff; see 1L66; x
+95% quartz. 3
18J66-1 1.27 11.67 Wingate; from Wingate- 7
18J66-2 2.54 12,10 z

Chinle cliff; see 1L66; =
+95% quartz, e
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125 meal/em see °C. This value represents an
qereaze of about 209 over the corresponding
sparirated mean value of 7.15 == 0.29. One
ample of the Wingate was remeasured after
wrnration; unsaturated conductivity values were
for the Wingate, since hole . Bin-8-64,
h was entirely in the Wingate, was logged

iry {(Wright, 1966, p. 77
The average geothermal gradient in the
ninle formation in the HR-65 holes was
77% = 0.2°C/km. The mean thermal conduc-
iviry of the saturated samples of Chinle was
31 meal/em see °C. The produet indicates a
ux of 1.5 peal/em?® sec. Hole Bin-8-84 was dry
when it was logged. The temperature gradient
in the W mgate Jl:’_’f tone in this holp was 12.1°
= 0.5°C/km, ¢ turated Win-
care conduetim:y : .Ztv was 11.9 =&
meal/em seec L, giving a heat flow of

= O 11 pealfem
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were given as 1.2 =%

Iv on thermal con-

3 arated rocks.
fnr La ;mi baﬂ;ﬂ o0 con-
saturated Chinle
Wingate sand-

x\} \alueﬁ for Ls
: I/em® zeq. br

of *ha Wingate and Chiale rocks, since measure-
menrs were not made on core samples from

holes in which the gradients were determined.

Discrssion

Decler [1969] presented nine new heat flow
values in Colorado and New Mexico. Only one
of these values, 122 peal/em® sec at Cerrillos,
New JMexico, near the southern border of the
southern Rocky Mountains, fell below 1.6
ueal/em® see, Sass et al. [1971] presented
large number of additional values for the Rocky
Mountain and Colorado Plateau provinces, All
of their ‘category 1’ values for the Colorado
Plateau were 1.5 pcal/em?® sec or above. North of
the Colorado Plateau province, at Green River,
they obtained a value of 1.6 peal/em® sec. In
the Basin and Range province, Sass et al. [1971]
gave a number of new values south and west of
the Colorado Plateau. Only five values are less
than 1.5 peal/em® sec, and these sites are close

to other sites (<20 km) where the heat flow
is greater than 1.5 pcal/em® sec. It would appear
that the low heat flow 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
peal/em® see. This value is in close agreement
with values found for the northern part of the
Colorado Plateau by Sass et al. [1971], although
it is considerably higher than Spicer’s [1964]
value of 1.2 peal/em® see. 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 provmce with
abnormally low heat flow.

The extensive 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 flow
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
trends in heat flow are apparent from the data
avsilable to date; however, the density of heat
flovs 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 flow values
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, very close to the Wasatch line,
is about 2.3 peal/em® sec. Heat flow profiles
and microseismicity studies near active 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 al. [1971] obtained high heat flow values
(>»2.0 peal/em? sec) near the eastern boundary
of the plateau. The apparent overall higher heat
flow in the Basin and Range provinee, about
2.0 pcal/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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